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Abstract

Mechanism

Traditional Chinese medicines are an important class of natural products mainly derives from animals, plants and
minerals, most of which need to be improved and processed before clinical use due to their own hard texture, impuri-
ties or toxicity. As an important part of solid excipients, mineral excipients that contain some metal elements play
indispensable and unique roles in the pretreatment process of traditional Chinese medicine. However, deficiency

of holistic understanding of the effect of mineral excipients hinders their application and development. This article
reviews several mineral excipients including alumen, talci pulvis, soil, soda lime, halloysitum rubrum and cinnabaris
systemically. Their processing significance on traditional Chinese medicines were revealed from components, phar-
macodynamics and mechanism aspects. Furthermore, prospect and problems including processing technologies,
quality standards of mineral excipients and processing mechanism were put forward. This review supply comprehen-
sive information for better and scientific usage of mineral excipients in processing traditional Chinese medicines.

Keywords: Mineral excipients, Processing, Traditional Chinese medicine (TCM), Components, Pharmacodynamics,

Introduction

Traditional Chinese medicines (TCM) are an important
class of natural products mainly derives from animals,
plants and minerals, most of which need to be improved and
processed before clinical use due to their own hard texture,
impurities or toxicity, and the pretreatment process is called
Chinese medicine processing. In the process of processing,
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the active ingredients such as alkaloids, glycosides, volatile
oils, tannins, organic acids, proteins, amino acids, sugars
and inorganic compounds will be affected. Generally, the
processing methods of TCM are mainly divided into clean-
ing, cutting, heating, and adding excipients. Cleaning is used
to remove the impurities and non-medicinal parts. Cut-
ting contributes to the decoction of effective components
through changing the shape of medicinal materials. Heating
is applied to changing the texture and efficacy, correcting
the bias, improving the decoction of effective ingredients as
well as reducing toxicity and side effects through the proce-
dures of frying, calcining, steaming, boiling, etc. [1]. Adding
excipients could not only change the nature, flavor, action
and meridian tropism of crude drugs, but also enhance the
efficacy and reduce or diminish the toxicity and side effects.
Among which, the application of excipients that possesses a
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long history has reflected the flexibility of clinical medica-
tion. And the role in processing medicinal materials is also
variable accompanied by the difference between varieties,
properties and functions of excipients.

Overall, processing excipients could be divided into
liquid excipients and solid excipients. Yellow rice wine,
vinegar, salt-water and refined honey are the commonly
used liquid ones. Yellow rice wine could promote the
upward direction, enhance the effect of blood-activating
and stasis-resolving medicinal in invigorating blood cir-
culation, moderate the cold and cool of some herbs with
cold-nature [2].Vinegar could reinforce the effect of liver-
soothing, dissipating blood stasis and relieving pain of
TCM synergistically. Besides, several TCM processed
with salt-water could conduct the drug to the kidney
meridian and strengthen the efficacy on lower-jiao dis-
eases. Refined honey could change drugs become sweet
and sluggish, enhance the effects of benefiting Qi, mois-
tening lung, relieving a cough and stopping pain and dys-
entery. In addition, ginger juice, licorice juice, black bean
juice, bile, lanolin and sesame oil that are used for specific
herbs also belongs to the categories of liquid excipients.
As for solid excipients, rice could generally reduce the
odor and toxicity of animal drugs and increase the role of
some tonic drugs in improving the interior and benefiting
Qi. Bran could absorb excessive volatile oil and reduce
irritation of herbs. Sand helps the medicine to be friabil-
ity due to homogeneous heating and reduces the toxicity
as well. Except for the above commonly used ones, some
mineral excipients that not only acts as medicinal materi-
als but also enhance the therapeutic effect and reduce the
toxicity were also applied in the process of TCM.

In the Chinese Pharmacopoeia (ChP, 2020 edition),
4 kinds of TCM that processed with mineral excipients
has been included. Pinelliae Rhizoma Praeparatum Cum
Alumine (Qingbanxia), Pinelliae Rhizoma praepara-
tum cum Zingibere et Alumine (Jiangbanxia), and Rhi-
zoma Pinelliae Praeparatum (Fabanxia) that derive from
the raw Pinellia ternate (Thunb.) Breit. were processed
with alumen, ginger juice and soda lime as adjuvant
materials, respectively. Arisaematis rhizoma prepara-
tum (Zhitiannanxing) that derives from the Arisaema
erubescens (Wall.) Schott, Arisaema heterophyllum Bl.
or Arisaema amurense Maxim. is processed with alu-
men. Besides, Typhonii Rhizoma (Baifuzi) and Hirudo
(Shuizhi) that were separately processed with alumen
and talci pulvis has also been included as one of the main
processing methods, although relative standards have not
formed. Meanwhile, some provinces have promulgated
their own standards. For example, Atractylodis Macro-
cephalae Rhizome (Baizhu) and Paeoniae Radix Alba
(Baishao) that stir-fried with soil have been included in
the standard for preparation of Chinese herbal pieces

Page 2 of 23

in Beijing (2008 edition). Coicis Semen (Yiyiren) stir-
fried with soil has been included in the standard for cut
crude drug of TCM in Yunnan Province (2005 edition).
Moreover, several processed products including Angeli-
cae Sinensis Radix (Danggui) stir-fried with soil, Ophi-
opogonis Radix (Maidong) mixed with Cinnabaris had
also been included in provincial processing specification,
even though there is still no formal standards to follow
(Table 1). The aforementioned information suggests the
essential role of mineral excipients in the field of TCM
processing. However, their research status and process-
ing mechanism has not been systematic summarized,
which hinders their application and development.

In this paper, the application of several mineral excipi-
ents in the processing of TCM is reviewed by sorting out
the existing literature reports (Fig. 1, Table 1). Their pro-
cessing significance on TCM were revealed from com-
ponents, pharmacodynamics and mechanism aspects,
which provides references for better usage of TCM.

Effect of mineral excipients on the processing of TCM
Alumen

Alumen is a kind of sulfate mineral alumen stone, which
is processed and refined from alunite. It can be used as
an external medicine to exert the effects of detoxification,
insecticidal, moisturizing and relieving itching as well
as oral administration for diseases such as bleeding and
diarrhea. Apart from the above physical and biological
actions as a TCM, the alumen itself is often used as a pro-
cessing excipient to reduce toxicity and increase efficacy.
Banxia, Baifuzi and Tiannanxing are typical TCM pro-
cessed with alumen (Fig. 2).

The processing method of Banxia and Tiannanxing
with alumen could be traced back to the Song Dynasty.
The former has been recorded in many classical medi-
cal books in China, such as Taipinghuiminhejijufang( &
REBERRFZETD ), Shengjizonglu( {EEFFAETE) )
and Baogingbencaozhezhong( { ERAFH LN ),
while the latter was first documented by Shengjizonglu
[3-5]. Besides, standards for the processed products of
Baifuzi with alumen have been included in the ChP and
26 provincial processing specifications, which is gradu-
ally developed on the basis of previous licorice and gin-
ger processing. So far, boiling or steaming Baifuzi with
alumen or ginger has become the universal processing
means [6].

Pinelliae Rhizoma

Pinelliae Rhizoma, commonly known as ’Ban-xia’ in
Chinese, is botanically from the dried tuber of Pinellia
ternata (Thunb.) Breit., which has been used to remove
dampness and dissipate phlegm, reduce adverse reac-
tions, stop vomiting as well as eliminate swelling and
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scattered nodules. Furthermore, it is also a famous
poisonous plant, and its toxicity is attributed to alka-
loids and toxic proteins. Lectin is the most important
toxic component of Banxia. And it has been confirmed
to have obvious toxic damage to many organs, such as
liver, digestive tract, kidney and heart. Interestingly,
when verifying the toxic effect of Banxia on stomach
and digestive tract, some researchers found that 50 mg/
mL of Banxia could inhibit gastric nerve activity in
rats, while it did not show any inhibitory effect when
processed with ginger juice. Moreover, it also exhibits
obvious reproductive toxicity, which lead to the ter-
mination of pregnancy and fetal deformity or death.
Animal experiments showed that intragastric admin-
istration of Banxia powder (9 g/kg) and Banxia decoc-
tion (30 g/kg) could increase early embryo mortality by
85.7% and 50.0%, respectively [7-9]. Similarly, Banxia
no longer causes vomiting and hoarseness in experi-
mental animals after the processing with alumen [10].

