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ABSTRACT

AlIM: To sudy the protective eff ects of Ganoderma lucidum polysaccharides peptide (GLPP) on the mice perito-
nea macrophagesinjured by reactive oxygen species (ROS), derived from tert-butyl hydroperoxide (tBOOH) in
vitro and in vivo. METHODS: Mice peritoneal macrophages were injured by ROS, derived from tBOOH. The
aurviva rate of macrophages was measured by MTT assay, and the morphological changes of macrophages were
observed under light and electron microscopes. RESULTS: GL PP (50, 100, 200 mg/kg, ip for 5 d) could inhibit the
foam cell formation and necross of macrophages. Theaurvival rate of macrophages was increased. GL PP (3.125,
12.5, 50, 200 mg/L) given to the cultured macrophages brought the same protective effects. Under the electron
microscope it was found that GLPP (100 mg/kg, ip, for 5 d) could protect the organell e such as mitochondria
againg injury by tBOOH. CONCLUSION: GLPP had significant scavenging ROS and antioxidant effects.

INTRODUCTION

Ganoderma polysaccharides and Ganoderma
lucidum polysaccharides peptide (GPP) wer e extracted
from Ganoderma lucidum (Leyss ex Fr) Karst. A great
deal of experimenta evidence has accumulated in the
past several decades, suggesting that Ganoderma
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lucidum pol ysaccharides had wide bioactivities, such
as immune modulation and antitumor™?, anti-
atheroscleross, anti-diabetes, and anti-aging activities,
etd®. Recently, it was reported that Ganoderma
pol ysacchari des had scavenging reactive oxygen spe-
cies (ROS) effects”. The pathophysiological mecha
nisms of tumor, atherosclerosis, diabetes, and aging
were associated with the ROS*®. Mitochondrion was
the mgor site of ROS production and was the major
place to be injured by ROS®. The function of mito-
chondrion in macrophage was active. |n this paper,
we examined whether GLPP could protect the mice
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peritoneal macrophagesagaing the injury by ROS.

MATERIALSAND METHODS

Drug Ganoderma lucidum polysaccharides pep-
tide (GLPP) isolated from Ganoderma lucidum (L eyss
ex Fr) Karg by boiling water wasprovided by Fuzhou
I ngtitute of Green Valley Bio-Pharm Technology. GL PP
was hazel colored powder with an average molecular
weight of 5.13x10° and contained 16 kind of amino
acids as follow:

A 8.49, Thr 3.58, Ser 3.93, Glu 5.81, Gly 3.50,
Ala 3.84, Cysl.06, Va 2.68, Met 5.33, I1so-Leu 0.25,
Leu 1.5, Phe 1.99, Lys 3.30, His 1.21, Arg 3.94,
Prol.22 (mg/g). The polysaccharides peptide consisted
of rhamnose, xylose, fructose, galactose, glucose with
molar ratio of 0.549:3.614:3.167:0.556:6.89 and linked
together by b-glycosdic linkages.

MTT, RPMI-1640, and tert-butylhydroperoxide
(tBOOH) were purchased from Sigma.

Animas BALB/c malemice (weighing 20 g+2 g)
were purchased fromthe Animal Center of Beijing Uni-
versity Health Science Center (Grade I1, Certificate Hz
sxk11-00-0004).

Cdl culture BALB/c mice were randomly di-
vided into 4 groups. Themice in the treated group
werereceived GL PP (50, 100, 200 mg/kg, ip). The
mice inthe control group received 0.9 % norma saline
ip for 5 d. Onthe 7th day, the mice peritoneal mac-
rophages were prepared asdescribed previoudy™. The
cellswere seeded on 96-well plate a acell densty of
2x10°/L in RPMI-1640 containing 15 % calf serum.
After incubated in 5 % CO, atmosphere at 37 C for 4
h, cellswere washed with PBSthreetimes. Then tBOOH
(0, 0.77, 0.1, 0.22 mmol/L) contained in culture me-
dium was added and incubated for another 24 h.

Macrophages of untreated mice were prepared as
above and seeded on 96-well plate. The cells were di-
vided into 5 groups and the macrophages of each group
were added with GLPP 0, 3.125, 12.5, 50, 200 mg/L,
regpectively. After incubated for 24 h, tBOOH 0.1 mmol/
L was added and incubated for another 24 h.

