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ABSTRACT

AIM: Compounds containing Bup leurum possess immunomodulating effects. KY88 LIVERLIVO (KY88) isa
blend of such compound. The aim of this study isto invedigate the effectsof KY 88 on the production of cytokines
by lymphocytes in vitro. METHODS: Seventy Sprague Dawley rats were used of which 40 were ordly fed with 4
mg purified KY 88 for 35 d. Norma human lymphocytes were isolated and cultured in standard conditions. The
culture medium was collected a zero and 72 h after the KY 88 treatment. The cytokines, including interleukin-1b
(IL-1b), IL-2, IL-4, IL-6, tumor necros sfactor-a (TNF-a), and interferon-g, were measured by ELISA kits.
RESULTS: TNF-a levelsinthe supernatant of cultured human lymphocytes significantly increased after the treat-
ment of PHA and KY88. The mean levels were (855+251), (399+145), and (176+49) ng/L after the treatment with
KY88 at the concentrations of 10, 1 and 0.1 g/mL respectively. However, the leve in the control group without
specific treatment was only (68x4) ng/L. The difference between KY 88 10 g/mL and control groups was signifi-
cant (P<0.05). All other cytokines did not show significant variations between KY 88 and the control groups. KY 88
may regulate the immune function through the induction of TNF-a expresson.

INTRODUCTION

It is wel accepted that the immune system can
eliminate cancer cdls*3. T-lymphocytes can be used
as adoptive immunother apy'®. Recently, cytotoxic T
lymphocytes specificaly againgt tumor-associated an-
tigens have been shown to be present in cancer patients
and heathy individuas?. Therefore, more and more
researchesare focused on thefinding of reagents, which
can up-regulate the immune function.
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Traditional herbal medicine has been used regu-
larly in* modulating immunity’ in China. Experiments
on Imperata cylindrica (Beauv) and other purified
polysaccharides have demongrated that these sub-
gances are excellent immunomodulating agents**¥,
Other herbs such as Tripterygium wilfordii, Aconitum
and Artemid ae species have immunosuppressive efects.
Some of these are now used clinically for the treatment
of rheumatoid arthritis, chronic nephritis, sysemic lu-
pus erythematosis, and various skin disorders”. KY88
LIVERLIVO (KY88) isablend of thecompound con-
taining bupleurum, which possesses anti-inflammatory
effects. It isused inthe treatment of acuteand chronic
hepatitisB virusinfection. Our previouswork hasdem-
onstrated that KY 88 could stimul ate human lympho-
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cytes to form coloniesand to produce granulocyte-
monocyte colony stimulating factor (GM-CSF)™. 1t
may be, thus, involved in theregulation of humoral and
cellular immune responses.

Cytokinesinteract with their receptors and con-
trol a wide range of innate and adaptive immune re-
sponse functions™*®, A key feature of these cytokines
istheir pleiotropy and redundancy. Lymphocyte cul-
ture in vitro has been used to evaluate the effects of
mitogens and proliferationinhibitors on cell prolifera-
tion™". Secretion of cytokinesand GM-CSF by the
mononuclear celIswas markedly increased in vitro in
the treatment with alow concentration of Zingiberis
rhizoma extract™, Therefore, this study aimed to ob-
serve the changes of cytokine production by in vitro
cultured human lymphocytes under the stimulati on of
KY88.

MATERIALSAND METHODS

KY88 preparation KY88 isobta ned from Hon
Ding (HK) International Limited. The ingredients of
KY88 are Schizandrae fructus, Bupleuri radix,
Artemisiae capillaris, Desmodii herba, Poria sclewtium,
Lithospermi radix, Paeoniae radix, Phellodendri cortex,
Scutell ari ae radix, and Trichosanthis radix*. Ten
grams of each of the above ingredients were primarily
washed. Through the process of extraction, concen-
trati on, and purificati on, the essence of the herbal ex-
tracts— KY 88 wasformed. This capsule had beentested
by SGS Hong Kong Limited (Société Générae de
Surveillance) for the presence of heavy metals and mi-
cro-organisms, which was confirmed to be above the
international saf ety leve and free from micro-organisms,
respectively.

Prior to conduction of experiments, KY88 (50 g)
was extracted with methanol (500 mLx3). The solid
resdue of the crude extract was then dissolved in dim-
ethyl sul phoxide to a concentration of 92 g/L and stored
a4 °Cuntil use. For use, the KY88 was diluted (10
g/L) in Hanks' Baanced Salt Solution (HBSS)
(Invitrogen, Carlsbad, Cdlifornia, US) and filtered us-
ing 0.22 MicroCellulose Acetate (Corning, New York,
US) for seilization.

