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Abstract

Heat shock protein (hsp70) plays an important role in normalizing proteins that have degenerated due to stress,
and in maintaining the physiological functions of cells. It has been reported that the induction of hsp70 may decline
aging, and may be involved in autoimmune diseases and bacterial infection. In this study, we screened 233 kinds of
extracts of Kampo herbal medicines on the expression of hsp 70 in human lymphocytes. Among them, 7 kinds of
Kampo herbal medicine extracts, namely Carthami Flos, Corni Fructus, Crataegi Fructus, Dianthi Herba, Euphorbiae
Kansui Radix, Scutellariae Radix and Sojae Semen Praeparatum, increased hsp70 expression one and half times in
human lymphocytes. Among those, 6 kinds of extracts were confirmed to increase it in a dose-dependent manner.
From these results, it was proved that some Kampo herbal medicines have the ability to control the expression of
hsp70, and it was suggested that these herbs could be applicable for the treatment of various diseases in which the hsp

system participates.
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Abbreviations hsp, heat shock protein; PBS, phosphate- buffered saline ; IL-2, interleukin-2.

Introduction

Heat shock protein (hsp) is present in all organisms
from E. coli to humans and has been preserved very well
over species. Hsp is generally determined by its molecu-
lar weight and divided into four groups; around 90,000
molecular weight is classified as hsp90 family, around
70,000 as hsp70 family, around 60,000 as hsp60 family,
and around 26,000 as low molecular weight hsp. Of
these, hsp70 has an important role in normalizing pro-
teins which have degenerated due to stress, and in main-
taining the physiological functions of cell.” It has been
reported that the induction of hsp70 may decline aging,

and may be involved in autoimmune diseases and bacte-
rial infection.”®

We therefore made a hypothesis that an increase in
the expression of hsp may have a favorable effect on
these diseases. We have already reported that extracts of
Kampo herbal medicines from among the 230 kinds have
an effect of hsp70 induction on human neuroblastoma
IMR-32 cells.” In this study, we measured the expression
of hsp 70 in human lymphocytes, using 233 kinds of ex-
tracts of Kampo herbal medicines.

Materials and Methods

Human activated T lymphocytes: We took human
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peripheral blood (50 ml) with a syringe which contained
5 ml of heparin (heparin sodium injection Upjohn 1,000;
Pharmacia, NJ, USA). Lymphocytes were layered on
Ficoll-Conray solution (Lymphosepar I : specific gravity
1.07710.001 ; IBL Co., Lab., Gunma, Japan), and sepa-
rated by gradient differential centrifugation. The lym-
phocytes were washed in RPMI-1640 with L-Gin,
NaHCO: medium (Nikken Bio Medical Laboratory,
Kyoto, Japan). The bottom of the flask contained immo-
bilized monoclonal antibody to CD3 (5 #g/ml;Janssen,
Tokyo, Japan). In the flask, washed lymphocytes and
RPMI-1640+7 with L-Gln, NaHCOs; medium (Nikken
Bio) were cultured (37°C, 5% CO: , humidity 98%). The
medium was supplemented with 10% human serum (ICN
Biomedicals Inc., Osaka, Japan) and interleukin-2 (IL-
2:700 IU/ml;Shionogi Pharmaceuticals, Osaka, Japan).
On day 3, we added the same medium for further culture,
and on day 4, we again added the same medium with
30 mM HEPES (Sigma, MO, USA). On day 5, the lym-
phocytes were transferred to the backpack medium. The
medium consisted of CP-4 medium (LL7.3 ; Nikken Bio)
and AIM-V 101 medium (GIBCO BRL, MD, USA) with
added IL-2 and oxalosuccinic acid (Sigma). Furthermore,
these lymphocytes proliferated. These cultured lympho-
cytes were used as human activated T lymphocytes.
Preparation of Kampo herbal medicines and their
extract for screening: The 233 kinds of Kampo herbal
medicines were purchased from Uchida Wakanyaku Co.
(205 kinds) (Tokyo, Japan) and Tochimoto Tenkaido (28
kinds) (Osaka, Japan). These herbal medicines were de-
posited at the Department of Bioregulatory Function,
University of Tokyo, Japan. Each Kampo herbal medi-
cine (15 g) was extracted with distilled water (300 mi) to
half the original amount, and the supernatant was centri-
fuged 4°C, 3,500 rpm, 20min). After aspirating filtra-
tion with filter paper, the solution was adjusted to 150
ml. Polychlal AT (Gokyosangyo, Japan) (1.5g) was
added to the extract (75 ml) and the mixture was shaken
for 30 minutes at room temperature to eliminate tannic
acid. After elimination, the solution was filtered with fil-
ter paper and adjusted to 75ml. The solution (70ml)
was then lyophilized and the rest (5ml) was used as
Kampo herbal medicine extract for the first screening.
Measurement of hsp70 : Human activated T lympho-
cytes (3 X 10° cell/dish) were infused in 24-well tissue
culture plates to measure hsp70. Kampo herbal medicine