MTT assay To determine survival rate of
macrophages, MTT assay was performed as previoudy

described™. The absorbance was measured in the
ELISA plate reader at 540 nm.

Statistics Datawere expressed as mean+SD and
analyzed by oneway ANOVA.

Morphology Male mice were divided into 3
groups. Micein thetreated group werereceived GL PP
(100 mgkg, ip). MiceintBOOH injury group and con-
trol group received 0.9 % salinefor 5d. On the 7th
day, the mice were sacrificed and macrophageswere
prepared as above then the macrophages were seeded
on 6-well plate. The macrophages of thetreated group
andtBOOH group wereinjured with tBOOH (0.1 mmol/
L for scandectron microscope or 0.01 mmol/L for trans
mission electron microscope) for 24 h. The macroph-
ages of control group were treated with equal volume
of RPMI-1640 medium. Then the macr ophages were
harvested, fixed, and observed.

RESULTS

Survival rateof macrophages The survivad rate
of macrophages exposed to tBOOH (0, 0.1, 0.22 mmol/
L) for 24 h was increased respectively by GL PP (100,
200 mg/kg) invivo (Tab 1). GLPP (3.125, 12.5, 50,
200 mg/L) adso increased the surviva rate of macroph-
agesin vitro (Tab 2).

Tab 1. Protective effects of Ganodermapolysaccharides pep-
tideip on thesurvival rate of macrophagesincubated with
tBOOH for 24 h. n=6. MeanSD. P<0.05, P<0.01 vs GL PP
0 mg/kg.

Survivd rate/%
tBOOH/mmol- L* 0 0.77 0.1 0.22

GLPP Omg-kg® 100 7516 72.2422.0 3515
50mg-kg* 100  80%3 63t6 5816
100mg-kg® 100  88%7 92+ 96+15°
200mg-kg® 100 77+13 7848 74x17°

Morphology Under the light microscope, above
half of the macrophages appeared asteroid and there
wasno or little phagocytic granule before treatment with
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Tab 2. Protectiveeffects of GL PP on the survival rate of
cultur ed macrophagesincubated with tBOOH (0.1 mmol/L)
for 24 h. n=4. Mean+SD. ®P<0.05, °P<0.01 vs control.

Concentration Survival rate/%
of GLPPImg™  Before-treatment After-treat ment
0 100 29.4+1.9
3.125 100 58415
125 100 52+6"
50 100 61425
200 100 90+16°

tBOOH. After treated by tBOOH, macrophagesin con-
trol group becameround and the granuleincreased. The
injury of macrophages increased following the increase
of the concentration of tBOOH. Cell appeared foam
and lipid dropletswere found. Necrosiswasfound in
part of the macrophages. Cell debris could be seen and
the number of macrophages decreased. Theinjury of
macrophages treated with GLPP decreased. Most of
the macrophages gills appeared asteroid and the gran-
ule and the lipid droplet of macrophageswere reduced.
GLPP showed protective effects on macrophages
againg injury by tBOOH invivo (Fig1A, B, C). GLPP
al 0 showed the protective effects on macrophages
againg injury by tBOOH inwitro.

Scan el ectron microscope showed that in tBOOH-
injured group, the microvilli of the macrophages were
short and scare, with spot like distribution and part of
the membrane even became smooth. The microvilli
were injured dightly or kept intact in the GL PP-treated
group (Fig 2A, B, C). Under thetransmission electron
microscope, injured mitochondria were obvioudy ob-
served in tBOOH-treated group. There appeared huge
mitochondria and some of the mitochondria become
gratified. Rough endoplasmic reticulumswere reduced
in numbers. Many lipid droplets appeared and alot of
macrophages showed foamy change. In GLPP-treated
group, the injury of mitochondria was decreased. The
cristae of the mitochondria were dightly disorganized
but the dructure was still intact. Endoplasmic
reticulums weretubiform and vesiculiform. There was
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Fig 1. Effects of GLPP on the mice macrophagesinjured by
tBOOH. Light microscope, x400. A: Control (without treat-
ment with tBOOH); B: treated with tBOOH; C: GLPP-
treated group.

little lipid droplet and foamy changesin the structure of
mi crophages cytoplasm (Fig 3A, B, C). GLPP pro-
duced protectivemacrophages againg injury by tBOOH.

