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Abstract
Unprocessed dried tuberous root of Pinellia ternata (Pinellia Tuber) has been used as a component of traditional Japanese 
Kampo medicine, while this crude drug is usually used after processing with Ginger in traditional Chinese medicine (TCM). 
It is known that the raphides contained in unprocessed Pinellia Tuber can induce severe acrid irritation of the oral and lar-
yngopharynx mucosa when it is boiled insufficiently. However, the mechanism of the inducing irritation by the raphides nor 
that of the detoxification by heat or processing with Ginger have been left unclear, mainly because of the difficulties in the 
extraction and the purification of the raphides and in the assays of acridity. In this study, we developed an easy protocol that 
can be used to collect raphides from unprocessed Pinellia Tuber and an assay protocol that can be used to evaluate the acrid-
ity of the raphides in vitro. The raphides of Pinellia Tuber were discovered to have a lipophilic character and to be collected 
easily by the extraction using petroleum ether. It was also found that the denaturation of the raphides could be assayed by 
the dispersity of them in petroleum ether layer of the water/petroleum ether partition, and the acridity of the raphides was 
found to be in correlation with the assayed denaturation. The raphides were denatured by heat, methanol, or Ginger extract 
and the denaturing activity of Ginger on raphides was found to be attributable to its lipophilic and thermostable components, 
which may explain the meaning of the processing of Pinellia Tuber with Ginger in TCM, and may lead to the development 
of an easier and safer protocol to administer Pinellia Tuber. In addition, it was found that rinsing the mouth with salad oil 
can effectively relieve irritation of the oral mucosa caused by unprocessed Pinellia Tuber, probably due to the lipophilicity 
of the raphides.
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Introduction

The Japanese Pharmacopoeia defines Pinellia Tuber as 
the dried tuberous root of Pinellia ternata, and describes 
Pinellia Tuber as having a strong acrid taste [1]. In tradi-
tional Japanese Kampo medicine, Pinellia Tuber is used 
as a component of Kampo formula, such as Shoseiryuto 
(Xiaoqinglongtang), Hangekobokuto (Banxiahoupotang), 
and Unkeito (Wenjingtang), and Pinellia Tuber is reported 
to contain homogentisic acid, 3,4-dihydroxybenzaldehyde, 
polysaccharides, calcium oxalate, etc. [2]. The Chinese 
Pharmacopoeia has a similar definition of Pinellia Tuber, 
and describes it as having a pungent taste with a numb-
ing and irritating sensation, and that its property is warm, 
pungent, and toxic [3]. Indeed, unprocessed Pinellia Tuber, 
or its insufficiently boiled decoction, causes acrid irrita-
tion of the oral and laryngopharynx mucosa when taken 
by mistake. Because the irritation is so severe, the Chinese 
Pharmacopoeia adopts the term “toxic” [3], and the text-
book of traditional Chinese medicine categorizes Pinel-
lia Tuber as a toxic substance, like the unprocessed root 
of Aconitum carmichaelii or the seed of Croton tiglium, 
and states that it should be used after detoxification [4]. 
The Chinese Pharmacopoeia lists three types of processed 
Pinellia Tuber; prepared Pinellia Tuber refers to dried 
Pinellia Tuber after decocting in water containing licorice, 
Pinellia Tuber prepared with alum, which is dried Pinellia 
Tuber after soaking in alum solution, and Pinellia Tuber 
prepared with Ginger, which is dried Pinellia Tuber after 
decocting in water containing Ginger [3, 5]. Conversely, 
in traditional Japanese Kampo medicine, Pinellia Tuber 
is not recognized as toxic and is mostly used in an unpro-
cessed form. However, it is recommended that Pinellia 
Tuber is decocted sufficiently, and preferably with Ginger 
to remove its acridity.

Many discussions have focused on the acridity of Pinellia 
Tuber. Homogentisic acid, 3,4-dihydroxybenzaldehyde, and 
calcium oxalate had been listed as the causing substances of 
the acridity. However, recent studies strongly suggested that 
the acridity of Pinellia Tuber was mainly caused by insoluble 
needle-like crystals, called raphides; these mainly consist 
of calcium oxalate [6, 7]. Additionally, the raphides were 
reported to contain protein as well as calcium oxalate, and 
proteins isolated from the raphides could induce eye inflam-
mation in rabbits without the raphide crystals [8]. It has also 
been reported on the raphides of taro, a Colocasia species, 
which are similar to those of Pinellia Tuber that the acridity 
was lost by the protein digestion without any morphological 
change in the raphides under a light microscope observa-
tion, and it was proposed that acridity might be caused by 
the sharp raphides penetrating the mucous membrane and 
transporting the inflammatory protein [9].