extract diluted to 1 mg/ml was added to each plate and
cultured (37°C, 5% CO:, 18 hours). After heat shock for
40 minutes in a thermostat (Tomy, Japan) at 42°C, the
cells were cultured (37°C, 5% CO, 3 hours) and col-
lected. They were washed three times is PBS and frozen
at -20°C overnight. After thawing, the cell membranes
were destroyed by homogenization (DIAX 100,
Heidolph, Germany) for 2 minutes. Protein concentra-
tion in the solution was measured using Protein Assay
(Bio-Rad Laboratories, CA, USA), and the amount of
protein was regulated.

For protein assay of hsp70, 30 ul of each sample
was placed into 96-well polystyrene ELISA plates
(Sumitomo Bakelite Co., LTD., Tokyo, Japan), and 30
u1 of coating buffer (20mM carbonate buffer, pH9.5)
was added to each well. The assay plates were covered
with a lid and incubated overnight at 4°C. The wells
were washed with washing buffer (PBS with 1% Tween
20) and blocked by blocking buffer (PBS with 1% BSA).
The plates were washed again, and 100 u1 of alkaline
phosphatase (AKP) conjugated anti-hsp70 monoclonal
antibody (StreesGen Biotecnologies Corp, BC, Canada)
diluted at 1:500 in blocking buffer was added to each
well and the mixture incubated for 90 minutes at room
temperature. After washing, 10041 of p-nitrophenyl
phosphate disodium (pNPP;Sigma) substrate (1 mg
pNPP/ml in 1 M diethanolamine buffer containing 0.5 M
MgCl,, pH 9.8) was added. After incubation for 60 min-
utes at room temperature, absorbance was measured at
405 nm by a Microplate Reader (Bio-Rad model 550).

A standard curve was obtained using various con-
centrations (7.8-500 ng/ml) of recombinant human HSP70
protein (StressGen). The concentrations of hsp70 in
samples were determined by standard curve and the re-
sults were converted to protein concentration.

