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Effect of dietary supplementation with Agaricus sylvaticus fungus on
the hematology and immunology systems of breast cancer patients
undergoing chemotherapy
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OZET

Amagc: Kanser hastalan hastaligin seyri sirasinda
immiinolojik ve hematolojik degisimler gelismesine
Tibbi mantarlar, prognozda iyilesme
ve fizyolojik yamt1 artinci etkiyle bagisiklik ve
hematopoetik sistemleri uyarabilirler. Bu calismada

egilimlidir.

Agaricus sylvaticus ile besin takviyesi sonrasi
kemoterapi goren meme kanserli hastalardaki
hematolojik ve immiinolojik parametrelerin

degerlendirilmesi amaglanmistir.

Yontem: Randomize secilmis, cift-kor, plasebo
kontrolli bir calisma uygulanmistir. 46 hastaya (grup Il
ve lll) rastgele olarak ya plasebo ya da besin kaynag
olarak A. sylvaticus (2,1 g/glin) verilmistir. Hastalara
3 doz (n=26) ve 6 doz kemoterapi uygulanmis, klinik
ve laboratuvar degerlendirmeleri yapilmistir. Calisma
sonuglart Microsoft Excel 2003 ve R-version 2.11.1
kullanilarak analiz edilmis ve p<0.05 oldugunda sonuglar
anlamli kabul edilmistir.

Bulgular:  A. sylvaticus grubunun hematokrit
(p=0.04), kirmzi kan hucresi sayis1 (p=0.03),
ortalama korpuskiiler hemoglobin konsantrasyonu

(p=0.001), lokosit, monosit (p=0.001) ve total lenfosit
sayis1 (p=0.009)’nda artis gorulmistir. Bu gruptaki

ABSTRACT

Objective: Patients with cancer tend to develop
hematological and immunological alterations during the
disease process. Medicinal fungi can stimulate the immune
and hematopoietic systems, promoting improvements in
the prognosis and physiological response. In this trial
it is aimed to evaluate changes in hematological and
immunological parameters in patients with breast cancer
undergoing chemotherapy after dietary supplementation
with Agaricus sylvaticus.

Method: A randomized, double-blind,
controlled study was carried out. 46 patients (stadiums

placebo-

Il and Ill), were randomly assigned to receive either:
nutritional supplement with A. sylvaticus (2.1 g/day) or
placebo. Patients received three cycles (n=26) and six
cycles (n=20) of chemotherapy. Clinical and laboratory
evaluations were performed. The results were analyzed
using Microsoft Excel 2003 and R-version 2.11.1,
significant results at p< 0.05.

Results: The A. sylvaticus group showed an increase
of hematocrits (p=0.04), red blood count (p=0.03),
mean corpuscular hemoglobin concentration (p=0.001),
leukocytes (p=0.03), monocytes (p=0.001), and total
lymphocyte count (p=0.009) after three months. Those
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degisiklikler  plasebo
6 ay sonra da A. sylvaticus alan hastalar total lenfosit
sayist (TLC) (p=0.02), notrofil (p=0.02),
(p=0.02), lokosit (p=0.02), korpuskiler hemoglobin
konsantrasyonu  (p=0.02), (p=0.02),
hemoglobin (p=0.02) ve kirmizi kan hiicresi (p=0.02)
dizeyinde artis gostermistir. Plasebo grubu TLC
(p=0.01) ve bazofil (p=0.005) ve lokosit (p=0.004)’lerde

azalma gostermistir.

grubunda  gozlenmemistir.

lenfosit

hematokrit

Sonug: Calisma sonuglart kemoterapi alan meme
kanserli hastalarda A. sylvaticus’un besin takviyesi olarak
alimimin faydali olacagini 6nermektedir.

Anahtar Sozciikler: Hematolojik sistem, immun

sistem, kemoterapi, A. sylvaticus

INTRODUCTION

Breast cancer is the most prevalent malignant
cancer among women worldwide. Based on confidence
data from the Brazilian Ministry of Health the experts
estimate the existence of more than 49.000 new cases
in Brazil annually both 2010 and 2011. Urbanization,
increasing access to education and, health care
is directly associated with improvement of breast
cancer notification and management (1-3).

It is well known that treatment for breast cancer
is complex and varies according to the histological
diagnosis, age, clinical management, treatment,
surgery and staging of the disease (4-6). Factors
associated with tumor growth and chemotherapy can
cause functional damage mainly in the hematological
and immune systems of this patients.

It is important, additionally, to consider the side
effects caused by conventional cancer treatments
because could reduce significantly the caloric intake
and absorption of nutrients, complicating treatment
and reducing quality of life (7-11).