It is empirically known that the acridity of Pinellia Tuber 
is decreased by heat, or by processing with alum or Gin-
ger. The interaction of Pinellia Tuber with alum leads to 
solubilization of the raphides by the exchange of calcium to 
aluminum in the oxalate crystals [10]. However, very little 
progress has been made on understanding the mechanism of 
decreasing acridity by heat and especially via interactions 
with Ginger. The following factors may have made it dif-
ficult to analyze the raphides of Pinellia Tuber: (1) raphide 
insolubility, (2) difficulty purifying raphides due to the large 
amount of starch grains in Pinellia Tuber, and (3) the need 
to assess acridity by performing a gustative bioassay in vol-
unteers, which is not very convenient and forces them to 
experience irritation.

Referring to a previous report on raphides in taro leaves 
[9], we established a protocol to purify the raphides of Pinel-
lia Tuber, and obtained data on their characteristics, stability, 
and their interactions with other crude drugs.

Materials and methods

Materials

All crude drugs used were under the quality control of the 
17th edition of the Japanese Pharmacopoeia [1]. Pinellia 
Tuber, the dried root and stolon of Glycyrrhiza uralensis 
(Glycyrrhiza), the dried rhizome of Cnidium officinale 
(Cnidium Rhizome), the dried rhizome of Atractylodes 
japonica (Atractylodes Rhizoma), the dried sclerotium 
of Wolfiporia cocos (Poria), the dried bark of Magnolia 
obovata (Magnoliae Cortex), the dried tips of branches 
of Perilla frutescens var. crispa (Perillae Herba), and the 
dried rhizome of Zingiber officinale (dried Ginger) were pur-
chased from Tochimototenkaido (Osaka, Japan), and sup-
plied in cut-form with about 5 mm pieces. The fresh ginger, 
grown at Kochi prefecture, and salad oil were purchased at 
a supermarket in Niigata, Japan in 2018.

Petroleum ether extraction from the raphides 
in Pinellia Tuber

The sliced dried Pinellia Tuber (25 g) was immersed in puri-
fied water (30 ml) for 4 h to absorb water. The liquid water 
was drained and then petroleum ether (PE, 50 ml) was added 
and homogenized using an electric mill (Y-308B, Yamamoto 
Denki, Fukushima, Japan) for 1 min. Cloudy suspension liq-
uid containing raphides was quickly transferred into a beaker 
leaving the pasty residue in the mill. Fresh PE (50 ml) was 
added to the residue and re-homogenized using the mill, the 
liquid was transferred into the same beaker. The procedure 
was repeated three times, and all liquids were combined. The 
beaker was kept still for 1 h to let the raphides precipitate. 
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Then the supernatant liquid was removed, and the precipi-
tate was washed twice with fresh PE (40 ml), and then re-
suspended in 20 ml of fresh PE and stored at − 20 °C in 
glass vials. The suspension was named the petroleum ether 
extraction (PEX) suspension, and was used in the following 
analysis.

Preparing decoctions of the crude drugs

Each 6.0 g of Glycyrrhiza, Cnidium Rhizome, Atracty-
lodes Rhizome, or dried Ginger and purified water (32 ml) 
were sealed in a plastic centrifuge tube (50 ml), and were 
incubated in boiling water for 30 min, then filtered quickly 
through a stainless mesh (30 mesh) and stored at 4 °C. The 
decoctions were used within 24 h after the preparations. A 
part of the decoction was lyophilized, and the fingerprint 
patterns of the extracts are shown in Supplemental Figures.

Extraction of lipophilic components from dried 
Ginger and Atractylodes Rhizome

PE (1.5 ml) was added to the decoctions (1.5 ml) of dried 
Ginger or Atractylodes Rhizoma prepared as described 
above, shaken vigorously, centrifuged at 112 × g for 5 min, 
and then the PE layer was collected. Fresh PE was added to 
the lower layer, and this procedure was repeated four times; 
all the PE layers were combined and evaporated by standing 
in boiling water.