As one of the classic herbs processed by alumen, the
contents of alkaloids, organic acids, nucleotides, poly-
saccharides, proteins, amino acids and inorganic ele-
ments in Banxia were mainly changed. Ephedrine, a
major alkaloid constituent that relieves cough and
asthma, its content increases after processing due to
nonvolatile and stabilization of ephedrine salt formed
by the action of acidic alumen water [10—12]. In addi-
tion, there are also cases where the content of alkaloid
is lower than that of raw one by different processing
technology [10, 13]. For example, a significant decrease
in the content was observed in other alkaloids including
guanosine, uridine and adenosine compared with the
crude product, which may be related to the breaking
and decomposition of glycosidic bond by dissolving in
water and alumen [10, 11, 13-16]. Moreover, changes of
these three alkaloid components could affect the expec-
torant effect of Banxia. Meanwhile, content of organic
acid such as succinic acid in processed Banxia was usu-
ally higher than that of raw products [11]. While it was
also reported that their content was slightly lower or
similar to that of the raw one. The main reason was that
the total organic acid was dissolved in water, and the
difference would occur owing to the different process-
ing parameters [10].

Detoxification is also one of the main purposes of
Banxia processing, calcium oxalate needle crystal with
special crystalline and lectin protein are main toxic
components in it. After being processed with alumen,
the toxic needle crystal dissolved and corroded, and the
agglutinin protein degraded and denatured, so the toxic-
ity is reduced [10, 14, 17-23]. However, the lectin protein
is also an effective component of Banxia with anti-tumor
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effect [14]. Thus, explore how to moderately processing
Banxia with alumen has important implications.

The content of amino acids in processed Banxia was
higher than that in the raw one [13]. It was also reported
that the quantity and species of amino acids, sugars, fatty
acids and phytosterols had no change, while the content
was much lower than that of crude drugs [24]. The sugar
content decreased significantly because of its dissolution
in water. In addition, the strong acid action of aluminum
can degrade triacylglycerol into diacylglycerol, mono-
acylglycerol and glycerol [24]. Some trace elements also
changed, the content of zinc, magnesium and iron in
inorganic elements increased sharply accompanied by
the introduction of nickel at the same time [10, 13]. Some
studies still pointed out that the reducing sugar content
of Qingbanxia is higher than that of the raw one, con-
versely, the total sugar content is lower [10].

Comparative investigation of curative effect and alu-
minum residue after alum processing is also worthy of
attention. The content of succinic acid and alkaloids
increased after the preparation of Banxia by alumen,
which was beneficial to improve several therapeutic
effects, such as antitussive, antiasthmatic, anti-ulcer, etc.
[11]. And alumen itself has the effect of dispelling wind
phlegm, which helps enhance the therapeutic effect of
Banxia. Besides, decrease of some proteins, polysaccha-
rides and nucleotides can also affect the anticancer effect
of Banxia, but the irritant toxicity of raw one is signifi-
cantly reduced after being processed with alumen. It has
been reported that there is aluminum residue after alum
processing in Banxia. However, some aluminum ions
are converted into stable small toxic granular aluminum
due to the intense boiling conditions, which reduces the
direct toxicity of aluminum in Banxia to human body
[25] (Table 2).

Arisaematis Rhizoma

Arisaematis Rhizoma, commonly known as ‘Tian-nan-
xing’ in Chinese, is botanically from the dried tuber of
Arisaema erubescens (Wall.) Schott, Arisaema hetero-
phyllum Bl. or Arisaema amurense Maxim., which has
the effect of dispersing knot and detumescence. While
Tiannanxing is usually used to dry dampness and resolve
phlegm, dispel wind and stop spasm as well as disperse
knot and detumescence. However, its obvious toxicity
was recorded in ancient books and reported by modern
research. Dong et al. used the metabonomics method
to reveal its nephrotoxicity mechanism. After intragas-
tric administration of rat Tiannanxing (0, 0.5 and 1 g/
kg body weight) for 30 days, the levels of serum urea
nitrogen and creatinine were significantly increased. Sig-
nificant changes of metabolites in blood and urine were
also observed [108]. Similarly, another study revealed



Page 7 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

[8€]
spunodwod a|ndsjoul
|lews Jejod JO UOAN|OSSIP Y3 S310W
l6€] -01d 218)|NS WINUIWIN|E WNISSEI0d

SSO| Ul bupnsas 4orem

Ul 3|gN|os AJ1Ses 319M S9pISO3PNN (S)
sjusuodwod 9|q

-N|OS 1B} 95e3IDUI PUE SISaYIUAS pid]|
910Woid ‘uiRr01d XY PINOd WINY (1)
1918M

WIN|e Ul 310Mm 0} pa|iej pue papeibap
2I9M S|B1ISAID S|Pa3U 91B[EXO WINID
-|ed pue ut104d U3 3y (€)

§¢]]

S3sNeD pue AM|IgN|Os J31eM S25BIDUI
YDIYM ‘S}[eS WIO) S9XeUl Jo1em wn|e
DIPIDE Ul [[2BYDIWIED WUNUODY Ul
Splojey||e JO uolldeas uoiedyijes (7)
SpIoe oulwe 334

pue $1eBNS WOl UOIDRSI PIB||Ie|N PUR
uolepelbap [ewiayl Agq padnpoid
Sem [RINJINJIAYISWAXOIPAY-S ‘suon
-puod paieay pue dipide Japun (1)

191eM Wnje ul papelbap pue
pakonsap sem ui1oid U3l Y] (7)
abieyd UMO S) Ag paglosge si luau
-0dwod J1X01 '121eM Ul [9b SpIXCIpAY
winjuiwn|e olul pazA|oJpAY sem wn|e
'UOIIN|OS WiN|e DIPIJe Ul PIAJOSSIP Sem
[P1SAID 3|pasu a1e[exo wnided) (1)

[te-1e 'z’

l6c-Lt'et-11]
J91eM WiNje Ul 9uanbas

apndad ayy papelbap pue pabueyd

‘ui9104d UNd3| PakoIISIP By (7)

uonN|os I[eyje buons Japun a1e|

-BX0 WNID|BD 3|gN|OSul JO UoNdeal (q

‘21ey|ns winissejod winuiw

-Nje WoJj pa1esausb uol a1eyns (e

:5109dse OM] WOl J91eM winfe AQ

POA|OSSIP PUB PIPOIIOD SBM S91B[eXO

[sc-ol] win[e3 Jo [e1sAid sjpasu ayL (1)

10949 dasAkdiue « A1pixol (1)

Abojo

-ayloway anoidwl ‘sisojndiagni-nue
‘Juepixonue ‘sniAlue

‘wbayd

pue puim [2dsip (1) Aua1xo3 Juenr (1)

AD1X03 Juel (1)

wbayyd
91edIssIp pue ssaudwep aA0wi
() J19duedRUR ‘A1DIX0) JURYLL (1)

syusuodwiod Jejod (1)

u12101d UND3| ‘SPIOUOARY [B10)
‘sopleyddesAjod ‘sapls

-09[2NU ‘splojey|e ‘spioe oulwe (1)
Jay3a (JAINyAw

-10J-6) SIG ‘|eangnAY1swAxoIpAY-g ()

|e3SAID 3|Pa3U 21e|eXO WNIDjed ‘UR10id
uno3)

‘(eD)'UZ) SIUSWIDS 22813 'splojey|e
'spioe oulwy (1) 4 wswaje adel| (4)

|0122A|b1A>e11

‘pIoe oulwe ‘j0I21501Ayd ‘pioe Aney
‘91eIpAY0gIed ‘pIoe dJUPINS ‘(je1sA1d
3|paau a3ejexo wnid(ed ‘uieiold unda))
S3USN}IISUOD DIXOY ‘(3UIPLN ‘BUISOUSpe
‘auisouenb ‘aunpayda) spiojeye (1)
(IN 'BW 24 'UZ) suswaja 2.}

‘pIoe oulwe ‘pioe

21UPdNS ‘pioe diuebio ‘duupayds (V)