Chemotherapy is a treatment method widely used
to treat breast cancer. The therapy aims at striking
cell populations in different phases of the cell
cycle, interfering with the reproduction, eliminating
the hidden spread of the disease. However, during

60

Turk Hij Den Biyol Derg

AGARICUS SYLVATICUS FUNGUS AND BREAST CANCER PATIENTS

changes were not observed in the placebo group.
After six months, patients sylvaticus
showed increased levels of red blood count (p=0.02),
hemoglobin (p=0.02), hematocrits (p=0.02), corpuscular
hemoglobin concentration (p=0.02), leukocytes (p=0.02);
lymphocytes (p=0.02), neutrophils (p=0.02) and TLC
(p=0.02). The placebo group showed a reduction in
leukocytes (p=0.004), basophiles (p=0.005) and TLC

(p=0.01).

receiving A.

Conclusion: The results suggest the usefulness of
dietary supplementation with A. sylvaticus in patients
with breast cancer undergoing chemotherapy.

Keywords: Hematological system, immune system,
Chemotherapy, A. sylvaticus

treatment, chemotherapy can also destroy normal
cells and cause serious side effects (7-8).

The most serious complication of chemotherapy is
bone marrow suppression, with consequent worsening
of hematological and immunological patterns that
lead to systemic infection, coagulation disorders,
amenorrhea and ovarian failure (6-11).

Different studies have suggested that the Agaricus
sylvaticus mushroom, a fungus from the Agaricaceae
family, has modulatory substances such as lectin,
B-Glucan, proteoglucans, ergosterol, and arginine.
The use of A. sylvaticus as adjuvant therapy to
conventional treatment has showed promising results
improving the quality of life of cancer patients
(12-17).

The use of A. sylvaticus fungus as a dietary
supplement in patients with various types of cancer
has been studied (1-2). Although it’s active mechanism
is not clear yet (3), researchers have shown that the
use of this mushroom acts to inhibit tumor growth
and stimulate the hematological and immunological
systems (12-17).

Experimental studies in animals and in vitro using
cell lines of malignant breast cancer and other cancers
have shown that preparations containing extracts of
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A. sylvaticus have favorable effects improving blood
(17-29).
clinical studies in patients with breast cancer show a

profile and immune response Likewise,
significant increase in red cell count and a change in
host biological response by stimulating the immune
system, preventing the proliferation of cancer cells,
metastasis and the recurrence of malignant cells
(30-36).

The aim of this study was to evaluate changes
in hematological and immunological parameters of
patients with breast cancer treated with conventional
chemotherapy at the Oncology Clinic, Federal District
Hospital - Brazil, after three and six months of dietary
supplementation with fungi A. sylvaticus.

MATERIAL AND METHODS
Study setting

A randomized, double-blind, placebo-controlled
trial was carried out at the Oncology Clinic of the
Federal District Hospital in Brazil, from September
2007 to July 2009.

Enrolment and subject selection

The subjects were 46 women with breast cancer
receiving chemotherapy treatment at the hospital;
26 undergoing three chemotherapy cycles and 20
undergoing six chemotherapy cycles.

Among women undergoing three chemotherapy
cycles 14 were diagnosed in stadium Il and 12 in
stadium . Of the patients undergoing 6 chemotherapy
cycles 10 were located in stadium Il and 10 in stadium
lll. Patients were separated in placebo group [(group
of 3 cycles, n=13), (group of 6 cycles, n=10)], and
supplemented with A.
(3 cycles, n=13), (group of 6 cycles, n=10)].

sylvaticus fungus [group

Inclusion criteria

Only women among 40 and 65 years old with breast
cancer in stadiums Il or Ill undergoing chemotherapy
were included.
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Ethics

The research process was approved by the Ethics
Committee of the Ministry of Health of the Federal
District, under protocol No. 041/2007. The enrolment
also required that the agreement model were
signed by patients, after being fully informed about
the aim of the study and the characteristics of the
product under investigation. The doctors signed the
agreement model as well as the patients.

A. sylvaticus extract

The A. sylvaticus fungus, known popularly as Sun
Mushroom- Cogumelo do Sol®, was obtained from
a producer accredited by Empresa Brasileira de
Agropecuaria- Embrapa, in Tapirai Country, Sao Paulo
state.