Preparation of fresh ginger juice

Fresh ginger (105 g) was grated and squeezed. The juice was 
filtered through cotton gauze, and centrifuged at 1.0 × 103 × g 
for 10 min to precipitate starch grains. The supernatant was 
divided into two tubes. One tube was sealed and incubated 
in boiling water for 30 min to prepare boiled ginger juice.

Reactions of Pinellia Tuber powder and crude drug 
decoctions, powdered dried Ginger, or ginger juice

Powder of Pinellia Tuber or dried Ginger was prepared 
by milling them for 1 min using an electric mill (Y-308B, 
Yamamoto Denki, Fukushima, Japan). Pinellia Tuber pow-
der (0.7 g) and crude drug decoction (2.0 ml) were dis-
pensed into a test tube, and purified water was added to a 
total volume of 6 ml. After mixing vigorously, the samples 
were incubated at 4 or 40 °C for 15 min to 2 h. In another 
experiment, Pinellia Tuber powder (0.7 g) and dried Ginger 
powder (0.7 g) were mixed and purified water was added to 
a total volume of 6 ml, then incubated at 40 °C for 2 h. The 
reaction suspensions were centrifuged at 18 × g for 10 min, 
and the supernatants containing the raphides were collected. 
Purified water (8 ml) was added to the precipitate, mixed 

vigorously, re-centrifuged, and the second supernatants 
were collected and combined with the first. The combined 
supernatants were centrifuged at 1.0 × 103 × g for 10 min to 
precipitate the residue containing raphides. After removing 
the supernatant, the residues were re-suspended in purified 
water (3 ml) for subsequent use in the denaturation assay.

Raphide denaturation assay

Petroleum ether (3–4 ml) was added to an equal volume of 
aqueous samples prepared in the above section containing 
the raphides and shaken vigorously. The samples were kept 
standing for 15 min at room temperature, and then the upper, 
middle, and lower layers appeared. Then, the samples were 
shaken gently to raise the cloud of raphides from the mid-
dle layer in the upper layer. Thirty-microliters of the upper 
layer containing the raphide cloud were collected after 10 s 
of light shaking and dropped onto a slide glass. The sam-
ples were dried and observed using a light microscope at 
140× magnification.

Gustatory test

A gustatory test was performed in three healthy volunteers. 
The procedures were approved by the ethical committee in 
Toho University School of Medicine with permission code 
#A19081. Written informed consent was obtained from all 
individual participants included in the study. Aqueous sam-
ple suspensions (0.5 ml) were kept in the mouth of healthy 
volunteers for 1 min before being expelled. The acridity was 
determined after 10 min based on the irritation.

Preparation of Hangekoubokuto 
(Banxiahoupotang) immersion

Hangekoubokuto (banxiahoupotang) immersion was pre-
pared using the immersion of powdered crude drugs (IPCD) 
method [11]. Pinellia Tuber (6.0 g), Poria (5.0 g), Magnolia 
Bark (3.0 g), Perillae Herba (2.0 g), and dried Ginger (1.0 g) 
were mixed and milled for 1 min. The powdered crude drugs 
(7.5 g) were immersed in boiled water (200 ml) and stirred 
vigorously for 20 s. Then, the immersion was stood for 4 min 
to precipitate the powder, and the supernatant was poured to 
prepare the Hangekoubokuto immersion.

