Doldcyo Journal of Medical Sciences
28(2-3). 745-752,2001

745

Originab

Preventive Effects of Active Hexose Correlated Compound
(AHCC) on Oxidative Stress Induced by Ferric
Ni1rilotriacetate in the Rat
Shuyi Wang, Kaoru lchimwa and Koji Walcame •

Department of Biocbanistry, Dokkyo Univasity School of Medicioe, Mibu, Tochigi. 321· 0293 Jllplll wm1
• Research ud Devclopmmt Depallmeot, Amino UP Chemical Co Ltd., Sapporo, Hokbido, 004- 0839 JapM

SUMMARY
Ferric nitrilotriacefate (Fe - NTA) is a strong oxidant, which generates highly n:active hydroxyl redical and
causes injuries of various organs including the kidney and liver. The formation of8- hydroxy- 2' deoxyguanosine (8- OHdG) adducts in the renal DNA is one of the earliest events after ~tment with Fe NTA. Since Active Hexose Correlated Compound (AHCC), an extract of fungi, bas been shown to act as an
antioxidant, its protective effect on the oxidative stress induced by Fe - NTA was examined in the Jm*!Dt study.
AHCC at 3% in drinking water was given to tn.ale Wister Bts for 1 week, then Fe- NI'A was injected
intraperitoneally. At 3 h after the treatment with Fe- NTA, levels of 8- OHdG in the bladder urine, creatinine in
the serum, thymic apoptosis, serum levels of aspartate and alanine aminotrlln!fet'BSeS were significantly
increased.
All of these increases were rcsto~ to normal by the AHCC pretreatment. These results suggest that AHCC is
potent in restoring the disorden; of various organs induced by oxidative stn:sson~.
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INTRODUCTION
Reactive oxygen species (ROS) including superoxide
(02- ), hydrogen peroxide (11202), hydroxyl radical
(. OH) are constantly generated in aerobic respiration
in response to both external and intemal stilllulil). L<lw

levels ofROS play an important role in sigoal
transduction, cell proliferation, apoptosis, immunity and
defense mecbaniam H . High levels ofROS, however,
cause scv~ metabolic malfunctions and damage to
biological macromolecules. For example, excess ROS
induce oxidative damages to nucleic acids and proteins,
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decrease the efficiency of DNA polymerase repair and
activity of signal transduction and cause cell death by
apoptoais or necrosis z,s,6 • ROS induce chemical changes
in bases and change in DNA conformation,
causimutation 4• 7 • Damage to DNA by ROS is critical for
carcinogenesis. Mon:Qver, the accumulation of free
radical- mediated damage in DNA is the major cause of
the physiological ch.angea associated with aging 8•
Animals including human possess numerous
machineriea of antioxidative defense by themselves.
Such defense mechaniSDII within the organiam have
evolved to limit the levels of reactive oxidants and lbe
damage that they inflict 6• Enzymes involved in ruch
mechaniama include superoxid.e diamutue (SOD),
glutathione peroxidase BDd catalase. Moreover, there
exist many structural defenses, for example,
sequestration ofH2~-genenting CDZyme8 in
peroxisomes and chelation of any
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thymic apoptosis induced by dexamethasone 18 ,
suggesting that AHCC acts as an antioxidant.
Ferric nitrilotriacetate (Fe~ NfA) is a chemical that
induces severe oxidative damage by Fenton n~action, in
which the very reactive hydroxyl Bdical is gcocrated1 ~23 •
It acts as a potent ncphrotoxin, caus~
incidence of
renal cell carcinoma in rats and mice1• • 1 . Fe- NTA
treatment results in renal DNA damage, including
formation of 8 - hydroxy ~ 2' ~ deoxyguanosine (80HdG) in the renal DNA through the generation of active
oxygen radicals. The increase in urinary excretion of 8~
OHdG reflects the oxidative DNA damage in vivo 19• 25•
Creatinine levels in the sentm are significantly increased
following Fe~ NfA treatment 19, 23i. Fe~ NTA also can
induce hepatic injuries acting through the generation of
ROS26• These damages done to several organs arc
ameliorated by antioxidants27• 21•
The objective of our present study is to examine
whether or not AHCC has the preventive effects on the
damage induced by oxidative stress in rats treated with
Fe- NTA. Our present study deals with the beneficial
effects of AHCC on the damage of various organs
induced by Fe - N1 'A.