The fungus’ extract was obtained by soaking the
dried material in hot water for 30 minutes, liquefied,
sieved and dried in a dissector. The composition
analysis of A. sylvaticus was conducted by the Japan
Food Research Laboratories Center, which revealed
the presence of carbohydrates (18.51 g/100 g),
(0.04 g/100 g), ergosterol (624 mg/100g),
protein (4.99 g/100 g), amino acids (arginine-1.14%
lysine-1.23%; histidine-0.51%, phenylalanine-0.92%,
methionine-0.32%
-1.03%  1-alanine, 28% glycine-0.94%
proline-0.95%, glutamic acid-3.93%, serine-0.96%,
threonine-0.96% acid aspart-1.81%, tryptophan-0.32%,
cysteine-0.25%) and trace amounts of micronutrients.

lipid

tyrosine-0.67%, leucine-1.43%,

valine

The dry extract was processed into tablets
The
dosage of fungus administered to patients in the
supplemented group was equivalent to 2.1 g/day,
divided into three daily doses. The group of patients,

according to pharmacotechnical procedure.

who received placebo tablets, was administered
the same quantities, with the same ingredients and
calories, but without A. sylvaticus extract.

All patients ingested six tablets a day (two in the
morning, two in the afternoon and evening, between
meals) for a period of three and six months.
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Clinical outcome

A validated questionnaire, full physical exam
and interview were used to assess patients. The
questionnaire was applied on the first day. In
subsequent appointments directed interviews were
carried out. All data were collected by trained
researchers.

Up to six laboratory tests of complete patient
blood count were carried out: immediately before
and after supplementation. Blood collection was
performed following the criterion of 12 h fasting.
The collected material was deposited in dry
vacuum tubes to obtain serum, following protocols
recommended by the Brazilian Society of Pathology
for venous blood collection. The examinations were
performed at the Clinical Pathology Laboratory, Base
Hospital, Ministry of Health-Federal District, and
analyzed according to standardized reference values

utilized by this institution.

Regarding Complete Blood Count (CBC),
the samples were centrifuged and the analysis
performed in COULTER T-540 manufactured in
1988, The

determination of the analysis followed the principle

according to laboratory routine.
of flow cytometry, using the following reagents:
isotonic (diluents), litic (Hemolysing erythrocytes)
and clean Coulter (detergent used in washing the

machine).

All  patients were contacted weekly by
to classify doubts,

check the appropriate use of mushroom according to

researchers, via telephone,
guidelines and confirm appointments, thus ensuring
greater adherence to treatment and control over the
continuity of study.

Dropout patients were considered those who only
attended the first consultations or did not attend
consultations during the three months or underwent
less than four tests. Mushrooms were made
available to patients who wished to use mushroom

supplementation after the end of study.
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Statistical Analysis

Patients were separated into groups of three and
six chemotherapy cycles and later on in placebo and
A. sylvaticus groups in order to compare results.
All collected data were analyzed as qualitative and
descriptive, using Microsoft Excel 2003 for database
and statistical software R: Regulatory Compliance
and Validation Issues for statistical analysis, version
2.11.1.

RESULTS

After six months of attendance at the Oncology
Clinic of the Federal District Hospital, 46 patients
with breast cancer completed the study; they were
separated according to chemotherapy cycles and
later on placebo or study groups.

Results of Patients with three chemotherapy cycles

Patients with three chemotherapy cycles after
allocation into placebo or study groups presented the
following results: placebo (n=13) had a mean age of
50.61 + 6.65 years. Regarding stadium, 61.5% (n=8)
were in stadium Il 38.5% (n=5) in stadium Ill. Patients
supplemented with A. sylvaticus (n=13) had mean age
of 53 + 5.4 years. As for stadium, 46.2% (n=6) were in
stadium Il and 53.8% (n=7) in stadium Il of disease.

Placebo group showed a significant decrease
in serum levels of red blood cells, monocytes and
lymphocytes count. In group receiving A. sylvaticus,
there was a significant increase in red blood cell count,
hematocrit, corpuscular hemoglobin concentration,
leukocyte, monocytes and total lymphocyte count
after three months of supplementation (Table 1).