Results

The extraction of raphides from Pinellia Tuber

The low-speed centrifugation protocol has been used to 
isolate raphides from Pinellia Tuber [7]. However, the cen-
trifugation conditions were not clearly reported; therefore, 
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we attempted several centrifugation conditions in a prelimi-
nary study. When the suspension of Pinellia Tuber powder 
in water was centrifuged at milder conditions less than 
4.5 × g for 10 min, the intermingled starch grains were 
hardly removed. At more intensive conditions than 72 × g 
for 10 min, the raphides and starch grains were both precipi-
tated. Finally, we adopted the condition for the low-speed 
centrifugation as 18 × g for 10 min to separate the raphides 
in the supernatant and starch grains in the residue (Fig. 1a, 
b). However, a considerable amount of the starch grains was 
still observed among the raphides in the supernatant of the 
low-speed centrifugation, and no increase in the degrees 
of purification was observed by the repeated re-suspension 
and re-centrifugation. Therefore, we applied the PEX pro-
tocol, which was once reported to isolate raphides from 
taro leaves [9]. A fair amount of the raphides almost free 
from the contamination of starch grains was easily obtained 
by the PEX protocol (Fig. 1c). Then, the PEX suspension 
was dried under the stream of air at room temperature and 
re-suspended in the purified water (Fig. 1d) to perform 
the gustatory test. As shown in Table 1A, it was found 
that very intense acridity was retained by the PEX raphi-
des. It was also found that when the PE was added to the 
aqueous suspension of the raphides obtained by low-speed 

centrifugation, the raphides still migrated to the PE layer 
(data not shown).

The characteristics of the raphides of Pinellia Tuber

When PE and purified water were added together to the PEX 
suspension in a tube and shaken vigorously, almost all the 
raphides had dispersed in the PE layer (Fig. 2a), then kept 
standing for 20 min, the raphides in the PE layer slowly set-
tled to the interfacial surface between water and PE layer to 
form the middle layer (Fig. 2b).

Subsequently, the PEX raphides were treated in various 
conditions to see their stability. First, the PEX suspen-
sion was dried by air-blowing at room temperature, and 
re-suspended in purified water. The aqueous raphide sus-
pension was sealed in test tubes, and incubated for 30 min 
at 100 °C or at room temperature. The observation using 

Fig. 1  Photos of raphides extracted from Pinellia Tuber. Pinellia 
Tuber powder (1.0  g) was suspended in purified water (10  ml) and 
stirred for 10 min (a). The suspension was centrifuged at 18 × g for 
10 min, and the supernatant was collected. Then, the supernatant was 
centrifuged at 1.0 × 103 × g for 10 min and the precipitate was re-sus-
pended in purified water (0.5 ml) (b). The original suspension con-
tained many starch grains (a), which were partially removed by cen-
trifugation (b). The suspension was prepared using the PEX protocol 
described in “Materials and methods” (c). Using the PEX protocol, 
most of the starch grains were removed, and the raphides were well 
extracted from Pinellia Tuber (c). This suspension was dried and re-
suspended in an equal volume of purified water (d), which could then 
be used for the gustatory test. The images were obtained using a light 
microscope at × 140 magnification

Table 1  Results of the gustatory test

A gustatory test was performed as described in the methods. The 
numbers represent the number of subjects who report the following 
taste: + + , acrid irritation on the oral mucosa was sensed as clear and 
intense; + , less intense acridity was sensed; and –, no taste

++ + –

A PEX raphides 3
B Boiled raphides 1 2
C Pinellia Tuber incubated with raw ginger juice 1 2
D Pinellia Tuber incubated with boiled ginger 

juice
3

E Hangekoubokuto immersion: salad oil treatment 
(–)

3

F Hangekoubokuto immersion: salad oil treatment 
(+)

3

Fig. 2  Lipophilicity of the raphides. Petroleum ether (3.6  ml), puri-
fied water (4 ml), and PEX suspension (0.4 ml) were combined in a 
tube, shaken vigorously (a), and stood for 20 min (b). The raphides 
were observed in the PE layer (a), and sank to the interfacial surface 
to generate a middle layer when the tube was stood for 20 min (b)
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light microscope showed no apparent differences between 
the boiled and unboiled raphides (Fig. 3a, b). However, 
when PE was added into these aqueous suspensions, the 
dispersion of the raphides in the PE layer of the boiled one 
was distinctly lower in the denaturation assay compared 
with that of the unboiled one (Fig. 3c, d). Furthermore, the 
acridity of the boiled raphides was almost imperceptible 
on the gustatory test (Table 1B).

Some of the PEX suspension was kept in a sealed glass 
vial at room temperature or − 20 °C condition for 60 days. 
The dispersing raphides in the PE layer in the sample kept 
at room temperature were found to be lower in the denatur-
ation assay compared with those stored at − 20 °C (Fig. 4).