Results

Result of the screening

In advance of screening, we performed two tests of
the expression of hsp70. The two tests measured time-
response (3, 6, 18 hours) after heat shock (42°C, 40 min)
and the cell number of human activated T lymphocyte.
The results confirmed that the expression of hsp70 was
strongest when the number of cells was 3~4 X 10° cell/-
well and the time of incubation was 3~6 hours after heat
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Table I Effect of 233 extracts of Kampo herbal medicines on hsp 70 expression in human activated T lymphocytes
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Kampo herbal medicines lyr}rllgrl:l::yte IMR-32 Kampo herbal medicines lyrkrlllll)rl?::yte IMR-32
Achyranthis Radix S Codonopsis pilosula Nannf wE A
Aconiti Radix =] Coicis Semen BoC O
Aconiti Tuber M Corni Fructus HEXE] O
Adenophorae Radix bz Cortidis Rhizoma il
Akebiae Caulis BE Corydalis Tuber MEEAZR A
Akebiae Caulis K Crataegi Fructus s @
Alismatis Rhizoma R Crotonis Semen % 1=
Allii Folium FEH A Curcumae rhizoma F&
Alpiniae Katsumadii Semen B Cuscuta chinensis Lam BT
Alpiniae Officnari Rhizoma B Cynanchi Atrati Radix %
Alpniae oxphyltae Fructus A3l Cynomorii Herba S5
Amomi Rotundi Fructus HEX Cyperi Rhizoma Ebft-f
Amomi Semen FEt Desmodii Herba SHRE
Amomi Tsao-ko Fructus B Dianthi Herba BE O
Amydae Carapax LS Dioscoreae Rhizoma g
Anemarrhenae Rhizoma HEE Dipsaci Radix % ek
Angelicae Dahuricae Radix HiE Dolichoris Semen HRE
Angelicae Radix =l Elsholtziae Herba &F
Aquilariae Lignum e Ephedrae Herba PR
Araliae Cardatae Rhizoma g Epimedii Herba % EEE O
Arctii Fructus $ET Equiseti Herba PN
Arecae Pericarpium KIERR Eriobotryae Folium R
Arecae Semen FEHE T Eucommiae Cortex R
Arisaematis Tuber REgE Eupatori Herba % FHE
Armeniacae Semen Fa Euphorbiae Kansui Radix H&
Artemisiae Folium YiE A Euryales Semen KE
Artemisoae Capillari Spicab P& Evodiae Fructus (S
Asiasari Radix fHE Farfarae Flos ;&
Asini Corii Collas B Foeniculi Fructus INEE
Asparagi Radix FRRES Forsythiae Fructus HH O
Asteris Radix Et Rhizoma £ Fossilia Ossis Mastodi HE
Atractylodis Lanceae Rhizoma £l Fraxini Cortex % B
Atractylodis Rhizoma A Fritillariae Bulbus HE
Aurantii Fructus Immaturus HE Galla Rhois FlET
Aurantii Nobilis Pericarpium £953 Gambir Extractum Rl
Bambusae Caulis T Ganoderma zZ O
Belamcandae Rhizoma 5+ Gardeniae Fructus e+ O
Benincasae Semen EJINES Gastrodiae Tuber KRk
Biotae Orientalis Cacumen R kr e Gentianae Macrophyllae Radix i
Bletillae Tuber HX Gentianae Scabrae Radix il O
Bombyx Batryticatus HZESR Ginseng Radix A
Bupleuri Radix SetA Gleditsiae Semen Bf T
Cannabis Fructus R Gleditsiae Spina Bl
Carthami Flos #LAE O QO Glycyrrhizae Radix TH=
Caryophylli Flos % TE Haliotis gigantea discus Reeve FaYEG!
Cassiae Torae Semen R @] Halloysitum rubrum acOlE
Castanea crenata Fructus % Hirudo KiE
Chaenomelis Fructus AM Hoelen w5
Chebulae Semen O Hordei Fructus Germinatus Fif
Chrysanthemi Flos %t Houttuyniae Herba % R E
Cibotii Rhizoma % Imperatae Rhizoma IR
Cicadae Periostracum LIS Ipomoea hederacea Jacq iR O