BZ|YJI0IDB|\ BISEDO[Y

12qn] eljjauld 31eplod

ewoziyy lluoydA

PWIOZIYY SRSy

PUIOZIYY 28l||dUld uawinly

*sjoy wisiueydaw bujssad0id

Slweukpodeweyd

sjualpalbui [ed1wayd)

SsauIdIpawW 3saulY) euonipes] jueAn(py

sydadse wsjueydaw pue sojueuApodeulleyd ‘s)usuodwod WOy aURIPaW 8saulyD) [BUOLIPEI] UO SJUSIdIDXa [elauUll JO 103y Buissadold g ajqeL



Page 8 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

~

[0L1 601 'S5—19]

[06-9t]

[cy—-0v]

9151 PUE I0OPO 1231102 ‘Alied

pue aiedaid 01 JUBIUSAUOD ‘dSLD
pue 9500| dsLd 2in1Xa) 9Y1 SeW
‘A|jeansIBIauAs Aoedu)s oyl sadueyul
uonepebap [ewlayl Wiopun
uonepelbap ainlesadwsl ybiH
u12104d 9y1 S91RIN1EUSP 1eSH

sul101d sA011sap 1e9H

uondiospe pue azis 3jd1ed

‘9164 J9jSueI) 183Y

Ag pasned Sem 1U31UOD |10 3]11B|OA JO
abueyd ay] (7) buneay awin buo (1)

puinlasaid
S9pISO2A|6 pue Bulj|y awAzug

eunbuens bunean
‘S9U03s Asupny buneutwa ()

Apixoy (1

)
Audixololydau (1)
M

A11D1X01 JURL|

AJDIX0) pue

uone|nbeod ‘AlAnoe Juenbeodnue (1)
ewiyise

Bulralar'ainssaid poojq adnpal ({)

Anixo1
‘Buipyjs [eunsaiul (1) [eayeipiue ()

10243 DAl1RIND
(1) sauaipa1bul aARDR JO UONUID)

ase|Awie pue asea101d ‘pioe oulwe (
QUIdNIQG ‘BUIUYIAIS (
V PIoe 21Yd0[01SUe (

2222

ulusboynqgisal ‘uiusboyng (

(duouedapeIday-7 ‘DuadapeRUOU-|
‘auouedapeluad-g ‘pioe d[sUAW
‘3UrdIPRIDAAX0dD-7'| ‘'DUoURIIPII-T
‘pIoe DIoURISPII] ‘SPAYSPIe dISHAW
'9UOURIIPEIIBY-7 'DUOURDIIPOP-T
‘apAyaple Yoead ‘jeuedapop ‘pioe
Dl0URDaP ‘joURIIPUN ‘pIdE DIOURUOU
‘leanpNyAyIsw AX0IpAY-G) SsyusnIns
-U0d 3|11ej0A ‘ula3oid ‘ulpnily ‘(24

nD "UP ‘uz) s;usws|e

a2en ' (BH 'pD ‘qd) sjersw d1xo1 (1)
(sued

-opeiuad|Aylawenai-+1'01'9'c ‘|o-¢
-3Ua11eI3POP-0 1’9’ L-[AYrawWin-1 |/’
‘eJ|e}|e0|2AD ‘jousydjAyiaw-i
'SUBUIdIS) SIUSNIISUOD 3|11B|0A
‘duiyauexodAy ‘(B

'8D)S1USWIS|S SDBI1 'spIde oulwe ({)

suluuel ‘|lo

A13ey '(3]044S ‘UDIISLAWL) |10 3]11|OA
(1) (ND'UZ 'UN ‘24 )s1UsWS|2 926
‘(jouabnaos! ‘jousbna

'3]044eS ‘UIDISHAWY) |10 3)11e|oA ({)

SIPISOA|D plopul

[e301 ‘| U1D0JD ‘apisodiuab (1) (sebpa
XIS YIM saplou

-lwisef ejuaples) buisn usym) || uidoid
pue | uIdoID ‘3pIs

-od|uab ‘sapIsodA|b plopul (2103 ({)

wiN3auwIoD winijdyiopud 113619 1jjeo
USWIRS 1UYdANIS

SISUSLINYSUBIA BIYDO0|0ISLIY
WINUSURA sluojng

opniIH

UDWIS 2LDNSUAN

SN1onl{ oaeluspien)

SIAING PleL

SIAING leL

‘sjoy

wssiueydaw buissadoid

J1weukpodeweyd

sjuaipaibul [esrwayd)

SsaupIpaw asauly) [euonipes)

eAn(py

(panunuod) g ajqey



Page 9 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

[69]
915€] pue JOPO 1031102 ‘AlJed
(89] pue siedaid 01 1U3IUSAUOD ‘dsid
[£9] pue 3s00| dsid 3IN1Xal Y1 SN
uoneiedaid ayy 01 9AD
-NPU02 SI Y21ym ‘dsid pue buiweoy
[99] upys Jueydsje oy saxew bunesH

uon
-eledaid sy ssadoid 01 Ases 1] saxew
[S9'65]  ApOQ Jajsuel) 1eay S1eIpaulIalul 9y

1918M

pue siueilll [edIWAYD JO 10| e qiosde
pue AjusaAa Bnip sy 1eay ued dJe] (€)
Bulyduua

-pooj|qg pue siseisoulay ‘Aouabullise
JO 103J49 BY3 9dUBYUS PIN0OD 3| ‘|jem
|9SS9A POO|Q dY1 SPISINO WINISS pue
|92 poojq jo uoneliauad ay) sonpal
P02 Yd1ym 1ueinbeod e s uol winp
-|eD {pO0|q Ul JUSIUOD WINID[eD Y}
95e3JDUl pUB gIOSOR 0} Apog uewNy
3U1 J0J JUSIUSAUOD S| YDIYM ‘U0l
wnpped 01Ul passadoid sem ule|sb
SapIY Axuop Ul 3[es wnidjed ay] (7)
1apmod

D[e] Ul PaUIRIUOD 31ed|IS Winisaubew
a1 Ag 1999 uono30.id |jem [eunsaiul
19 '€9] pue uondiospe ‘a3usbisauo) (1)

eayllelpiue ‘bulkyiuol-us9|ds () SplouoAe| 101 ({)

ploe oujwe ‘12e1xa [oyode (1)
pioe oulwe (1) 19e11x3 [oyodje ({)

pe oulLe ()

(@1e1Wied |Ay1e

‘auadape1do-| ‘a1ejeyiyd |AIngosiip
‘auedapeluadodAd ‘auedspeiday
‘Suouedapeiuad-g ‘sualpeiday
'|opI0JaU ‘2URIPad ‘SPAYSp|e D1ISLAW
‘[PUUSI3P-7) SIUSNIUISUOD 311e|OA (1)
(duouedspeiuad-z-|Au-1'01'9
'IPIXO USJAYILIIYADIP-7 ‘Durl
-sud ‘auaderenb ‘suouaydozuag
‘3U3|NINB-D) SIUSNIISUOD 311B|OA
Pa1094e 10U SeMm ADBDLJD 3y ‘9UIN|OIAXOYIBWILI-GH'E ‘U1toid ({)

$109))9

3PIS PUE ||]SWS peq ‘ainieu Asealb (1)
uondnpold poojqg pue siseisowsay ()

poe ouiwe (4)

XIpey oe1eqOT S8LIRIaNg

up|s boyabpaH
siuad pue sa1s91 bog

sipeyds|3 winod

IoppEjg WIMS

BJ|0D 110D WISy

‘sjoy wisjueyd>aw buissadoid

Siweulpodewseyd sjuaipaibul [edrwayd)

saupIpaw asauly) jeuonipes) jueanfpy

(panunuod) z 3jqeyr



Page 10 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

[c8'18]

[08-8/]

[clLtiL 254
[19]

Bl
J13s1019UAS e pakeld |10s ay1 Ul s1USW
-39 92eJ] (£) 431eM 31 JO 2UNIDNAS
pue Jus3u0d sabueyd buesH (7)
‘2unyesadwsy ybiy sspun uloyiuosed
01Ul Pasodu0dap sem UloIuoaed (1)