In another experiment, the PEX raphides were washed 
with methanol and re-suspended in PE. When water was 
added to this suspension and mixed vigorously, the raphi-
des were aggregated and went down quickly to the interfa-
cial surface without dispersing in PE layer (Fig. 5).

Interactions between raphides and other crude drug 
extracts

The decoction of Glycyrrhiza, Cnidium Rhizome, Atracty-
lodes Rhizome, or dried Ginger was incubated with Pinel-
lia Tuber powder at 40 °C for 2 h in the aqueous suspen-
sion. In another experiment, powdered Pinellia Tuber was 
incubated with powdered dried Ginger. Then, the raphides 
were collected from the reaction mixture. The denaturation 
assay showed that the decoction and the powder of dried 
Ginger reduced the dispersion of the raphides in the PE 
layer (Fig. 6e, f), while no such activity was observed in the 
decoctions of Glycyrrhiza, Cnidium Rhizome, and Atracty-
lodes Rhizome (Fig. 6b–d).

Based on these results, the interaction between raphides 
and Ginger was investigated in more detail. When Pinel-
lia Tuber powder and dried Ginger decoction were mixed 
and incubated at 40 °C for 15–60 min, time-dependent 
denaturation of the raphides was observed (Fig. 7a–d). 
Conversely, when incubation was performed at 4 °C, a 
considerable amount of the raphides dispersed in the PE 
layer after 90 min incubation (Fig. 7e). In another experi-
ment, Pinellia Tuber powder was mixed with raw ginger 
juice or boiled ginger juice and incubated at 40 °C for 
30–60 min. The boiled ginger juice denatured the raphides 

Fig. 3  Denaturation of the raphides by heat. PEX suspension (0.4 ml) 
was dried and re-suspended in 5 ml of purified water, sealed in a tube, 
and incubated at 100 °C for 30 min (a) or at room temperature (b). 
The raphide pattern observed in the microscopic fields were very sim-
ilar (a and b). Then, the denaturation assay described in “Materials 
and methods” was conducted. The results of the denaturation assay 
of (a) and (b) are shown in (c) and (d), respectively. Incubation at 
100 °C for 30 min denatured the raphides, and the number of raphides 
dispersed in the PE layer was much lower in the sample incubated at 
100 °C for 30 min (c) than in that without heating (d) in the micro-
scopic field. The images were obtained using a light microscope at 
× 140 magnification

Fig. 4  Denaturation of the raphides stored at room temperature. PEX 
suspension was kept for 60 days at − 20 °C (control) (a, c) or at room 
temperature (b, d). Then, the PEX suspension (0.4 ml) was sampled 
and mixed with PE (3 ml) and purified water (3.4 ml). The samples 
were then kept still standing for 15 min, then shaken lightly to raise 
the cloud of raphides (a, b). The dispersion of raphides in the PE 
layer was lower in the sample kept at room temperature than in the 
control. The PE layer (30 µl) was dropped onto a slide glass, dried, 
then observed using the light microscope at × 140 magnification (c, 
d). The number of raphides in the microscopic field was much lower 
in the sample kept at room temperature for 60 days than in the control
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to a greater level than the raw juice (Fig. 8). A distinct 
decrease in acridity was also observed in the samples incu-
bated with boiled ginger juice during the gustatory test 
(Table 1C and D). Subsequently, the lipophilic compo-
nents extracted with PE from the decoction of dried Ginger 
or Atractylodes Rhizome were mixed with Pinellia Tuber 
powder in purified water and incubated at 40 °C for 2 h. 
Lipophilic components from the dried Ginger decoction, 
as well as its decoction, denatured the raphides; this activ-
ity was not observed with the lipophilic components from 
the Atractylodes Rhizome decoction (Fig. 9).  

Finally, PEX suspension was dried by air-blowing at 
room temperature, and re-suspended in purified water. This 
suspension was mixed with the lipophilic components from 
dried Ginger or Atractylodes Rhizome decoction, and incu-
bated at 40 °C for 2 h. Again, the lipophilic components 
from dried Ginger decoction possessed denaturing activ-
ity against the purified raphides as observed in the experi-
ment using Pinellia Tuber powder (Fig. 10). In addition, 
even a very small amount of PE in the test tube impeded the denaturing activity of the dried Ginger decoction (data 

not shown).