DISCUSSION

tBOOH, membrane-permeant oxidant has been
extensively used as amodd of oxidative in different
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Fig 2. A macrophageincubated with tBOOH (0.1 mmol/L)
for 24 h was observed under thescan eectron microscope.
A: Longmicrovilli were observed in control group (x11 000);
B: Membrane of macrophages became smooth in the
tBOOH-treated group (x11 000); C: A few of microvilli of
macrophages were slightly short in GL PP-treated group
(x8000).

system™. In thisstudy, we used it asan oxidant to
produce oxidative damage stress on macrophages. The
result showed that GL PP could prevent tBOOH-induced
cell oxidative injury invivo andin vitro. GLPPincreased

Fig 3. Structure of microphages incubated with tBOOH
(0.01 mmol/L) for 24 h was observed under transmission
eectron microscope. A: The structure of mitochondriawas
normal in control group (%30 000); B: Structure of mito-
chondriabecame stratified in thetBOOH-treated group
(x25000); C: Thecristae of mitochondriawas slightly dis-
organized or unchanged in GL PP-treated group (%30 000).

the surviva rate of macrophagesinjured by tBOOH.
Themorphology change under thelight microscope and
eectron microscope showed that GL PP could protect
the cell organelles such as mitochondria and endoplas-
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mic reticulums againg injury. The mitochondria, which
were the mgjor ste producing ROS and aso subjected
to great injury by ROS, were sgnificantly protected. It
suggested that GL PP had potentia scavenging ROS and
antioxidant effects.

REFERENCES

1

Le LS, Lin ZB. Effects of Ganoder ma polysaccharides on
the activity of DNA polymerasea in spleenocytes and im-
mune function in aged mice. ActaPharm Sin 1993; 28: 577-
82.

Zhang QH, Lin ZB. Study on antitumor activity and mecha-
nism of Ganoder ma polysaccharides B. Chin J Integrated
Tradit West M ed 1999; 19: 544-7.

Lin ZB, editor. Modern research of Ganoderma. Beijing:
Beijing Medica University Publishing House; 2001.

Gui XF,Wang L, Yang YH, Chen XL, Pei R. Thestudy of
protecting kidney cortical from radicas with the use of
Ganoderma lucidum injection. ChinJ Biochem Pharm 1996;
17: 188-90.

Yang HL. Freeradica and tumor. In: Yang HL, Pan XX, Wu
YK, editors. Advanced pathophysiology. Beijing: Science
Press; 1998. p 433-51.

Hessler R, Robertson AL Jr, Chissoml GM. LDL-induced
cytotoxicity and itsinhibition by HDL in human vascular
smooth muscle and endothelia cdl in culture. Atherosclero-
sis 1979: 32: 213-29.

Ceridlo A, Morocutti A, Mercuri F, Quagliaro L, Moro M,
Damante G, & al. Déefectiveintracdlular antioxidant enzyme
production in type | diabetic patients with nephropathy.
Diabetes 2000; 49: 2170-7.

Mecocci P, MacGarvey U, Kaufman AE, KoontzD, Shoffner
IM, WallaceDC, et al. Oxidative damage to mitochondrid
DNA showsmarked age-dependent increase in human brain.
Ann Neurol 1993; 34: 609-16.

Shou TD. Aging, death and carcinomatous change of cell. In:
Shou TD, editor. Introduction of modern biology. Hefei:

University of Science and Technology of ChinaPress; 1998.
p 194-6.

10 E Z, editor. Technique inthe cultureof tissueand cedll. Beijing:
Peopl€ s Medical Publishing House, 1997.

11 Zhang JT, editor. Modern experimental method in phar-
macology. Being: Bejing University and Peking Union
Medica College Publishing House; 1998.

12 Schilling WP, Elliott SJ. Ca* signaling mechanisms of vascu-
lar endothelial cells and their rolein oxidant-induced endothe-
lid cdl dysfunction. Am J Physiol 1992; 262: H1617-30.

, 2 (
) 100083, )

(GLPP)

(ROS) (tBOOH )
tBOOH
. MTT :
: GLPP
50, 100, 200 mg/kg 5

GLPP 3.125, 12.5, 50, 200 mg/

L. . , GLPP{100
mg/kg) 5
tBOOH ; : GLPP

( )