10S AQ paGI0Sqe a1om

S|10 3|11BJOA (€) “1SO| SEM |10 3]11B|OA 31
pue 8500] anssi1 ay1 spew Bulki] (7)
‘UoNEePIXO 1281U0D Jle AQ S9POJAL
-DeJ1e 0] PZIPIXO Sem SUO[A10eY (1)

ainiesadwal ybiy 1e

3|geisun ale apieyiydjAusing-u pue
H 9apljounAyuas ‘| apijounAyuss (9)
‘ainyeladway yob1Yy 001 Jopun uaddey
30 05| p|N0d 350dUW0I3P ISASMOH
149153 pI2e d||NJdj auld JO JUU0D

3U31 95ea0U] pue AJADe SWAZUD
Kol1sap pnod ainjesadwal YbiH (5)
‘2inieladuwial

ybiy 1e pioe ouabolojyd pue poe
1uaboiolyd Jo ANjIgn|os paseainuyy ()
‘2injesaduial

JO 95B3IDUI 3Y) YHM PIseaIdsp

SeM PIDe D1|NJ3J JO JUSUOD) (€)

|10 3]13|OA JO SSO| dY}

pue 3JN12NJ1s ANSSIY JO UoNINISSJ (7)
'9z]u0g.ed 0}

11 s9sned eyl ainjesadwial ybiy ay1 oy
paingliiie st 1ebns ur asea1dap ay] (1)

SIAINd 12|l JO WISIDISUAS

eayllelpiue
‘BulAjiuol-usa|ds ‘uonepixonue ()

uonel
(1) eay.leipiue ‘BulAjiuol-usalds ()

uolel [eunsaul (1)
Bulkjiuol-usa|ds

‘e3IBIPAUR ‘UOBWWEUI-IUR
‘AiAoe aandaloldoreday (4)

onaINIp ‘Bulies)p-1eay ‘elnbuens ()

upopiuoaed (1) pioe d1jjeb ‘pioe
210zuU3q ‘uoyiqe ‘uoyiuosed ()

(219 ‘suoiuessb ‘suo)

-A15e.18) |10 3|11B|0A (1) 12BJ1X3 [OYO0d[R
pue s1ebns 9|gn|os Ja1em ‘pIoe dIs|oul|
‘pIoe dnjwed

‘| apljous}fideie ({)
(ep1snbil -7 pue -3
‘loudjnuteds-(-) ‘duauldiBbuo|-o-(+)
‘auaiednd-(+) ‘Duajogesig-o
‘QUaP3|-(+) ‘Dualbiuteyd-¢g
'|osau|Ng-o ‘2URJIBIWEYD-D ‘BUIWIID
‘aplieyiydauaplA1Ing-u ‘Dua1pad -g
pue -o ‘apljeyiydiAing-u ‘suasdofnyy
vV 'H ‘| 9p1ISNBIf) SIUSNIISUOD 3]11e|0A
‘pIoe DI|NJ3y ‘aplieyddesAjod (1)
(d1e1L1ngjAusydAxods

-JAyI2WIp-/'€ ‘pIoe DIjAX0GIed-7' | -aUD
-IpeX3YO|DAD- | ‘DUaipuspewoie-(+)
‘louaydjAxoyiau- ‘duourd3pUY-9
‘aualpe1dayopAd - -|AINg-9 ‘apAy
-op|e K100 ‘suauid-o-§| ‘suauid

-0-Y1 ‘9pAysp[eIAINg) SIUSNUISUOD
3|11B|OA ‘(pI2E D392 ‘pIde DIULIO) ‘pIde
duaboiolyd) pioe diuebIo ‘BusdRIYIUR
2UaZU3q |AYI2WIp-9'z'auedoidAxoyis
-1 '91e[NIay 131u0d ({)

ENVENETEN

(jo1dAjeona ‘apixods auedspe1do
‘suouedapeIuad-z-|Ayrwiul-| ‘01'9
‘apAysple disuAw ‘|01dA[edna-g ‘susjo
-pe|b ‘jouewa|s ‘Dullabuel PIDUS|RA
'9UIPID) SIUSNIASUOD 3[118[OA (1)
(91e1Wed |Ayaw ‘suouinbozuag
1AINg-191-1p-9'z ‘2unsud ‘suousayd
-0zuaq ‘apIxo aua||Aydokied ‘|Kuayd
-1g]AY19W-£) SIUSNISUOD 3)11e|0A ({)

eq|V XIpeY 2eluoaey

awoziyy aejeydadoidepy sipojA1oeny

XIpeY SIsuauls§ aedlebuy

ewlaiayd

[°9YS

SHMeH

wisjueyd>aw buissadoid

Slweufpodew.eyd

sjuaipaibul [es1wayd)

SaupIpaw asauly) [euonipes) jueanfpy

(panupuod) Z 3jqey



Page 11 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

2oueISgNS aujjey|e Aq pakoisap pue

[09] paZI[eJINaU SeM Y PIDe DIYD0|0ISIY Aypixojoaydau (1) V ploe d1ydojoisie (1) SISUSLINYSUBA BIYDO|0ISHY
[PISAID 3|pa3U 218 [PXO
191eM SWl| wnpjed ‘uRioid
AQ paK0.1S3p pue PazZA|0IPAY M U129 ‘(uIsouenb se yons) plojes|e
[1601] u19104d UID3| PUR SR [EXO WINID|ED) A1dixo1 (1) (1) (121U DuUIZ)s1usWg|e adedy ({) PWIOZIYY 9el||duld
103)J3 sIseIsoway pue buiusayibuais
-ua9|ds ay1 uayibuaus pjnod 10S (7)
Aauply pue
19A1] BUIAJIUOY JO 10349 Y3 9dUBYUD
UoIym 4a1em jes uj uondiosge pue BulAjuoy-Aaupty ‘BulAjUOI-IaA|
[£8] yea1q 01 Asea s uswie|y 41aqany (1) ‘Buipas|q dois ‘buiAyuor-usaids ({) X9110D) 9eIWWOodN]
1OAB|} pUE JOPO ‘1B3Y 10940 Alj-IS
[10S (7) 10949 Bulusyibuaiis-uas|ds
[88] pasueyua [0S Yum Buikiy s (1) uonsabip () WN3WIOD Winijaylopu3 1abio Ijje
(duauid-g
‘lousuldial-¢g -sueil pue -sid ‘|o-|-aud
-z-aueyiusw-d-suely
'|01S1IAW) S1USN3IISUOD 3|118|0A (1)
(9uUaied-f
‘aua||AydoAied-¢g ‘auaipuelpyd-o
'|o- | -aua-z-aueyiusw-d-spd
'ausuIdIal-Q pue -A ‘Suoiese-n
[ov] '3]01JES) SIUSNIISUOD 3|11B|OA ({) USWS aLJNSHAN
und9)| [e101 ‘spidijoydsoyd |eyon (1)
aujjoud
[€8] eayJllelpiue ‘Bulkjiuol-usalds () ‘SpIoe ouluwle 9.4 [e301 ‘Uteloid ({) wngy Uswas gejge
Bupwon dois ‘wbajyd
8] a1edissip ‘Buljiuol-us9|ds () uipuadsay ({) winidiesuad 9e1einonay LD
(1'pd
‘eg IS ‘DI BN ‘ND) S1USWS|L 228l (1)
(IL'N 1d
‘O d'us'guz
[98] UA IV LD '34) suswa| el ({) eWIOZIYY sipojAideny
[10s Ag paglosqe
2J9Mm Syusuodwiod 31ejoA (7)
POA|OSSIP SIUBU
-0dw0d 9A[193)3 puUEe SSO| |10 3[IYM
[08] '9500| aNssiy Y1 apewl buiki4 (1) eayllelpiue ‘bulkyiuol-usa|ds () SopLaAIbLL (1) Uswas sidIoD lelS
10S JO 103}J2 d119BIBUAS (7)
21N} spidijoydsoyd
-esadwa) ybiy Ag uioiuejje pue pidi| ‘apuieyddesAjod ‘uioluele (1) (3jgn|os
[s8'08]  -oydsoyd ‘apueysdeskjod jo ssoq (1) eayielpiue ‘bulkjiuol-uss|ds ({) -|oyod|e ‘3|qN|0s-121eM) 10B4IXS () 3W0Z|Yy 983101501
*sJ9y wsiueydaw buissadoid J1weudpodew.eyd sjuaipaibul [ediway) saupIpaw asauly) [euonipesy ean(py