Fig. 5  Denaturation of raphides by methanol. a PE (3 ml) and puri-
fied water (3  ml) were added to 0.4  ml of the PEX suspension, 
shaken, and stood for 10 s. b Methanol (6 ml) was added to 0.4 ml of 
the PEX suspension, mixed and centrifuged at 1.0 × 103 × g to precipi-
tate the raphides. The supernatant was removed and fresh methanol 
(6  ml) was added to the precipitate. After suspending in methanol, 
the sample was centrifuged again, and the supernatant was removed. 
Then, the precipitate was suspended in PE (6  ml) and centrifuged. 
After the precipitate was further washed with PE (3 ml) and the pre-
cipitate was suspended in fresh PE (3.4 ml), purified water (3 ml) was 
added to the suspension, and then the tube was shaken and stood for 
10  s. Methanol treatment reduced the dispersion of raphides in PE 
layer, and the aggregated raphides quickly sank to the interfacial sur-
face (b)

Fig. 6  Interaction between raphides and other crude drug extracts. 
Two-milliliters each of purified water (control, a), decoctions of 
Cnidium Rhizome (b), Glycyrrhiza (c), Atractylodes Rhizome (d), 
dried Ginger (e), or 0.7 g of dried Ginger powder (f) were added to 
0.7  g of Pinellia Tuber powder. Then, purified water was added to 
make the total volume to 6 ml, and incubated at 40 °C for 2 h. The 
raphides were collected according to materials and methods, and the 
denaturation assay described in “Materials and methods” was con-
ducted. The raphides were observed in the microscopic field (a–d); 
the number of raphides was reduced by Ginger-treatment (e and f)

Fig. 7  Reaction of the raphides with Ginger decoction. Dried Gin-
ger decoction (2  ml) was added to Pinellia Tuber powder (0.7  g), 
and purified water was added to make the total volume up to 6 ml. 
The sample was incubated at 40  °C for 15 (a), 30 (b), 60 (c), and 
90 min (d), respectively, or at 4 °C for 90 min (e). Then, a denatura-
tion assay was conducted as described in “Materials and methods”. 
When the samples were incubated at 40 °C, the number of raphides in 
the microscopic field was reduced in a time-dependent manner (a–d). 
This reduction was not observed when the sample was incubated at 
4 °C (e)
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Alleviation of the irritation by salad oil

Hangekoubokuto immersion was prepared with the IPCD 
method using unprocessed Pinellia Tuber. The immer-
sion was mixed vigorously with an equal volume of salad 
oil, then the water layer was collected. Very few raphides 
were observed in the water layer of the Hangekobokuto 
immersion (Fig. 11) and a distinct decrease in acridity was 
observed following treatment with salad oil (Table 1E and 
F). In addition, in volunteers, acrid irritation of the oral 
mucosa induced by Pinellia Tuber was relieved by rinsing 
the mouth with the 5 ml of salad oil.

Fig. 8  Difference in denaturing activity between raw and boiled gin-
ger juice. Pinellia Tuber powder (0.7 g) was mixed with raw ginger 
juice (6 ml) (a, c), boiled ginger juice (6 ml) (b, d), or purified water 
(6 ml) (control, e), and incubated at 40 °C for 30 min (a, b) or 60 min 
(b, d, e). Then, a denaturation assay was conducted as described in 
“Materials and methods”. The number of raphides in the microscopic 
field was not changed following treatment with raw ginger juice 
(b and d) compared with the control (e); however, a reduction was 
observed in a time-dependent manner following treatment with boiled 
ginger juice (a and c)

Fig. 9  Interaction between Pinellia Tuber powder and the lipophilic 
components of dried Ginger and Atractylodes Rhizome. Pinellia 
Tuber powder (0.7 g) was transferred to a tube containing lipophilic 
components of Ginger (a) or Atractylodes Rhizome (b) prepared 
according as described in the Materials and Method, the decoctions 
(2 ml) of dried Ginger (c) or Atractylodes Rhizome (d), or purified 
water (2 ml) (control, e). Then, purified water was added to the tubes 
for a total volume of 6 ml. The mixtures were incubated at 40 °C for 
2 h. Then, the denaturation assay described in “Materials and meth-
ods” was conducted. The number of raphides in the microscopic field 
was reduced by following treatment with lipophilic components of 
dried Ginger decoction (a) and its original decoction (c) compared 
with the control (e). No activity was observed in the lipophilic com-
ponents from the Atractylodes Rhizome decoction (b and d)