Cinnamomi Cortex R Junci Caulis Medulla LB
Cirsium japonica DC. KN Kaki Calyx i
Cistanchis Herba RREE Kochiae Fructus HIE 1
Citrus reticulata Blanco =14 Laminaria japonica X B
Clematidis Radix BEEAL Leonuri Herba SRFE
Cnidii Monnieri Fructus YERR-1- Lepidii Semen T
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Kampo herbal medicines lyrl;l)gi]n(?cnyte IMR-32 Kampo herbal medicines lyr?l‘;gl(?cnyte IMR-32
Ligustri Semen THF Quercus Cortex % RN =14
Lilli Bulbus He Quercus salicina Blume EOE
Linderae Radix p=E S QO Rauwolfiac Radix % EIEEIE R OO
Lingustici Sinensis Rhizoma Et Radix | B4 Rehmanniae Radix e
Lini Semen Cidl Rhei Rhizoma KE
Lithospermi Radix EE: Rhus verniciflua Stokes % RS
Longan Arillus HIRA O Roasted Aconiti Tuber sl
Lonicerae Flos £HIE Rosae Laevigatae Semen BT O
Lonicerae Folium Cum Caulis BA Rubi Fructus BaT
Lophatheri Herba e Rubiae Radix % PHEIAR
Loranthi Ramulus 2H4E Saccharum Granorum B4
Lumbricus HigE Salviae Miltiorrhizae Radix e
Lycii Fructus Mt F Sanguisorbae Radix HiA&
Lycii Radicis Cortex HE R Saposhnikoviae Radix g
Magnoliae Cortex SR A Sappan Lignum BA
Magnoliae Flos FH Saussureae Radix K
Meliae Toosendan Semen % T Schisandrae Fructus A
Menthae Herba T A Schizonepetae Spica FiFE
Mori Cortex ZOK Scorophulariae Rasix b2 O
Mori Folium 357 Scutellariae Herba FuE
Morindae Radix S PN Scutellariae Radix 55 O OO
Moutan Crtex P Sepiae Os  *k Sa
Mume Fructus B Sesami Semen EARR
Myrrha Resina % RES Sinapis Semen BT
Natrium Sulfuricum ThH Sinomeni Caulis et Rhizoma BAEL
Nelumbis Semen L O Smilacis Glabrae Rhizoma ik
Notopterygti Rhizoma Feih Sojae Semen Praeparatum 17 O
Nupharis Rhizoma ne Sophorae Flos ;¥ O
Olibanum Resina HE Sophorae Radix £
Ophiopgonis Tuber LS Sophorae Subprostratae Radix LEAR
Oryzae Semen K Sparganii Rhizoma = QO
Ostreae Testa Lad Stellariae Dichotomae Radix SREEHA
Paeoniae Radix DiRS] Tabanus i
Paeoniae Radix SE 3 O Talcum Crystallinum Bha
Panacis Japonici Rhizoma TrEi A Taraxacum platycarpum /N
Patriniae Herba % RER Terra flava Bt A
Perillae Folium BRI Testudinis Plastrum B
Perillae Semen RET Thea sinensis % P
Persicae Semen Bk~ Thujae orientalis Semen F
Pharagmitis Rhizoma % AR O Trachycarpi Folium et Petiolus REE
Phaseoli Semen % RN O Trametes versicolor % ho55r
Phellodendri Cortex Eotis] Tribuli Fructus T
Phytolaccae Radix % fpE Trichosanthis Fructus MEBE
Picrorrhizae Rhizoma A Trichosanthis Radix MER
Pinctada martensii Duker % Bi Trichosanthis Semen m&i-
Pinelliae Tuber E3-1 Tritici Semen hE&
Plataginis Herba B Trogopterorum Faeces % EhE
Plataginis Semen BLRTF Typhae Pollen T
Platycodi Radix rERE Uncariae Uncis Cum Ramulus Foiksl
Pogostemi Herba EE A Vespa Nidus Bk O
Polygalae Radix EHE O Vitexro tundifolia L. SF+
Polygoni Multiflori Radix (ENERS Xanthii Fructus 2ET
Polyporus brE= Zanthoxyli Fructus LR
Porites nigrescens Dany Y wmEh Zedoariae Rhizoma 3l A O
Prunellae Spica BHE OO Zingiberis Rhizoma HE
Prunus salicina Cortex IR Zingiberis Siccatum Rhizoma W%
Psoraleae Semen B HARE Zizyphi Fructus RE
Puerariae Radix EiR Zizyphi Spinosi Semen [ EI
Pulsatillae Radix SEEE]