(penunuod) zajqeL



Page 12 of 23

Liu et al. Chinese Medicine 2021, 16(1):143

Buidaas-pie ‘puiw

[col] uoloRIAUI D1ISIBISUAS oY1 bujwied ‘uesy ayy buies)d () uIuabauasoPAd ({) xipey aejebA|od
Buidaajs-pre ‘puiw
0L ‘€01] uooeIUI DNSIDISUAS 9y bujwied ‘Meay ayi buesp (1) splouonel |e101 (1) snojuoder uobodolydp SiJegeuul)
AJoyeululejjul-liue 1aoued
[86] -llue ‘uopepixo-iiue ‘Ayunwiw () ||| apljousjAidelie ‘opueyddeskjod ()  swoziyy sejeydadoidel sipojA1oeny
Susko|ley pay
[£6] Aq |10 p2glosqe JO 199y3 eaylielpinuy Bulplls [eunssul (1) eayueipiue () 1o (1) USWS 9LDNSHA  WnIgNY WiNsAo|leH
191eM 2UI| JO JUBW
-UOJIAUD aul|ey||e 91 Ag Stuauodwiod
[¥6]  DAIDE JO JUSWYDLIUD PUB UOIIRUIOS uignuipul ‘anjg obipur () SijednieN obIpu|
191BM SUII| BPOS duljey|e AQ PazA|
[6€] -0IPAY Sem 1uauodUod DIXO) DIPIDY A1dixo1 (1) plojexe (1) 1agn] elj|auld 91epioD
(491eM BWI| BPOS
yum passadold) splouoney [e1ol (1)
(Wl epPOS AIp
[26] Y1m passadold) splouoneyy (2101 ({)  WNIBWOZIYY PWSLSLY SUIDIPaW OBl
[56] A1dixo1 (1) auPNIg ‘BUIUY2ANS (1) USWIAS 1UY2A1S
[s6] ApIxol (1) BZ|YJI0IDB | BISEDO)Y W] epos
[c6] Adxol (1) ewozIyy sipued
*sjoy wisjueydaw buissadoid Jlweulpodeweyd sjuaipalbul [ed1wayd saupIpaw asauly) jeuonipel] jueAn(py

(panunuod)  9jqey



Liu et al. Chinese Medicine 2021, 16(1):143

neurotoxic effects of Tiannanxing when given ICR mice
for 3 days. However, it is worth noting that Tiannanx-
ing that processed with alumen and ginger juice or bile
not only reduced the neurotoxic effect but also enhanced
the neuropharmacological effect [26]. After processing,
the contents of amino acids and alkaloids are lower than
that of raw products, which is similar to that of Banxia
[27]. The content of inorganic elements zinc and calcium
is lower than that of raw product, in return, the iron ele-
ment obtained higher content, which indicates the intro-
duce or loss of inorganic elements by processing [27]. At
the same time, the agglutinin protein is degraded accom-
panied by the dissolution of toxic calcium oxalate needle
crystal due to acid alumen water, and alumen is hydro-
lyzed into aluminum hydroxide to form gelatin, which
reduce its toxicity by adsorption of toxic component
owing to the electric charge [21-23, 28, 29].

Typhonii Rhizoma

Typhonii Rhizoma, commonly known as ‘Bai-fu-zi’ in
Chinese, is botanically from the dried tuber of Typho-
nium giganteum Engl, which has been used to dispel
wind and phlegm, calm convulsion, detoxification and
relieve pain. However, its significant toxicity could not
be ignored. Wang et al. treated RAW264.7 cells with dif-
ferent doses of Banxia lectin and found that inflamma-
tory cytokines increased in a dose-dependent manner.
Moreover, strong toxic effects related to inflammation
were produced by long-term stimulation [30]. Com-
pared with the raw materials, the contents of alkaloids,
total saponins, nucleosides and other components of
Baifuzi were changed after the process. Besides, new
organic substances were generated, which promoted and
strengthened the therapeutic effect of processed product.
Significantly, the process of producing 5-hydroxymethyl-
furfural (5-HMF) by alumen water and heating could be
attributed to the sugar thermal degradation and Mail-
lard reaction of the sugars and amino acids of Baifuzi
itself under the action of temperature and PH. Although
5-HMF has some toxic and side effects, it also possesses
the effects of anti-oxidation and improving hemorheol-
ogy, which increases the efficacy of Baifuzi in treating
headache and vertigo of phlegm syncope. And 5-HMF
was further transferred into bis (5-formylfuryl) ether by
dehydration and condensation, which had antiviral, anti-
oxidant and inhibitory effects on Mycobacterium tuber-
culosis. Meanwhile, the formation of above two organics
has close association with the heating time and alumen
consumption [31, 32].

The agglutinin protein contained in Baifuzi was
degraded and denatured after being processed in alumen
water [21, 22]. In addition, the loss of water-soluble free
amino acids is relatively larger in the processing, the total
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amino acid content decreased by about 30% compared
with the crude product, and the liposoluble components
content increased, which was related to the alum fixation
of protein and the promotion of lipid synthesis [32-35].
Meanwhile, the content of total alkaloids decreased
greatly, which may be caused by the formation of solu-
ble salt between acid alumen water and alkaloids [34, 36,
37]. Nucleosides, a class of biomolecules easily dissolved
in water, their content was lower than that of raw product
[34, 36]. Besides, the content of total flavonoids and sapo-
nins decreased slightly, while that of polysaccharides did
not decrease significantly [36]. It is the same as Banxia
processed with alumen, the aluminum content in Baifuzi
processed with alumen is hundreds of times higher than
that in raw one, which is due to the large amount of alu-
minum ions introduced from alumen [32, 34].

Others
Generally, alumen is mainly used for processing
plants of the genus Araceae for reducing their toxic-
ity. Apart from the three typical medicinal materi-
als described above, the toxicity of Alocasia Macrorrhiza
(Haiyu), the dried tuber of Alocasia macrorrhiza (L.)
Schott, is also reduced due to the processing of alu-
men, while its antipyretic effect is weakened as well [38].
Cordate Pinellia Tuber (Dishuizhu), the dried tuber of
araceae plant Pinellia cordata N. E. Br., another kind of
Araceae plants, whose number of components with low
polarity and chemical composition changed little after
being processed by alumen. However, its high polar com-
ponents decreased significantly due to promotion disso-
lution of small molecular compound with high polarity
by the aluminium potassium sulphate in alumen [39].
Gardeniae Fructus (Zhizi), originate from the dry
ripe fruit of Gardenia jasminoides Ellis, has also been
reported to be processed with alumen. According to
Tang’s study, the content of active ingredients such as
total iridoid glycosides, geniposide, crocin I and crocin II
extracted from Zhizi with six edges had been increased
significantly after being boiled in alumen water [40]. Cor-
respondingly, their curative effect was enhanced as well.
However, there is some evidence that these ingredients
will be reduced after being processed with alumen [41].
The divergence could be attributed to the different vari-
eties or processing conditions. And all this has impor-
tant significance to the improvement of the processing
technology for the retention of active ingredients. In the
literature and traditional processing methods of Zhizi,
alumen water boilling has also been used to kill enzyme
and reserve glycosides [41]. Furthermore, alumen could
enhance the coloring of natural pigment, while the pig-
ments of Zhizi could be widely used in food and textile
industry [42]. Therefore, this method could reduce the



Liu et al. Chinese Medicine 2021, 16(1):143

environmental disruption to the quality of Zhizi due to
the component loss caused by storage time.

Talci pulvis

Talci pulvis is widely used as a TCM, which possess
the effect of diuresis, clearing away heat and detoxifi-
cation, collecting dampness as well as astringent sores.
Likewise, talci pulvis also plays an important role in
the processing of TCM from three aspects. First, toxic
and side effects of several toxic and irritating herbs
including Roudoukou, Strychni Semen (Magqianzi),
Aristolochia Manshuriensis (Guanmutong), Shuizhi
and Bufonis Venenum (Chansu) could be reduced. Sec-
ond, a synergistic action could be observed in some
medicinal materials when processed with talci pulvis,
such as Galli Gigerii Endothelium Corneum (Jineijin),
Ejiao, Pheretima (Dilong). Third, some animal medici-
nal materials including swim bladder, corium elephatis
and hedgehog skin were usually processed by talci pul-
vis in order to change the content of active ingredients
and make the texture crisp and convenient for prepa-
ration (Fig. 3).