Fig. 10  Interaction between the PEX raphides and the lipophilic 
components of Ginger and Atractylodes Rhizome. PEX suspension 
(0.4 ml) was dried and re-suspended in 4 ml of purified water then 
transferred to the tube containing the lipophilic components of Gin-
ger (a) or Atractylodes Rhizome (b) prepared according as described 
in “Materials and methods”, or a control tube (c). The mixtures were 
incubated at 40 °C for 2 h. Then, a denaturation assay was conducted 
as described in “Materials and methods”. The number of raphides in 
the microscopic field was reduced following treatment with lipophilic 
Ginger components (a) compared with the control (c); however, this 
was not observed with the lipophilic components of the Atractylodes 
Rhizome decoction (b)

Fig. 11  Treatment of Hangekoubokuto IPCD immersion with salad 
oil. Hangekoubokuto immersion was prepared by the IPCD method 
as described in “Materials and methods” (a). Salad oil (5  ml) was 
added to the immersion (5 ml) and mixed vigorously. Then, the water 
layer was collected (b). Images were obtained using a light micro-
scope at × 140 magnification. The number of raphides in the micro-
scopic field was reduced following treatment with salad oil (b) com-
pared with the control (a)
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Discussion

Adopting the PEX protocol, raphides were easily extracted 
from Pinellia Tuber. Hydrophilic components, such as 
starch grains, remained in the aqueous residue, and most 
of the lipophilic components which were soluble in PE, 
were washed away during the extraction process. In fact, 
contamination of starch grains was very limited among 
the raphides in the PEX suspension when observed under 
a light microscope; thus, the PEX protocol is suggested to 
be a valid method for the partial purification of raphides 
in Pinellia Tuber. It is also noted that while PEX raphides 
retained intense acridity, homogentisic acid and 3,4-dihy-
droxybenzaldehyde were likely to be solved and removed 
in PEX protocol, which was consistent with the previous 
works reporting the raphides were the cause of the acridity 
[7, 8]. Since the raphides extracted by low-speed centrifu-
gation in aqueous suspension also partitioned to the PE 
layer in the water/PE partition, most of raphides in Pinellia 
Tuber were considered to have lipophilic character. When 
calcium oxalate was mixed vigorously with water and PE, 
it migrated only to the water layer (data not shown). There-
fore, the substance associated with the lipophilicity of the 
raphides was not calcium oxalate. It has not been cleared 
yet how the raphides migrated to the PE layer whereas 
they had originally been extracted using water. Our recent 
results showed the possibility that the acrid raphides sus-
pended in water could switch their hydrophilic character 
to lipophilic when they touched nonpolar substances. The 
confirmation of this hypothesis is now in progress, and the 
authors will report it elsewhere.

In this study, the dispersion of denatured raphides was 
reduced in the PE layer in the water/PE partition. No 
apparent differences were observed between the behav-
ior of the intact and the denatured raphides when they 
were suspended in either PE or water alone. Differences 
appeared only in the presence of both PE and water, sug-
gesting that denaturation can decrease their lipophilicity 
to a certain degree.

Based on this result, we developed a novel protocol 
for the denaturation assay of raphides, as described in the 
methods section. In the present study, raphides were shown 
to be denatured by heat, methanol, dried Ginger extract, 
and boiled ginger juice. As no apparent differences were 
observed between boiled and non-boiled raphides under 
the light microscope, it was thought that the substances 
denatured by heat were not the components responsible for 
formation of the raphides’ shape but something attached 
on the surface of the crystals. This was consistent with 
a previous observation of deposits on the surface of taro 
raphides, where the amount of deposits, as well as the 
acridity, decreased following treatment with methanol 

[9]. In this study, we also found that the raphides from 
Pinellia Tuber were markedly denatured by the methanol 
wash, and speculate that the lipophilic deposits could be 
removed by methanol as reported in taro. The raphides 
kept in PE at room temperature were denatured to a larger 
degree compared with those stored at − 20 °C, suggest-
ing that raphides in the dried Pinellia Tuber can also be 
gradually denatured under natural storage conditions. In 
the sixth century, Tao Hong Jing selected six crude drugs, 
including Pinellia Tuber; of these, the older drugs were 
conforming items compared with new ones in Bencaojin-
gjizhu [12]. This could be related to the denaturation of 
raphides stored at room temperature, as observed in the 
present study, from the point of reducing adverse events, 
however, the confirmation of this hypothesis still requires 
the comparison of the raphides in fresh and aged dried 
Pinellia Tuber, which is now in progress.