When comparing the first and third months of
chemotherapy, considering reference values from
3.9 to 5.03 / mm? for evaluation of red blood cells,
the placebo group showed significant decrease (from
4.47 £ 0.04 / mm® to 4.14 + 0.53, p = 0.02), while
the supplemented group showed significant blood cell
increase (of 4:31 + 0.29 / mm3 to 4.76 + 0.58, p = 0,
2003) (Table 1).
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Table 1. Results of red blood cell count series for patients in the placebo group and Agaricus sylvaticus with three

chemotherapy cycles

Placebo (n = 13)

Agaricus sylvaticus (n = 13)

Red Series Reference value
Initial Three months p-value * Initial Three months p-value *

'("ge/”c}l‘_’)g“’b‘” 12.66 +0.77 12.08+1.07  0.12 11.9+1.41  12.09:1.23  0.07 12 to 15.5 g/dl

'("%mat“”t 36.99+3.24 3460321 010  34.29+4.17 37.46:2.34  0.04 35-45%

RBC 4.47£0.44 4142053  0.02 431:029 476:058  0.03  3.9to5.00 10¢/myL

(108/mpL)

?ﬁ;’ 82.62 +6.58 89.49 +4.59  0.40 4.13+86.36 87.04:4.04  0.64 82-98 fL

MCH

oo 29.55+3.09 31.32:5.44  0.40 29.38+3.58 30.99+3.31  0.15 26-34 pg

MCHC

(@ d) 34.55+3.81 33.67:1.72  0.40 3246+ 111 34.94+ 2.1 0.001 31-36 g/dL

T-student tests applied. The values represent sit mean + standard deviation

* Comparison between baseline and after three months

Hemoglobin levels of both groups were no
significant considering reference values from 12 to
15.5 g/dL, however there was a slight hemoglobin
the group
A. sylvaticus (placebo group: 12 66 + 0.77 to 12.08
+ 1.07, p=0.12; study group: 11.9 + 1.41 to 12.9 =
1.23, p=0.07) (Table 1). There was a significant
increase in hematocrits value of group A. sylvaticus
(from 34.29 + 4.17 to 37.46 = 2.34, p=0.04).
For placebo group no significant value was
found (from 36.99 + 3.24 to 34.60 + 3.21, p=0.1)
(Table 1).

increase for supplemented  with

By analyzing hematological parameters, rates of
Mean Corpuscular Volume (MCV), mean corpuscular
hemoglobin (MCH) showed statistically significant
increase for both groups, the MCV values found
for the placebo group and A. sylvaticus
respectively: from 88.62 + 6.58 to 89.49 + 4.59,
p = 0.46, and 86.36 = 4.13 to 87.04 = 4.04,
p = 0.64; and MCH values for the placebo group
and A. sylvaticus: from 29.55 + 3.09 to 31.32 + 5.44,
p = 0.41 and 29.38 + 3.58 to 30.99 = 3.31, p = 0.15,
respectively (Table 1).

In relation to values of mean corpuscular
hemoglobin concentration (MCHC) there was a
significant difference for the A. sylvaticus group. There
was an increase in MCHC values when comparing the
first and last months of supplementation (from 32.46
+ 1.11 to 34.94 + 2.1, p = 0.001). As for the placebo
group there was no significant decrease (from 34.55 +

3.81 to 33.67 + 1.72, p = 0.45) (Table 1).

Regarding immunological parameters, the number
of white blood cells was observed. There was a
significant increase in the number of leukocytes (5.07
+ 1.54 to 5.9 £ 1.90, p = 0.03) for the A. sylvaticus
group. Findings in the placebo group showed a slight
decrease, but revealed no significant difference
(5.28 + 1.70 to 4.36 =+ 1.55, p = 0.26). Observed
reference values were 3.5 to 10.5 / mm? (Table 2).

The values of myeloid elements found revealed a
significant increase only in the number of monocytes
for group A. sylvaticus (5.67 + 1.76 7.007 = 1.41,
p = 0.001) and placebo (5.59 + 1.50 to 7.89 + 2.46,
p = 0.01). Regarding neutrophiles, eosinophiles, and
basophiles there was no significant difference for
both groups (Table 2).
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Regarding lymphocyte percentages, there was no
significant difference for both groups, however, for
total lymphocyte count (TLC) there was a significant
difference in the placebo groups with significant
reduction of data (1738.45 + 744 1115.15 + 218
for, 16, p=0.01) and for the A. sylvaticus group a
significant increase was revealed (from 1454.32 +
381.47 to 1931.39 = 649.60, p=0.009) (Table 2).

Platelets showed no significant values for the
placebo or the A. sylvaticus group. However platelets
presented a slight decrease for the supplemented
group (281 + 38.02 to 249 + 47.8, p=0.06), upon
comparing the first and third months of follow up
(Table 2).

Outcome of Patients with six chemotherapy
cycles

After six months of attendance at the Oncology
Clinic, 20 patients with breast cancer completed the

AGARICUS SYLVATICUS FUNGUS AND BREAST CANCER PATIENTS

study, which were separated into placebo or study
group (A. sylvaticus).