The application of talci pulvis in processing has been
gradually developed according to the clinical require-
ment, although there were no relative records in
ancient times. Most notably, the processing method of
Hirudo with talci pulvis has been included in the ChP,
National Standard for preparation of Chinese Materia
Medica and the processing specifications of Guangxi,
Henan, Heilongjiang, Jiangxi and other provinces.
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While that of Ejiao was recorded in the processing
specifications of Hunan and Jiangxi Province [43, 44].

Myristicae Semen

Myristicae Semen, commonly known as ‘Rou-dou-kou’ in
Chinese, is botanically from the seed kernel of Myristica
fragrans Houtt. As a kind of major active component in
Roudoukou, volatile oils bring us not only antibacterial,
anti-inflammatory, anti-oxidation and other therapeu-
tic effects but also intestinal sliding and toxic irritation.
Although the raw material shows a variety of pharma-
cological activities, overdose can also lead to varying
degrees of toxicity. Several literatures have reported that
its toxic dose is 5 g, but some researchers have found that
the 1-2 mg/kg of Roudoukou is enough to cause neuro-
toxicity. In addition, its hepatotoxicity, carcinogenicity
and cytotoxicity that is closely related to its main active
components (myristicin, safrole, engenol, elemicin, etc.)
has also been reported [45]. Therefore, proper process-
ing is beneficial for retaining its efficacy and reducing its
stimulation. Among the constituents which contained in
Roudoukou, monoterpenoids and aromatic compounds
rank the first two place. Monoterpenoids were degraded
or volatilized due to the high temperature with talci pul-
vis processing, while the content of aromatic compounds
increased. In addition, destroyed hydroxyl structure and
conversion into monoterpenes without oxygen atoms
may lead to the decrease of efficacy [46]. As for the vola-
tile oils, the content of myristicin, eugenol, isoeugenol,
safrol and methyl eugenol was increased after being pro-
cessed with talci pulvis [46, 47]. Among them, myristicin

(T aeTTh e )
: 3 3 z
o
N
7 NH B
SN
8 NTH Hs
.3
g Hypoxanthine Terpinene
24 OH
H;C
Myristic acid 4-methylphenol

O <)
YR L @
5‘):{ TAY So @
g ’
&L s A o
Wy
o /o T

Polysaccharide| Ligustilide| Ferulic acid|

OH
HyC

2-methoxylphenol

______________________________

‘ > Antuhalm | > Intestm

SD/OCH: ; OCH; No

Isoeugenol Myristicin

Eugenol

\ ‘Water soluble sugars?t /

Fig. 3 Effect of Talci Pulvis on the processing of traditional Chinese Medicine




Liu et al. Chinese Medicine 2021, 16(1):143

exhibited resistance against hepatic lipid peroxidation
but hallucinogenic, eugenol and isoeugenol possessed
antioxidant activity, safrol and methyl eugenol had car-
cinogenic and genotoxic effects. However, some studies
showed that the content of myristicin decreased after
processing with talci pulvis and that of safrol changed
irregularly, which may be attribute to the variation in
processing time and temperature [48, 49]. If the pro-
cessing time was too short, the content of myristicin
has instead increased [49]. The results indicated that the
processing conditions showed great effect on its curative
effect and toxicity.

Moreover, the property of talci pulvis is not consist-
ent with the antidiarrheal effect of Roudoukou, so the
efficacy, toxicity and other factors should be considered
before we decide whether to use talci pulvis to process
Roudoukou. It has been reported that the content of vol-
atile oils in Roudoukou showed a trend of "first decreased
and then rose" along with decreased particle size and
increased dosage of talci pulvis [47]. These phenomena
may be related to the heat transfer rate, particle size of
powder, adsorption and other factors. While the stabil-
ity of dehydroisoeugenol is less affected by these factors
[47]. In addition to the effect on volatile oils, content of
some inorganic elements such as Fe, Mn, Zn, Cu, Ca,
Mg, Cr, Ni, Co and Po were also increased [50]. Briefly,
appropriate processing conditions with talci pulvis could
reduce the irritation and increase the content of effec-
tive components of Roudoukou, reasonable and unified
processing technology that ensures the therapeutic effect
need further study.

Toxic herbs
Some herbs containing toxic components were usually
processed with talci pulvis for detoxification. Metal ele-
ments are widely regarded as toxic ingredients of Shu-
izhi, Pb, Cd and Hg contained therein were decreased
after processing [51]. Hirudin, a major active ingredient
of Shuizhi that affects its thrombolytic effect, its content
was also reduced [51-53]. Instead, the content of amino
acid in processed Shuizhi was obviously higher than
that in raw products because proteins were more likely
decomposed into small peptide and free amino acid at
high temperature [51, 53, 54]. There are other studies
showed that hypoxanthine increased significantly after
processing [51, 53, 54]. Besides, some trace elements
were also affected, the content of Ca and Mg increased,
while that of Zn, Mn, Cu and Fe decreased [51]. Mean-
while, some volatile components were lost along with the
produce of new ones [51, 55].

It is noteworthy that although the toxicity of Shuizhi is
reduced due to the processing of talci pulvis, the efficacy
of Shuizhi and some other toxic TCM were also affected
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accordingly. For example, bufogenin and resibufogenin
in Chansu, strychnine and brucine in Magqianzi, which
are all active but toxic, could be reduced after processed
with talci pulvis [56—59]. Guanmutong, a controversial
medicinal material with severe nephrotoxicity, had been
removed from the ChP, because of its toxic component
aristolochic acid A, which can be destroyed about 40%
by the high temperature processing of talci pulvis [60].
Therefore, the appropriate technology for reducing the
toxicity and retaining the efficacy when processing toxic
herbs with talci pulvis should be given in the future
research.

Others

In addition to reducing toxicity, enhancing the efficacy is
also a mechanism of talci pulvis application. For exam-
ple, a synergistic role could be observed when Jineijin
and Pheretima was used for stranguria, heat-clearing
and diuretic, respectively [61, 62]. The reason why Jinei-
jin is used for digestion after processed with talci pulvis
is probably related to the increase of protease activity,
but the amylase activity is lower than that of raw prod-
uct [62]. It can be inferred that processed Jineijin is more
suitable for the indigestion that caused by eating too
much food with high protein content. Besides, the con-
tent of total and essential amino acids in Ejiao increased
apparently after processing with talci pulvis, along with
its enhanced hemostatic and blood-enriching effect [63].
The mechanism may be associated with the magnesium
silicate contained in talci pulvis, which not only promote
the produce of a large amount of colloidal protein and
calcium salt but also enhance the present convergent,
absorption, promoting blood coagulation and reducing
bleeding effect [64].

When talci pulvis is used as a processing auxiliary
material, it acts as an intermediate heat transfer body
with strong fluidity and fine powder, which is suitable
for processing animal medicinal materials with strong
toughness. The smashing rate and protein content of the
swim bladder are closely related to the dosage of talci
pulvis. Generally, more talci pulvis is associated with
fuller swim bladder glue swell, higher grinding efficiency
and more preserved protein [65]. After processing, some
new volatile components such as 3,4,5-trimethoxytolu-
ene, a-gurulene, 3-methyl biphenyl and caryophyllene
oxide were produced by the swim bladder and hawksbill
shell along with the loss of volatile components 2-decen-
nal, myristic aldehyde, cedarene and valenciennes [55].
Moreover, the content of amino acids in corium elephatis
increased after processing, while that in dog testes and
penis and hedgehog skin decreased, which was related
to heating time and temperature [66—68]. It is also note-
worthy that these animal medicinal materials are not
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commonly used in clinical in view of wildlife conserva-
tion, although included in some local standards. In gen-
eral, we used this method to process animal medicinal
materials mainly because we can mask the disagree-
able odors and make them crisp for decocting the active
ingredients. There are also other examples that processed
with talci pulvis. For example, the effect on invigorating
spleen and relieving diarrhea of Puerariae Lobatae Radix
(Gegen) is strengthened after processing with talci pulvis.
The phenomenon is mainly resulted from the increased
content of total flavonoids [69]. Moreover, processing
these herbs with talci pulvis remain one of the most pop-
ular approaches recorded in some provincial processing
standards, although have not yet been included in ChP.