The acridity assay is crucial for investigating the safe and 
effective use of Pinellia Tuber. The gustatory test provides 
distinct results on acridity, but it forces the subjects to expe-
rience some degree of pain. The acridity of the taro raphides 
was previously assayed by applying samples to the forearm 
of volunteers [9]. The same protocol was attempted here, 
but no distinct or reproducible results were obtained, pos-
sibly because of differences in the structures of the raphides 
between taro and Pinellia Tuber. The acridity of Pinellia 
Tuber was also assayed by applying samples to the eyes of 
rabbits to assess inflammation [7]. However, this protocol 
involves animal experimentation, which is difficult to per-
form under current scientific ethics. In this study, raphide 
dispersibility in the PE layer in the water/PE partition paral-
leled the results of the gustatory tests, suggesting the devel-
opment of a novel and convenient assay protocol.

Tao Hong Jing also noted that Pinellia Tuber must be 
used with Ginger to suppress its poisonous nature [13]; 
thus, the suppression of Pinellia Tuber acridity by Ginger 
has been widely recognized, but has not been well studied. 
In this study, Ginger was shown to have specific activity in 
the denaturation of Pinellia tuber raphides. This activity was 
shown to require a certain reaction temperature and a time 
of more than 30 min. This observation is consistent with the 
fact that Pinellia Tuber detoxification has been conducted 
effectively for many years in China by immersing in ginger 
juice or alum. Conversely, drinking ginger juice is ineffec-
tive at relieving the pain induced by unprocessed Pinellia 
Tuber; this is because the juice may have insufficient time 
to denature the raphides in the mouth and throat.

The requirements for a certain reaction temperature 
and reaction time are consistent with enzymatic reactions. 
However, interestingly, the activity of Ginger was reinforced 
by boiling the juice. Therefore, it is unlikely that the main 
activity was induced by a protein. The observation that the 
PEX raphides were denatured by the extracted lipophilic 
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components of Ginger alone may suggest that denaturation 
resulted from the direct interaction between raphides and the 
lipophilic components of Ginger. For example, shogaol is a 
lipophilic component of Ginger, whose content increases 
by heat [14]. However, we have not identified the reacting 
component of Ginger nor clarified the mechanism by which 
it denatures the raphides. These problems await further 
research.

The IPCD method was developed for easier preparation of 
Kampo decoctions. In the IPCD method, the crude drugs are 
powdered and mixed vigorously with boiled water then fil-
tered after 4 min [11]. This method is convenient; however, 
the short heating time results in intense residual acridity of 
the unprocessed Pinellia Tuber, which is a major problem. 
In this study, we successfully removed the acridity of IPCD 
immersion using unprocessed Pinellia Tuber by mixing with 
salad oil, and collecting the water layer. It is supposed that 
the acrid raphides in water layer can transfer into the interfa-
cial surface between water and salad oil layer as observed in 
water/PE partition, and can be removed by collecting water 
layer. Mixing salad oil may indicate how unprocessed Pinel-
lia Tuber can be used safely in the IPCD method.

In addition, rinsing the mouth with salad oil is an effec-
tive way of relieving the irritation. This will, for example, 
greatly reduce the pain experienced by volunteers during the 
gustative bioassay when it has to be carried out.

In conclusion, the raphides of Pinellia tuber have lipo-
philic character and easily extracted using petroleum ether. 
Lipophilicity was thought to be derived from a substance 
attached to the surface of the raphides, which was denatured 
by heat, methanol, and Ginger extract. The denaturation of 
raphides by Ginger extract may explain the traditional proto-
col used to process Pinellia tuber. Furthermore, denaturation 
of the raphides seemed to parallel their reduced acridity, 
which could lead to the development of a new assay protocol 
to assess acridity.
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