Patients in the placebo group (n=10) had mean
age of 48.2 + 3.64 years. With regards to stadium,
30% (n=3) were in stadium Il 70% (n=7) in stadium Ill.
Patients receiving A. sylvaticus (n=10) had a mean
age of 52.3 + 5.86 years. As for stadium, 40% (n=4)
were in stadium Il and 60% (n=6) in stadium Il of
disease.

Data analysis was performed on two times. Initially
first and third month’s chemotherapy was compared.
After that a comparative analysis was performed
between the first and sixth month of observation.
This evaluation was performed for placebo and
A. sylvaticus groups.

Regarding CBC results, the group supplemented
with A. sylvaticus, showed significant levels of

red blood cells, hemoglobin, hematocrit, mean

Table 2. Results of white blood cell counts for patients in the group and Agaricus sylvaticus with three chemotherapy

cycles
Placebo (n = 13) Agaricus sylvaticus (n = 13)
White * * Reference
Series Initial Three months & 3 Initial Three months & g value
g g
Leukocytes 5.28 + 1.70 436+155 02  5.07+1.54 5.9241.90 003 10335
(/ mm?) /mm3
(L(}/'r)“ph“ytes 32.57 + 6.47 27.47+8.68 010  29.99 + 6.09 33.12:4.83 010  20-35%
CTL 1738.45 + 744.08  1115.15+218.16 0.01 1454.32 + 381.47 1931.39 4 649.6 0.009 '200-2000
(/ mm?) /mm3
?;“troPh‘les 50.86 + 9.84 47.33+4.71 020  52.5+10.69 58.56 + 6.86  0.10  40-80%
'({;")”“ytes 5.59 £ 1.5 7.89+2.46  0.01 5.67 + 1.76 7.0+ 1.41 0.01 3-9%
0
(E;)Smph“es 2.46 + 0.87 2.69+0.85  0.38 2.69 + 0.85 2.84+0.98  0.60 1-5%
'(3;‘;°ph“es 0.69 £ 0.48 0.61£05 050  0.69+0.48 0.61£05 060  0-1%
Platelets 150-450
(105 /) 248 + 48.7 285+63.71  0.10 281+ 38.02 249£47.8  0.06 00

T-student tests applied. The values represent the sit mean + standard deviation

* Comparison between baseline and after three month
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* Comparison between baseline, after three and six months

corpuscular  hemoglobin (MCH), leukocytes, °
l hocytes, neutrophils and total lymphocytes 3 3 o —
ymphocytes, p ympnocy s » ., 82 o 3
(TLC) after six months of supplementation. The g ot 2 C2F o 3 o
c ~ - +— o g '
placebo group showed a significant decrease in serum g o - o o g 9 @
[a2]
levels of erythrocytes, leukocytes, basophiles and E i ”
CTL (Table 3).
soNeA | o o § N p o
When comparing the first and third month of -d s s 8 g g <2
chemotherapy, considering reference values from °
3.9 to 5.03 10° / mpL, to assess the number of red £ S 8 v T = =
c -~ (28] o [ag] ()] (o]
blood cells, the placebo group showed a significant 2 X s X X X H
decrease (from 4.21 = 0, 55 10¢/mpL to 3.94 + 0.66 | & R - e -
re) — A =) ~ 2]
10 ¢/mpL, p=0.02). As for values observed in the 5 -
sixth month of treatment, there was a decrease in gi«MEA 5 5 8 R & 2
© -d [} <} 2 oS oS o
the number of red blood cells (4.21 + 0.55 to 3.63 3 e
+ 0.33 10° /mpL, p=0.03). The group supplemented g § N ps < =) o N
with A. sylvaticus revealed a significant increase O @ $8 D S WS .
> < = H H
in the number of red blood cells for the thirdmonth 8| ~| F 8 | & & o T g &
of supplementation (from 1.18 + 4:23 10°® /mpL % = A N 2 & -
to 4.6 £ 0.9 10° /mpL, p=0.0007) and for the E px 8 © 3 S ]
sixth month of supplementation (from 1.18 + & E T o T
4:23 10° /mpL to 5.01 + 0.5 10° /mpL, p=0.0008) < £ S I 3 8 &8 =
when compared to the first month of treatment 2 =8 ¥ 8 8 &
Table 3 3
(Table 3). gl |8 8 8 % &8 R
In relation to hemoglobin level assessed in both < ° ° o ° ° °
%]
periods, the A. sylvaticus group presented significant < - 8§ R o2 I 8 X
results showing increase in hemoglobin parameters of & é TO% S W W
s =] o~ n [2e] mM
reference values from 12 to 15.5 g/dL (12.04 + 1.2 £ X i e 3 = o o
(9] ) A )
g/dL to 12.61 £ 1.27 g/dL, p=0.01- the third month, %| 5 ~ = o ”
Q -
12.4+£1.2g/dLto 13.17 £ 1.29 g/dL, p=0.01- thesixth g| |«9Mer | & <o o 2 g Q
month). The placebo group showed no significant Eg % d ¢ © © oS S o
result in hemoglobin parameters (from 12.22 + 1.32 g' @ @ 2 © © 2 n
n . 2 © : R -
g/dL to 11.52 + 1.98 g/dL, p=0.08 and 12.22 + 1.32 ¢ & §§ MR c+>I % < H
g/dL to 11.68 + 1.66 g/dL, p=0.02, respectively S Fe |8 & 3 § NS E
for three and six months of supplementation g - & ” ®© S ”
(Table 3). S 8 B 2 R 8 3
= = - ™ 5 <~ — o
Hematocrit analysis revealed a significant 3 E H H b + + +
. . . = £ N 8 o9 & & 8
increase in the percentage of the A. sylvaticus 5 ~ “ S “ ~ -
©n -~ [ag] [=e] o~ o
group in the third month of supplementation (from =
36.44 + 3.06% to 38.7 + 3.41%, p=0.02). There were ﬁ k] £ £ ~
C g : T ] 8 =1
no significant values for the placebo group E g én% aé E . - o -
(O = o
(fable 3) El & |f: 2282 2E2E%s