Human activated T lymphocytes were cultured for 18 hrs with Kampo herbal medicine extract diluted to 1 mg/ml and then subjected to heat shock (40
min, 42°C). Hsp70 expression was analyzed by ELISA. The result of IMR cells used reference 4. The round mark means an enhancing activity of

herbal extracts on hsp 70 expression of more than 150% (QO) and 200%((CO Q) compared to the control. A triangular mark means an activity of herbal
extracts under 60% or less (A) of hsp 70 expression as compared with control. Kampo herbal medicines marked by a star (X) were purchased from
Tochimoto Tenkaido, and the others were from Uchida Wakanyaku.
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shock. With this in mind, out of the 233 kinds of Kampo
herbal medicine extracts, the 7 kinds which increased the
amount of hsp70 by more than one and a half times were
confirmed (TableI). The specimen numbers were
Carthami Flos (Uchida 253026), Corni Fructus (Uchida
302723), Crataegi Fructus (Uchida 302817), Dianthi
Herba (Uchida VMAMN), Euphorbiae Kansui Radix
(Uchida USLNO), Scutellariae Radix (Uchida HO253109)
and Sojae Semen Praeparatum (Uchida VMANO) (Fig
1). Compared with the controls, of these 7 kinds of
Kampo herbal medicine extracts without heat shock,
there was no significant difference except in the case of
Dianthi Herba, which tended to increase the amount
nearly one and half times. We confirmed the 6 kinds of
Kampo herbal medicine extracts that suppressed the ex-
pression of hsp70 to less than three-fifths, compared with
the controls. The specimen numbers were Allii Folium
(Uchida VNBVP), Artemisiae Folium (Uchida 352600),
Codonpsis pilosula Nannf (Uchida US192610), Corydalis
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Fig. 1 Effect of Kampo herbal medicine extracts representing activity
in the screening test on hsp70 expression in human activated T lym-
phocytes. Human activated T lymphocytes were cultured with the
extracts (1 mg) for 18 hours prior to heat shock (Hll) (40 min. 42°C)
or without heat shock ((]). Hsp70 was measured by ELISA. Data
are shown as mean*S.D. (n=3).

Tuber (Uchida US142912), Pogostemi Herba (Uchida
142717), and Zedoariae Rhizoma (Uchida 252112).
Without heat shock, each extract suppressed the expres-
sion of hsp70 compared with the control. With heat
shock, all Kampo herbal medicine extracts except
Corydalis Tuber showed a tendency to increase suppres-
sion of the expression of hsp70 (Data not shown).
Result of the dose response

We examined dose-dependency to confirm the re-
producibility of the effect of the extracts that increased
the amount of hsp expression by one and a half times or
decreased it by three-fifths on the first screening (Fig.2).
We confirmed the examinations in two concentrations (1,
10 mg/ml) because each of the Kampo herbal medicine
extracts used on the first screening was a very small
amount.

As a result, of the 7 kinds of Kampo herbal medi-
cine extracts which increased the expression of hsp more
than one and a half times, Carthami Flos, Corni Fructus,
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Fig. 2 Dose-dependency to confirm reproducibility concerning the 7
kinds of extracts. Human activated T lymphocytes were cultured
with the extracts (1(ll),10([.) mg) for 18 hours prior to heat shock
(40 min. 42°C). Hsp70 was measured by ELISA.
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Crataegi Fructus, Dianthi Herba, Scutellariae Radix and
Sojae Semen Praeparatum were confirmed to increase it
in a dose-dependent manner. Among these, Carthami
Flos and Scutellariae Radix increased it by two and a
half times at 10 mg/ml. Euphorbaie Kansui Radix in-
creased it more than one and a half times in both concen-
trations (1, 10 mg/ml), but there was no dose-dependent
increase. Of the 6 kinds of Kampo herbal medicine ex-
tracts which decreased the expression of hsp less than by
three-fifths, Allii Folium, Corydalis Tuber, Pogostemi
Herba and Zedoariae Rhizoma were confirmed to de-
crease it but not in a dose-dependent manner. 10 mg/ml
of Artemisiae Folium and Codonpsis pilosula Nannf de-
creased it when compared with controls, but there was
less increase in expression of hsp70 than with 1 mg/ml.