Soil

In traditional Chinese medicine processing, the soil could
be used as medicine to stop bleeding, nausea and diar-
rhea. Normally, the soil we use is the burnt loess in the
stove where farmers burn firewood. We call it “Zao-xin-
tu’, also known as “Fu-long-gan” Many alternatives are
virtually used due to its rareness. After being roasted in
the soil, many medicinal materials possessed the func-
tions of soothing the stomach, stopping vomiting and
diarrhea as well as reducing gastrointestinal irritation.
The main reason is that the mineral and inorganic salts
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of the soil could be decomposed into a variety of basic
oxides after being heated and refined at high tempera-
ture, which neutralized gastric acid and play a role of heat
conduction as well [70]. In general, drugs with spleen-
tonifying and antidiarrheal effects need to be stir-fried
with soil, such as Danggui, Baizhu, Baishao, Yiyiren,
Dioscoreae Rhizoma (Shanyao) and so on (Fig. 4).

Products of Danggui, Baizhu, Baishao, and Yiyiren
that stir-fried with soil were recorded in historical docu-
ment Bencaohaili( {/RHEFEF|Y ), Depeibencao( (1S
KEY ) [71], Qianjinyifang ( (T4&¥ ) ) [72], Ben-
caomengquan( (AR5 Z%) ) [73] and Bencaocongxin(

(AREMNHY ) [74], respectively. And they were also
included in the ChP and some local regulations as shown
in Table 1.

Angelicae Sinensis Radix

Angelicae Sinensis Radix, commonly known as ‘Dang-
gui’ in Chinese, is botanically from the dried root of
umbelliferae plant Angelica sinensis (Oliv.) Diels. It could
be used to nourish blood, promote blood circulation,
regulate menstruation, relieve pain, moisten intestines
and defecation. Volatile oils served as a kind of its major
active component. After stir frying, the volatile compo-
nents of Danggui, such as ligustilide, senkyunolide I, sen-
kyunolide H and senkyunolide A, were destroyed and
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lost due to high temperature [75]. Yet it’s worth noting
that part of the efficacy was weakened by the reduction of
volatile oils when compared with crude herbs, irritation
of medicinal materials was also alleviated. Besides, the
content of chlorogenic acid increased due to its improved
solubility in organic solvent at high temperature, while
that of ferulic acid decreased on account of the thermal
instability [75]. As for coniferyl ferulate, whose con-
tent was increased because the activity of its degrading
enzyme was destroyed with the increase of temperature
[75].

Angelica sinensis polysaccharide, a kind of water-
soluble macromolecular component, has the effects of
improving blood system, promoting immunity, anti-
tumor and anti-radiation. After processing, the content
of water-soluble sugar, reducing sugar and polysaccharide
in Danggui was lower than that in raw product because
of carbonization by high temperature, but the decrease
was not significant [76]. In addition, formic acid, acetic
acid and 1-ethoxypropane showed a relative upward ten-
dency, while N-butylphthalide and N-butenylphthalide
decreased significantly [77]. Some studies showed that
the content of volatile oil in Danggui decreased signifi-
cantly after being processed with soil, which could alle-
viate the irritant intestines, reduce the toxic and side
effects, and improve its spleen-tonifying, antidiarrhea,
anti-inflammation and hepatoprotective activity [78, 79].

Atractylodis Macrocephalae Rhizoma

Atractylodis Macrocephalae Rhizoma, commonly known
as ‘Bai-zhu’ in Chinese, is botanically from the dried rhi-
zome of compositae plant Atractylodes macrocephala
Koidz., which could strengthen spleen, replenish Qi, dry
dampness and promote diuresis. Atractylenolides, atrac-
tylone, volatile oils and polysaccharides are the major
active components of it. After processing with soil, the
content of atractylenolide I, II and III increased, while
that of atractylone decreased [78]. The main reason is
that Baizhu became loose after crushing, atractylone was
oxidized into atractylenolide I, III and biatractylolide
by contacting with oxygen, and atractylenolide III was
further transformed into atractylenolide II during the
heating dehydration process [79, 80]. Meanwhile, the
decrease of atractylone contributed to reduced stimula-
tion [79]. The content of polysaccharide, the main com-
ponent of invigorating the spleen and stopping diarrhea,
had no significant change, while the content of water-sol-
uble sugar increased significantly. Similarly, other com-
ponents such as elemene, palmitic acid and linoleic acid
increased significantly [78].
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Paeoniae Radix Alba

Paeoniae Radix Alba, commonly known as ‘Bai-shao’
in Chinese, is botanically from the dried root of ranun-
culaceae plant Paeonia lactiflora Pall..It could be used
to nourish blood and regulate menstruation, astringe
Yin and stops weating, soften liver and relieve pain as
well as stabilize liver yang. Paeoniflorin and albiflorin,
two major ingredients of Baishao recorded in ChP, were
slightly increased after being fried in soil [80]. There
were other studies, though, which reported the content
of paeoniflorin was lower than that of raw products
[81, 82]. The phenomenon was caused partly by the
decomposition of paeoniflorin into albiflorin under the
catalysis of high temperature conditions and auxiliary
ingredients [81]. Therefore, different processing con-
ditions lead to the different contents of active ingredi-
ents. Recently, some scholars compared the antioxidant
capacity of raw and processed products of Baishao. The
antioxidant capacity of processed one is stronger in
view of the increased gallic acid and benzoic acid after
soil processing [82]. Likewise, spleen-strengthening
and anti-diarrhea effect of Baishao was also enhanced.
This is a result for the one side from the assist of the
effective components by the trace elements in soil, and
for the other side from the its own hemostasis and anti-
vomiting characteristics of soil during cooling and anti-
diarrhea process [80].

Others

Process with soil usually changes the active ingredi-
ents and enhance the curative effect of some TCM with
spleen-strengthening activity. Take Yiyiren as an exam-
ple, its dissolution of oil components and the content
of triglyceride was increased due to the looser texture
after the process with soil [80]. Moreover, the relative
increased lactones and changed the oil composition was
also observed owing to the absorption effect of soil. As
for Lablab Semen Album (Baibiandou), the content of
protein and free amino acid were increased accompa-
nied by the decrease of total phospholipid and lectin after
process [83]. Accordingly, its effect on regulating gastro-
intestinal hormone level, strengthening spleen and stop-
ping diarrhea was enhanced. There are also some reports
of Chenpi that have been processed with soil, whose con-
tent of hesperidin was increased [84]. However, content
of polysaccharide, allantoin and phospholipid of Shan-
yao decreased because of the high temperature [80, 85].
Apart from the above cases, trace elements in Atracty-
lodis Rhizoma (Cangzhu) were also changed. The levels
of Fe, Cr, Ti, Al and TL increased by 2~4 times, while
that of Cu, Na, Mg, Sr, Ba, Cd and Li decreased by 2-3
times [86]. Besides, the content of aromatic compounds
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in Roudoukou changed greatly, except for the decreased
myristate and increased safrole, a new component
a-asarone was produced accordingly [46]. Besides, soil
process could make the rubber filament of Eucommiae
Cortex (Duzhong) easier to break and improve the pecu-
liar smell of GGEC [87, 88].

Soda lime

Soda lime is a mixture of calcium hydroxide, sodium
hydroxide or potassium hydroxide, which could also be
used as pharmaceutical excipients that reduces toxic
components in the processing of TCM. The medicinal
materials processed with soda lime are Guanmutong,
Banxia and other araceae plants (Fig. 5). The processing
of Banxia with soda lime water can be traced back to the
Ming Dynasty, which is recorded for the first time in the
Yaoxingcuping( (ZjPEFHVE) ). In addition, they were
also mentioned in Yaoxinghuiyuan( Zjf£2:76) ) and
Bencaogangmushiyi( (AR BHIGED ) [5]. At present,
the pharmaceutical standard of soda lime water-process-
ing Banxia has been included in the ChP. The processing
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method of Tiannanxing with soda lime water can be
found in the work Xianshoulishangxuduanmifang( {{ll
PEHAR SR ) ) ) of the Tang Dynasty[89]. SS pro-
cessed with soda lime water is a folk method. When used
in Yangjiang area, the toxicity of it can be greatly reduced
[90].