free iron or copper salts in transferrin and ferritin or
ceruloplasmin to avoid the product of Fenton reaction,
Oz -9.
Epidemiological studies have suggested that
antioxidative supplements, such as diet.ary antioxidants of
small molecules, including vitamin C (ascorbate),
vitamin E (tocopherol) and carotenoids are potent in
preventing carcinogenesis 10' 11 • Thus, natural plant
components have been expected to provide oxidative
defenses against cancer and degenerative diseases caused
by oxidative stn:ss. Active Hexose Correlated
Compound (AHCCN Amino UP Chemical Co. Ltd.
Sapporo) is a mixture ofpolysaccharides, amino acids
and minerals derived from fungi. It is obtained by hot
water extraction after culturing mycelia of several
basidiomycetes in a liquid culture tank and treating them
with several enzymes 12 • The main active component of
AHCC is a mixture of olignsaccharides whose average
molecular weight is approximately 5,000 12. 13• The
chemical analysis bas revealed that polysaccharides are
the major components of AHCC, consisting pproximately
74o/•. Nearly 200/o of tile polysaccharides are a~ 1, +
glucan and its acetylated forms, which are thought to be
active components 12• AHCC also contains some other
polysaccharides includingft- glucans. Both a~ andftglucans are shown to be ~onsible for the antitumor
effects of Basidiomycetes 1 • It has been reported that this
extract shows various beneficial effects in humans and in
experimental animals acting either as a biological
response modifier {BRM) or an antioxidant. It was
shown that AHCC was effective in suppressing growth of
experiment cancers in mice and rats such as SST- 2
tumor and breast cancer 13 • AHCC enhances a helper T
cell I (Thl) response in susceptible BALB/c mice,
specially increasing interleukin (IL)- 12 levels 15). It
was also found out that Tb1 cytokines levels such as
tumor necrosis factor (TNF) ~ a and interferon {IFN) - y
were increased in~ to AHCC treatment AHCC is
used clinically as a successful complementary therapy for
cancer patients 16• AHCC treatment after surgical
operation could improve the quality of life (QOL) of
patients with malignant tumors and increase tile survival
rate by inlnbiting tumor metastasis 16• AHCC can also
prevent the onset of the diabetes induced by 9trcptozotocin 17• Recently, we have found that AHCC suppresses
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MATERIALS AND METHODS
1. Materials. Lyophilized AHCC was prepared by
Amino UP Chemical Co. Ltd. (Sapporo, Japan). Fe ~NTA
solution was prepared immediately before use as
previously d.escnbed22). Nuclease Pl was obtained fium
Sigma (St. Louis, MO, USA).
2. Animals. Studies with the rats were approved by
Animal Care and Use Committee, Doklcyo UniV1mity
School ofMedicine. The animals ~ treated according
to guidelines for the Care and Use of Laboratory
Animals oftile Committee. Male Wistarrats of8- weeks
old ~purchased from Charles River Japan Inc.
(Kanagawa. Japan). The animaJs were kept in a room at
23 : 2"C with 12 h light and dark cycle and kept free
access to food and water.
Twenty- one rats were divided into four groups. Two
groups received 3% AHCC as a drinking water for a
week. The concentration of AHCC and the duration of the
treatment were chosen according to our previous
results I&. Control groups received only tap water for a
week. Fe- NfA (15 mg/kg body weight as Fel+ was
injected intraperitoneally to two groups; one of them
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RESULTS