Discussion

The induction of hsp has been reported to decrease
in the senile and to be involved in autoimmune diseases,
cerebral ischemia and bacterial infection. That is to say,
hsp is expressed when a cell is damaged, and at the same
time functions to repair the damage. Therefore, there is
a possibility that its mechanism could be used for the
treatment of various diseases and for improvement of the
quality of life in the aged, if we could control the expres-
sion of hsp. We therefore screened the 233 extracts of
Kampo herbal medicines as a source of natural sub-
stances. Our results show that 7 kinds of Kampo herbal
medicine extracts could increase the expression of hsp70,
and that 6 kinds were confirmed to increase it in a dose-
dependent manner. Out of the 6 kinds of Kampo herbal
medicines (Carthami Flos, Linderae Radix, Prunellae
Spica, Rauwolfiae Radix, Scutellariae Radix, and
Sparganii Rhizoma) which were found to increase the
expression of hsp70 more than twice from the results of
the screening using human neuroblastoma IMR-32 cells
last time,® 2 kinds (Carthami Flos and Scutellariae
Radix) could also be confirmed to increase it in the
screening using human activated T-lymphocytes. These
two have common pharmacological actions such as
antihypertensive, antitumor and immunopotentiated ef-
fects, and they are used clinically for the treatment of hy-
pertension. We previously reported that stress might
affect atherosclerosis and hypertension.” Furthermore,
we presume that hsp may be associated with the

pathogenesis of hypertension and thus with the effects of
Kampo herbal medicines. Arachidonic acid is known as
a substance promoting the induction of hsp 70. Promoting
the turnover of arachidonic acid cascade is considered to
influence the continuous activation of hsp in a mecha-
nism promoting the induction of hsp 70.9

The 6 kinds of Kampo herbal medicine extracts
could decrease the expression of hsp70. Galan et al.
proved that the bacterial type Il secretion system is used
as a means of infection by bacteria causing food poison-
ing by entry into the host cell cytosol, where they modu-
late cellular processes. Inhibiting the bond between
secretory protein and cognate chaperon may possibly
suppress the infection caused by vartous kinds of bacte-
ria, and it may lead to a strategy developing a new treat-
ment for infectious diseases.” It has been proved that
induction of hsp is caused by activation at a transcription
stage of RNA synthesis.”® Quercetin, a bioflavonoid
widely distributed in plants, has many biological effects,
and inhibits the synthesis of hsp induced by heat shock
and other stresses.”!'” Quercetin inhibited the induction
of hsp70 at the level of mRNA accumulation through in-
hibition of the activation of a heat shock transcription
factor.'” Some of the 6 kinds of Kampo herbal medicines
contained tannin. These Kampo herbal medicines had
the pharmacological actions of sedation and digestion.
However, we are still trying to determine which constitu-
ent suppresses the expression of hsp.

A unique transcription factor has been proved to
play an important role, even if details of molecular struc-
ture are different. Many intracellular actions are in-
volved in a stress response; however, details such as
which factor interact with which are not yet elucidated.
At this time it appears that some Kampo herbal medicine
extracts expressing hsp70 may be influenced by an acti-
vation of transcription, an activation of protein synthesis,
or an increase in power of protein synthesis. We are now
trying to identify substances influencing the expression
of hsp 70. Further studies will be needed to determine
substances governing the expression of hsp, and enable
us to start developing a new treatment.
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