T-student tests applied. The values represent mean + standard deviation
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Analyzing the hematimetric rates of Mean
(MCV),
Hemoglobin (MCH) and Mean Corpuscular Hemoglobin
(MCHCQ),

significant decrease during the treatment period in

Corpuscular  Volume Mean Corpuscular

Concentration showed no statistically
the placebo group; MCH values (from 26.05 + 1.76 pg
t029.04 + 2.12 pg, p=0.01) found for the A. sylvaticus
group showed statistical significance in the last month
of supplementation; regarding MCV and MCHC values
a slight, yet irrelevant, increase was seen (Table 3).
With
the white blood cells count series was observed.

respect to immunological parameters,
Regarding leukocyte numbers, there was a significant
increase in the last month of supplementation for the
A. sylvaticus group (4.7 + 1.4 / mm? to 5.95 + 1.23
/mm?3; p=0.008). Compared to the placebo group,
there was a significant reduction in the number of
leukocytes in the third month of supplementation
(4.51 £ 1.05 /mm?3 to 3.14 = 055/mm3, p=0.004).
Observed reference values were 3.5 to 10.5 /mm?
(Table 4).

The percentage values of myeloid elements found
for the A. sylvaticus group revealed significant results
in the number of neutrophils (from 46.17 + 13.19% to
54.5 + 10.3%, p=0.01). For the placebo group, there
was but a significant decreases in the percentage of
basophiles (0.8 + 0.4% to 0.2 + 0.4%, p=0.005). As for
data on eosinophiles and monocytes, neither group
showed any difference (Table 4).

Regarding lymphocyte percentage, there was no
significant difference in both periods observed for the
placebo group. In relation to the A. sylvaticus group
there was significant increase in both periods (24.25
+ 2.34% to0 29.88 + 4.16%, p=0.01- third month, 24.25
+ 2.34% to 29.7 = 3.26%, p=0.0004- sixth month).
In relation to TLC the A. sylvaticus group showed
significant results only during the sixth months of
research, revealing values of 1152.5 + 431.5 /mm?
to 1761 + 376.8 /mm3, p=0.003. Compared to the
placebo group, results were significant only in the
third month of the survey which showed the following
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values: from 1384.6 + 405.88 /mm? to 896.98 + 185.4
/mm? p=0.01 (Table 4).

Platelets showed no significant values for the
placebo group or the A. sylvaticus group in relation
to the survey follow-up period (Table 4).

DISCUSSION

Patients with breast cancer often have
hematological and immunological alterations during
the disease process. Drugs used in chemotherapy
induce bone marrow depression impairing the body’s
defenses to fight the disease itself depriving patients
with malignant neoplasm of quality of life (8-9). Bone
marrow cells renew quickly and, therefore, are very
susceptible to the action of chemotherapeutic agents
and other factors related to tumor development,
which can lead to leucopenia, granulocytopenia,

thrombocytopenia, and anemia (6, 11-36).

The toxicity of chemotherapy in hematological
profile is expressed on three medullar lines: red cells,
platelets and leucocytes. Because of the erythrocytes
half-life, the development of anemia is belated. The
concentration of the hemoglobin is related to red
blood cells count and is used to monitor therapy
response (8-11).