was AHCC - pretreatment group, and the other W88 the
control group. Fe- NfA effects at this dose were
maximal at 3h of the treatment as shown by others 27.21.
3. Blood sampling and organ preparation. Rats were
sacrificed by decapitation at 3h after Fe - NTA-tmltment
Blood samples were collected into sampling tubes. Serum
samples were obtained after centrifuging at 4°C for IS
min at 3,000 rpm. The sera thus obtained were used for
the assay of serum aminotransferases and creatinine.
Thymus glands were removed and washed in cold
phosphate - buffer solution (PBS), then put into the tubes
which contained coUagenese- EDTA for apoptosis assay.
Urine samples were taken from urinary bladder of rats for
8- OHdG assay.
4. 8- OHdG assay in the urine. Urine samples were
centrifuged at 10,000 rpm, and the supernatant was used
for ELISA analysis. 8- OHdG was assayed by ELISA
kits, which were prepared by Japan Institute for the
Control of Aging (Shizuob, Japan) .
5. Detection ofapoptosis by flow cytometry. Cell
suspensions were obtsined after collagenase - EDTA
(0.25% in PBS) treatment and filtration through nylon
mesh. The cell suspensions were washed with PBS (pH
7.4), adjusted to a concentration of 1.5 x 106
celllmL.Then the cells were centrifuged at 200 x g for 5
min. The 200 x g centrifuged cell pellet was gently
resuspended inl.S mL hypotonic fluorochrome solution
containing propidiwn iodide (PI, 50 v.glmL in 0.1%
sodium citrate plus 0.1% Triton x l 00) , in polypropylene
tubes. The tubes were placed at 4°C in the dade overnight
before the flow cytometric analysis. Flow cytometry was
carried out by analyzing 10,000 cells per test using a
FACSCalibur (Becton Dickinson, Mountain View, CA,
USA).
6. Creatinine and amiMtransferase assays. Creatinine
in the serum was assayed by creatinine kit. The activity
of alanine aminotranstmse (ALT) , aspartate
aminotrans- ferase (AST) in the serum were routinely
assayed by commercial kits.
7. Statistical analysis. All the data were expressed as
mean: SEM. Analysis of variance (ANOVA) was
performed and Scheffe's multiple comparison test was
applied to test for the differences between individual
groups. A, p value less than 0.05 was considered
statistically significant.

I. 8- OHdG in the bladder urine
First we observed the noxious effects of Fe- NfA in
the kidney and the effects of simultaneous administration
of Fe- NTA and AHCC on the renal function. 8- OHdG
in the bladder urine increased significantly at 3 h after
treatment with Fe - NTA. A significantly lower level of
8 - OHdG in the urine of AHCC pretreated rats was
observed, when compam:l with that of the rats treated
with Fe- NTA alone (Fig. 1).
2. Creatinine in the serum
Tbe enhanced serum creatinine levels, which depend
on glomeruls- filtration rate, are indicatiw of renal
injury22. 23. In our experiment, the creatinine levels in
the serum increased significantly in the rats treated with
Fe- NfA treatment alone, while AHCC -pretreatment
restored the increased levels to normal (Fig. 2).
4. Serum A.ST and ALT
Hepatic injuries induced by Fe- NTA ~assessed
by measuring the activity of serum aminotransferases.
The aerum levels of AST and ALT were elevatM in the
Fe - NfA- treated group than those in the control and
AHCC groups (Figs. 3, 4). AHCC -pretreatment
decreased AST and ALT levels in the serum significantly
to the normal levels.
3. Thymic apoptosis
Thymic apoptosis in the Fe- NfA treated rats
increased significantly compared with that in the control
and AHCC groups. Thymic apoptosis in the F~ NTAAHCC treated rats was much lower than in the rats
treated with Fe- NTA alone (Fig. S).
DISCUSSION