Subject selection Fifty volunteerswith agerang-
ing from 20to 45 a, wererecruited for this study. Writ-
ten consent was obtained from each participant and 30
mL of peripheral venous blood was collected in steril-
ized ethylenediaminetetraacetic acid (EDTA) tubes.

Lymphocyte isolation and culture The blood

sampleswere centrifuged at 1200 revolutions per minute
a room temperature for 10 min. Cell swere col lected
and mixed thoroughly with 30 mL ice cold HBSS
(Hanks Baanced Salt Solution, Invitrogen, Carlsbad,
California, US) containing HEPES 10 mmol/L
(Invitrogen, Carlsbad, Cdifornia, US). The samples
were caefully layered over Ficoll Hypaque (Phamacia,
Uppsala, Sweden) foll owed by centrifugation at 2000
rpmat 4°C for 20 min. Periphera blood mononucelar
cellswere isolated and the interface was harvested and
washed thrice with cold RPMI-1640 medium (serum
free).

For initial culture, the isolated cells were distrib-
uted into a6-well plate (Corning GlassWorks, Corning,
NY, USA) to becultured in RPMI-1640 medium mixed
with 10 % deactivated fetal bovine serum, 10 mmol/L
HEPES, and 1 % antibiotics (100 kKU/L penicillin and
100 mg/L streptomycin). The plate was incubated at
37°Cin95%air and 5% CO,for 1 h. After overnight
incubation, a pilot test on the separated lymphocytes
was carried out usng various concentrations of KY 88
initially. These were eventualy stimulated with 10 g/
mL phytohaemagglutinin (PHA) (Roche, Sandhof er,
Strasse, Germany), and 0.1 g/mL, 1 g/mL and 10 g/mL
KY88 for 72 h. PHA iscommonly used for the simu-
lation of proliferation of lymphocytes. The optimal
concentrations of KY 88 were cal culated according to
the recommended dosage from the supplier. RPMI-
1640 medium only was added as control.

Proliferation assay for KY88 Proliferation of
lymphocytes was assessed with the cell proliferation
reagent WST-1 assay (Boehringer Mannheim,
Mannheim, Germany). The lymphocyteswere cultured
at a density of 10 000 cells per wdl into 96-well
microtitre plates (Cogar, Cambridge, Massachusetts,
US) and incubated at the above conditions for 72 h.
The optical density of various groupsof cellswere read
a 450 nm wavelength on a spectrophotometer (Bio-
Tek Universal Microplate Reader, EL X800, Winooski,
Vermont, US).

Animal trials Female Sprague-Dawley rats were
bred and maintained in the University of Hong Kong
(HKU) Anima Unit. SD rats werehoused under con-
stant environmental conditions (photoperiod,
temperature, air humidity, food)™™. Atweight of 250g,
40 ratswere fed with 4 mg purified KY88 daily. For
the control group, 30 rats were given the same amount
of sdlineingead. Animalswere monitored everyday in
terms of behaviour and excretions and they were
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weighed once aweek throughout a 35-d observation
period.

Measurement of cytokines: IL-1b, IL-2,
IL-4, IL-6, TNF-b, and IFN Previous experiments
have shown clugter and colony formation of lympho-
cytes as well as a dose-dependent production of GM-
CSF with KY88™. The culture medium was collected
at zero and 72 h after thetreatment for measurement of
cytokinesby ELISA kitsacoordingto the manufacturer’ s
instructions (Roche, Germany). The standard group
solutions50 mL and cdl culturesupernatant werepipeed
into 96-well plates. The plates were incubated for 2 h
at 350 rpm and washed with washing buffer thrice.
Thewellswere dried out of water and 200 mL of sub-
drate tetramethylbenizidine were added into each well
indark at room temperaturefor 20min. At theend, the
plates were read a 450 nm wavelength. The levels of
these cytokines in test samples were obtained by com-
parison with the standard curve generated from
dandards. Eachsamplewasanalyzed intriplicates The
measured cytokines included interleukin-1b (IL-1b), IL-
2, IL-4, IL-6, tumor necrossfactor-a (TNF-a), and
interferon-g (IFN). All units of these cytokines were
nglL.

Statistical analysis All val ues were expressed
as mean and standard error of mean (SEM) unless oth-
erwise dated. Anays swas done using the SPSS for
window release 6.0 (SPSS 1 nc, USA). The parameters
were evaluated with a Paired Samples +-test. A P vdue
of 0.05 or lesswastaken as gatigicaly sgnificant.