In the current study, with respect to the blood
count of patients undergoing three chemotherapy
cycles, data analysis revealed a significant increase
in hematocrit serum levels (p=0.04), and hemoglobin
(p=0.03), MCHC (p=0.001) in the group treated with
A. sylvaticus after three months of supplementation.
These findings were not observed in patients included
in the placebo group which showed a significant
reduction (p=0.02) in the number of red blood cells
(Table 1 and 2).

Regarding CBC, the results observed for patients

undergoing six chemotherapy cycles in group
supplemented with A. sylvaticus showed relevant
levels of red blood cells (p=0.02), hemoglobin (p=0.02),
hematocrit (p=0.02), MCH (p=0.02), leukocytes

(p=0.02), lymphocytes (p=0.02), neutrophils (p=0.02)
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and TLC (p=0.02) after six months of supplementation.
The placebo group showed a significant reduction in
serum levels of red blood cells (p=0.02 and p=0.03),
leukocytes (p=0.004), basophiles (p=0.005) and TLC
(p=0.01) (Table 3 and 4).

Concerning CBC, patients undergoing three
chemotherapy cycles in the placebo group showed
decreased values in all analyzed patterns. However,
only the number of erythrocytes was significant (3™
month- p=0.02) upon completion of three month
supplementation. The same result was observed in
patients undergoing six chemotherapy cycles, which
showed a significant decrease for the two periods
observed (3" month- p=0.02 and 6th month- p=0.03).
In relation to hematimetric values, patients in both
groups (3/6 cycles-placebo) revealed no significant

decrease.

The red series of patients supplemented with
A. sylvaticus for three months, upon completion
of treatment showed an increase in blood cells
(p=0.03), in hematocrit percentage (p=0.03) and
MCHC (p=0.001). Similar results were observed in
the third month of treatment in patients undergoing
six chemotherapy cycles, besides an increase in
hemoglobin values (p=0.01). Upon conclusion of
treatment, supplement patients
therapy cycles, demonstrated significant increases in
blood cells (p=0.0008), hemoglobin (p=0.01) and MCH

(p=0.01). As for the hematocrits rate, there was no

undergoing  six

significant increase of values found after six months
of supplementation; some significance was seen only
in the third month of the research segment. Regarding
hematimetric values, although there was an increase
in observed values, these were not significant in both
groups.

Fortesetal (31) inrandomized placebo-controlled,
double-blind clinical trial evaluated the effects
of supplementation with A. sylvaticus extracts in
cancer patients undergoing chemotherapy, where the
supplemented group showed significant hematocrits
and red blood cell increase, and no significant
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increase in hemoglobin, MCH, MCV, revealing the
possible benefits on the hematological system.

Novaes et al. (17) in a prospective, randomized,
blind, placebo-controlled study evaluated the effects
of the administration of A. sylvaticus extracts in
rats with Walker 256 ascitic tumor and observed
significant improvement in hematologic and immune
functions, where the probable mechanism of action is
the inhibition of tumor growth and stimulation of the
hematological and immunological systems.

Dolby et al. (32) reported that the D-fraction of
the B-Glucan found in medicinal mushroom of the
Agaricaceae family such as A. sylvaticus, had a positive
effect on the health status of women diagnosed with
breast cancer. There was an improvement in clinical
parameters and laboratory tests showed improvement
in the hematological system, further to reducing
vomiting caused by chemotherapy, increasing
appetite of patients, reducing anorexia which can
also be a side effect of conventional treatments

(25).

See et al. (33) in a clinical study of various
types of cancers including breast cancer (stadium
IV), provided the patients with immunomodulatory
components complex, among them Agaricus blazei
tea (10mg/day). Six months after starting treatment,
some patients had increased NK cells activity (Natural
Killer), levels of TNF-a (tumor necrosis factor),
of erythrocytes, hemoglobin and glutathione. The
receptors for TNF-a had decreased. Diarrhea and
occasional nausea were reported, but quality of life
had improved. The combination of immune active
components was effective in increasing NK cells
function and other immunological parameters in
patients in advanced stages of cancer, thus enabling
the effectiveness of a nutritional combination in the
treatment of late stages of cancer (24).

The data from this study suggest that there is
evidence which indicates the presence of bioactive
compounds in A. sylvaticus fungi capable of acting
positively on the hematological system in patients
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with breast cancer. By observing the reported data,
it appears that there was improvement in clinical
parameters of red series in all periods of the study,
regardless the degree of significance.