The results of the present study have shown that FeNTA increases the urinary levels of 8- OHdG, and serum
levels of creatinine, AST and ALT. All these changes
induced by Fe - NfA have already been observed by
others, showing that this toxin damages both the lcidney
and the liver 19• 22. 23• In the present study it was first
shown that thymic apoptosis wu induced by this
chemical. These changes may be closely usociatM with
oxidative stress, because Fe~ NI'Aproduces ROSin
vivo. All the Fe - NfA - induced changes obserwd here
are restored to nonnal by the pretreatment with AHCC
for 1 week. The JCSUltB seem to suggest that AHCC can
protect
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Flg.l: Effects of Fe- NTA and AHCC on 8- OhdG levels in urinary bladder urine. Urine samples in the
urinary bladder were withdrawn immediately after sacrifice. Fe- NTA (15 mg Fe 3+1Kg) was injected i.p.
3h before experiment. AHCC at 3% in drinking water was given for a week. Data are shown as means
+ SEM with the numbers of determination in parentheses.
*, p< 0.001 vs. control group.
a, p< 0.001 vs. AHCC + Fe-NTA group.
Abbreviations~ as follows: FNT, Fc-NTA, ferric nitrilotriacetate; AHCC, Active Hexose Correlated
Compound and 8- OhdG, 8- hydroxyl- 2'- deoxyguanosine
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Fig.l: Effects ofFe- NTA and AHCC on serum creatinine levels. Creatinine in the serum were assayed
by creatinine kit. Data are shown as meanJI :1: SEM with the numbers of determination in parentheses.
•, p< 0.001 vs. control group.
a, p< 0.001 vs. AHCC + Fe-NTA group.
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Fig. 3: Effects ofFc: ~ NfA and AHCC on serum alanine lliDinotnmsferase (ALT) levels.
ALT was assayed by commercial kit Data are shown BS means :i: SEM with the numbers
of determination in parentheses.
•, p< 0.001 vs. control group.
a, p< 0.001 vs. AHCC + Fe-NTA group.
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Fig. 4: Effects of Fe- NfA and AHCC on serum aspartate aminotransferase (AST) levels.
AST was assayed by commercial kit. Data arc shown as means ;:1:: SEM with the numbers
of determination in parenthe8es.
•, p< 0.001 vs. control group.
a, p< 0.001 vs. AHCC + Fe-NTA group.
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Fig. 5: Effects ofFe- NTA and AHCC on the thymic apoptosis.
Apoptosis was estimated by flow cytometry using F ACSCalibur. Data are shown as
means :i: SEM with the numbers of detennination in parentheses.
•, p< 0.001 vs. control group.
a, p< 0.001 vs. AHCC + Fe-NTA group.
!!Uppresses the increase in the enzyme activi~ . FeNTA injected intraperitoneally into rats increasea plasma
levels of the two aminotransferascs, ALT and AST and
AHCC pretreatment normalized the elevated enzyme
activities. These findings suggest that AHCC protect the
hepatic damage induced by oxidative stress ofFe -NTA.
Thymic apoptosis is induced by glucocorticoids and
oxidative smss and suppressed by antioxidants such as
melatonin30, Recently we have found that AHCC
suppresses thymic apoptosis induced by dexamethasone 18• All these findings suggest that AHCC acts as
an antioxidant. It is not known yet if AHCC acts directly
as an antioxidant to scavenge ROS or induces some
enzymes, which cleavage ROS. It still remains
unclarificd which components of AHCC are responsible
for its protective effect against oxidative stress. Our
preliminary experiments have revealed that AHCC itself
has no antioxidant effect on thymocytes in vitro (data not
shown). The study is cummtly under way to test the
effects of individual a- and - 8 glucans purified from
AHCC.

damages of various organs caused by ROS.
Fe- NTA is a renal toxicant rmd carcinogen in rats and
mice 20• 24 • This chemical increases 1118.Ibdly the urinary
excretion of 8- OHdG which is a useful marker for
measuring the level of oxidative DNA damage1 ~· 2 '. The
damage in DNA is closely associated with aging and
carcinogensis a. 19• 20• n, 24• A common form of DNA
damage is the formation ofhydroxylated bases, which is
considen:d to be an important event in carcinogenesis
induced by oxidative stress. The formation of8- OhdG
has been shown to be suppressed by antioxidants such as
vitamin E, vitamin C and methionine 10• 11 • Many other
antioxidants have been shown to protect the injuries
iDduccd by Fe- NfA For example, N- acetylcysteine
(NAC), a precursor of intracellular cysteine and
glutathione, prevents renal damage induced by Fe- NTA
in the rat 28 • Alpha- tocopherol, a lipid- soluble
antioxidant, ameliorati:S renal wolifemtive response rmd
toxicity induced by Fe -NTA . AHCC decreased the Fe
- NTA - increased 8- OHdG levels in the urine,
suggesting that this compound prevents mutation by
scavenging ROS.
It is reported tbat Fe- NTA incm~SeS the hepatic
ornithine decarboxylase (ODC) and that the p~treatment
of rats with butylhydroxytoluene (BIIT), an antioxidant,
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