RESULTS

This capsule had been tested for the presence of
heavy metd s and micro-organisms, which was con-
firmed to be above theinternationa safety level andfree
from micro-organisms, regpectively. Of al the SD rats
tested, their body weight did not show any significant
difference compared with the control group. The pro-
liferation of periphera blood lymphocytesafter stimu-
lation with PHA and KY88 was increased using Cdl
Proliferation Reagent, WST1 assays. Analyssof colony
counting and mean colony area showed that the colony
formation wasincreased after adding KY88. The pro-
duction of GM-CSF was in a dose-dependent manner
and increased with ahigher concentration of KY 88",

Theinterva changes of the levels of IL-1b, IL-2,
IL-4, 1L-6, IFN, and TNF-a areshownFig 1,2. Analy-
ssof our data suggested that the simulation of PHA,
but not K'Y 88 induced significant increasss of IL-2, IL-
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Fig 1. Production of IL-1b , IL-2, and IL-4 of in vitro cultured
lymp hocytes with the treatment of PHA (10 g¢/mL) and dif-
ferent concentrations of KY88. All units of these cytokines
were ng/L. ‘P<0.01 compared with levels of the control group
after three-day culture.
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Fig 2. Production of IL-6, TNF-a ,and interferon-g (IFN) of
in vitro cultured lymphocytes with the treatmentof PHA (10
g/mL) and different concentrations of KY88. All units of
these cytokines were ng/L. "P<0.05, °P<0.01 comp ared with
levels of the control group after three-day culture.

4, and IFN production. Thedifferences between PHA
and control groups after three-day culturewere signifi-
cant (All P<0.01). IL-1and IL-6levelsinthe superna
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tant of cultured human lymphocytes did not show sg-
nificant variations between PHA, KY88, and control
groups. TNF-a levelsincreased after the treatment
with PHA and KY88. The mean TNF-a leves were
(855+251), (399+145), and (176%49) ng/L after the
treatment with KY 88 at the concentrations of 10, 1,
and 0.1 g/mL for 3d, respectively. However, the level
in the control group without specific treatment was only
(68+4) ng/L. T he difference between KY 88 and con-
trol groups was sgnificant (P<0.05).

DISCUSSION

The compound formulation approach for chronic
hepétitis ams to eliminate the HBV virus, strengthen
the immune system, and induce regeneration of liver.
Our previous experiments have shown that KY88isable
to gimul ate lymphocyte proliferation in vitro. This
present study confirms that the compound can induce
the production of cytokines, especially TNF-a and may
regulate the i mmune systemt*”.

Cytokines are a system of network. In vitro cul-
ture of lymphocytes has shown that TNF-a has been
shown to gimulate M-CSF gene expression and mono-
cyte proliferation™. Our experiments showed that the
gimulation of periphera lymphocyteswith KY 88 could
up-regulate the expressons of TNF-a as well as GM-
CSF*™. Therewere gatistical differencesin the ex-
pressonsof IL-2, IL-4, IL-6, TNF-a, and IFN be-
tween PHA and KY88. Thesereaultsindicatedthat dif-
ferent mitogens might induce the proliferation of pe-
ripheral lymphocytes in different mechanisms, or the
effectson lymphocyteproliferation induced by theK'Y 88
are different from those caused by PHA.

Cytokines play important roles in the process of
inflammation and anti-tumor immunology. TNF-a in-
crement waspresent after the treatment of human lym-
phocytes with KY88. Other experiments showed that
the production of cytokines increased with alonger pe-
riod of incubation'®®. TNF-a pluschemotherapy have
been shown to produce complete remisson i n some of
transit melanomaand soft tissue sarcoma™. Clinicaly,
the compound containing bupl eurum, the source of
KY88, isused as dternative medicine in the treatment
of cancers and other immunocompromised diseases.
Like other herbal medicines, KY88 may play arolein
the regul ation of the immune system'**3,

Our gudy firg showed the poss ble mechani sm
of theKY 88in the regulaion of immunesysem. Knowl-
edge on this subject is limited, although KY88 is be-

lieved to be effective against hepatitis B virus. Thein-
crement of TNF-a and GM-CSF is linked to the host
responses to inflammation and tumor. This study sug-
gedts a potential new area of research into the treat-
ment of inflammation and cancer. Our resultsjustify
further studies, such as randomized clinical trials and
isolation of effective components inthe KY 88.
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