The detoxification mechanism of processing Banxia by
soda lime water was similar to that of processing it with
alumen. Moreover, the alkaloids and proteins, two kinds
of effective and toxic components in Banxia, were also
decreased [10, 91]. The change of trace elements is illus-
trated by the increase of Zn content and production of
new element Ni [10]. Miao medicine Arisaema Rhizoma-
tum (Banjielian), which is the dried tuber of araceae plant
Arisaema rhizomatum C.E.C. Fischer. When processed
by soaking or steaming in soda lime water, the content
of total flavonoids in Banjielian decreased significantly,
while that was increased when dry soda lime was used
[92].

Dishuizhu has strong irritation to the mucous mem-
brane of eyes, throat, intestines and stomach, so its
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processed products are used in clinic for its lower toxic-
ity and resistance. After processed with soda lime water,
the number and content of the chemical components in
Dishuizhu were both affected, and the decreased content
of total alkaloids, uridine and adenosine in which is most
obviously [39]. The reason for the results may be that
toxic components were mainly small molecules of acidic
components and could be removed by the neutralization
with soda lime water. In alkaline solution, meanwhile, the
loss of uridine and adenosine is large [39].

As we mentioned above, aristolochic acid A is the toxic
component of Guanmutong, which was usually pro-
cessed with talci pulvis. Significantly, its toxicity could
also be reduced by boiling or steaming with soda lime
water in view of the reaction with strong alkali supported
by soda lime water [60]. Soda lime water can also reduce
the toxicity of other herbs, such as Paridis Rhizoma
(Chonglou), Haiyu, and Magqianzi. However, their detoxi-
fication mechanism is still unclear, which needs further
study [93, 94]. Promoting the formation of active ingre-
dients is another processing mechanism of soda lime
water. Indigotin, an active component of Indigo Naturalis
(Qingdai) was formed and enriched by the promotion of
soda lime water through providing alkaline environment,
CO, and carrier [94].

Some literatures also mentioned the enhanced antidi-
arrheal and anti-inflammatory effect of guava leaf and
holly leaf and reduced toxicity of Huechys (Hongniangzi)
by processed with soda lime. Besides, soda lime could
also prolong the storage life of Dilong by providing strong
alkaline and hygroscopic environment [95].

Halloysitum Rubrum
Halloysitum rubrum is a silicate mineral, which has the
effect of astringent intestines, hemostasis, myogenesis
and sores, and is often used as a processing excipient for
soil frying in the process of TCM processing [96].
Roudoukou could be processed by halloysitum rubrum
for both reducing the side effects of diarrhea caused by
absorption of oil and increasing the antidiarrheal effect
[97]. Likewise, immunity, anti-oxidation, anti-inflamma-
tory and anti-cancer effects of Baizhu were also enhanced
by halloysitum rubrum for the increased effective com-
ponents atractylenolide III and polysaccharide, especially
the atractylenolide III, whose content was about 3-4
times higher than the raw product [98].

Cinnabaris

Cinnabaris is a kind of sulfide mineral medicine, which
has the effects of clearing the heart, calming the mind,
brightening the eyes and deintoxication, but is toxic. Cin-
nabaris is usually prepared by elutriation to reduce the
content of sulfur and calcium, so as to reduce toxicity and
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improve cleanliness. Although the toxicity of cinnabaris
is reduced after processing, it is rarely used as an excipi-
ent when processing TCM due to the dosage that need
to be controlled. The method of processing Maidong with
cinnabaris was recorded in the reading of Bencaobiandu(

(AFAHEEL) ) in the Qing Dynasty, and the use of cin-
nabaris mixed Maidong appeared in Wujutongyian(
REPEEZR)Y ) and Bencaohaili( {A%FEF]) ) for the
first time[99]. There is little discussion on the tracing
of ancient books on processing Yuanzhi with cinnaba-
ris, but some documents mention that this processing
method has been used since ancient times and is still in
use at present [100, 101].

Generally, it could be used to process some TCM with
anti-anxiety and psychotherapeutic activity on the prem-
ise of paying attention to the usage and dosage. Studies
had shown that, after processing, the content of cyclose-
negenin in Yuanzhi was 6 times higher than that of the
raw product, while that of senegenic acid and senegenin
was basically unchanged [102]. Some studies have ques-
tioned the method of processing Maidong with cinna-
baris [103], mainly because of its toxicity and decreased
total flavonoids after process [104]. Overall, the process-
ing technology of cinnabaris used for preparing TCM
should be further standardized in order to ensure the
efficacy and reduce the side effects, which realize its full
synergy potential.

Future perspective

To sum up, mineral excipients play an irreplaceable role
in the processing of TCM. Among them, alumen and
soda lime mainly work at reducing the toxicity of the
main drug, but the effective components will also be
affected, and thus bring weaker curative effect than that
of raw products. Talci pulvis are usually used for process-
ing some medicinal materials containing volatile oils,
which relieve gastrointestinal irritation under the prem-
ise of ensuring the efficacy and degrade the toxic com-
ponents of some toxic medicinal materials under high
temperature. In addition, some animal medicinal materi-
als could also be deodorized and flavored after process-
ing with talci pulvis, which make their texture crispy and
convenient for dispensing. Soil possessed anti-emetic,
astringent and hemostatic effects for gastric. It is gen-
erally used as auxiliary materials to process herbs with
spleen-strengthening and antidiarrhoeal effects and the
mechanism was related to enhancing the efficacy and
alleviating the irritation through changing the content
and composition of volatile oils in herbs. Halloysitum
rubrum, as an alternative to the soil, exhibited astringent
intestines and antidiarrheal activity by reducing the oil
content of medicinal materials. Cinnabaris is an auxiliary
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material that enhances the heart-clearing and sedative
effect of herbs and should be used cautiously due to its
toxicity. However, due to their own particularity and
affect by various factors, investigated in many aspects
including processing technologies, quality standards of
mineral excipients and processing mechanism need fur-
ther study and discuss.

a. Standardization of processing methods

The processing methods including processing tem-
perature, time, acid—base environment and dosage of
excipients need to be standardized, so that the effec-
tive components of medicinal materials could be fully
retained without increase or decrease inconsistently,
which greatly ensures the effectiveness of medicinal
materials. Besides, the toxic components of many
drugs are also active ingredients. How to retain the
maximum effectiveness and reduce the harmfulness
as much as possible needs to start from the process-
ing technology for unified specification. Standardiza-
tion of processing technology can better control the
quality standard of processed medicinal materials.

b. Quality control of mineral excipients
Some mineral excipients such as cinnabaris are
toxic or harmful to the human body. Hg*", HgCl,
Hg (CH,COOH), and other trace elements such as
Ba, Sb are the main toxic components of cinnabaris
[105]. Their metabolism is slow and easy to cause
heavy metal accumulation, resulting in liver and kid-
ney injury. Moreover, aluminum accumulation of alu-
men will affect the development of bone cells [106]
and could even lead to visual, memory and other
neurological disorders like Alzheimer’s disease [107].
Thus, their content, purity and dosage are necessary
to control when used as excipients, which help to
reduce the loss of effective ingredients and residues
of harmful substances.

c. In-depth study on processing mechanism
For now, the variety in the content and composi-
tion of active ingredients from many herbs before
and after excipients processing is still unclear
with inferred results. Significantly, the mechanism
research should be combined with pharmacologi-
cal research in order to explore which are the active
ingredients, how to reduce component loss and tox-
icity as well as better processing technologies.

d. Study on the processing of medicine food homology
plants
Some medicine food homology plants including
Shanyao, Yiyiren and Baizhu were usually fried with
soil. After processing, their spleen-strengthening
and antidiarrhoeal effects on stomach had been
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increased. When used as food, however, whether
their soil fried products with increased efficacy could
be used and how to define the quality standards need
in-depth discussion.

Conclusion

The processing of TCM has received more and more
attention with the development of analytical technology
and toxicological research. As an important part of the
processing field, the mineral excipients have played an
essential and indispensable role in TCMs application. In
this review, the significance of mineral excipients includ-
ing alumen, talci pulvis, soil, soda lime, halloysitum
rubrum and cinnabaris on TCMs has been summarized
from the insight into the components, pharmacodynam-
ics and mechanism, which not only supply comprehen-
sive information on how to balance the necessity and
relative merits and disadvantages of mineral excipients
in clinical application, but also provide a reference for
exploring better processing excipients and technology so
as to reserve the efficacy as well as reduce toxic and side
substances to the human body.
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