The analysis of white blood cell count in patients
undergoing three chemotherapy cycles, who were
supplemented with A. sylvaticus showed a significant
increase in parameters for leukocytes (p=0.03),
monocytes (p=0.01) and TLC (p=0.009) after 3 months
of segment. Patients undergoing six chemotherapy
cycles revealed a significant increase in lymphocytes
parameters (p=0.01) in the first quarter of the
survey, other immunological parameters showed
increase, but with no statistical relevance. After
six months of supplementation the A. sylvaticus
group revealed significant values for leukocytes
(p=0.008), lymphocytes (p=0.0004), TLC (p=0.003)
and neutrophils (p=0.01), other parameters were not

significant during the research period.

Statistically significant findings in the placebo
group undergoing three cycles of treatment were
the decrease in numbers of monocytes (p=0.01)
and TLC (p=0.01). Other parameters did not show
statistical relevance despite being reduced. In
relation to patients of the placebo group with six
chemotherapy cycles, statistically relevant findings
for the first quarter of survey revealed a decrease in
leukocyte numbers (p=0.004) and TLC (p=0.01). Other
parameters showed no statistical relevance, despite
being slightly decreased. After six months of research
the placebo group also showed decreased values
in relation to the first month of supplementation,
however, only the percentage of basophils (p=0.005)

showed significant decrease.

that
fungi

Scientific evidence indicates dietary

supplementation with medicinal such as
A. sylvaticus is capable of significantly improving
the physiological condition and prognosis of cancer
patients (30-36).

Research with medicinal mushrooms indicate that
B-glucan polysaccharide acts in the body by increasing

Cilt 68 W Say12 m 2011

immune functions, stimulating and activating NK cells,
T lymphocytes, B lymphocytes and complementary
cells, with consequent increase in the number of
macrophages and monocytes, in addition to promoting
proliferation and/or production of antibodies and
various cytokines such as interleukins 2 and 6, INF-y
and TNF-a (12-17).

The B-glucan bind to receptors on macrophages
membranes, neutrophils, NK cells, T cells, dendritic
cells, fibroblasts and vascular endothelial cells. The
molecular structure of these substances influences
their affinity for the receptors. These receptors have
been described as phagocytic receptors for antigens.
Research carried out with B-glucan extracted from
fungi proved that these act by stimulating the action
of neutrophils, eosinophils, monocytes, macrophages
and NK cells via their specific receptors (17). However,
the exact active mechanism of this polysaccharide
is not yet fully elucidated. These components can
regulate various aspects of humoral and/or cellular
components of the immune system. Padilha et al
(37) observing the action of B-glucan from Agaricales
mushrooms extracts reported the possibility of this
substance to reduce the inflammatory process of
diseases by stimulating the immune system, increasing
the number of defense cells.

Clinical studies show that the combination of
reduced eosinophils and basophiles count in patients
with cancer is a common finding. These changes may
occur owing to direct action of tumor presence.
Moreover, the decrease in lymphocyte count is also
associated with more aggressive tumor behavior
(14).

Takimoto et al. (18) in a randomized clinical trial
orally administered Agaricus blazei extract in rats.
The control group was treated orally with water. The
study showed an increase in NK cells and increment
in cytotoxic T lymphocytes. The research indicates
that the mushroom extract potentializes innate
and adaptive
(10).

immunological cytotoxic activity

Turk Hij Den Biyol Derg

69



Cilt 68 W Say12 m 2011

Gennari et al (34,35) in two studies on women
diagnosed with breast cancer, noted that dietary
supplementation with A. sylvaticus, could stimulate
the immune system increasing the number of NK cells
and CD 56+.

Leucopenia, neutropenia and lymphocytopenia
are the main immunological changes seen in studies
on chemotherapy. Aguiar (36) in a study carried out
with women in stadiums Il and Ill of breast cancer
undergoing chemotherapy and supplementation with
arginine found an improvement in the numbers of
leukocytes, lymphocytes and neutrophils after three
months of supplementation and chemotherapy.

Fortes et al (17) evaluated the immune function
of cancer patients after supplementation with
A. sylvaticus during a period of three months and
observed a significant increase in leukocyte count,
lymphocytes, and basophiles TLC and non-significant
reduction of monocytes, eosinophils and neutrophils
in the supplemented group reaching reference values.
In the placebo group no alterations were observed.
The authors concluded that a dietary supplementation
with A,
increasing the immunity of cancer patients. Similar

sylvaticus is capable of significantly
results were observed in those groups reported in this
study.

Factors related to tumor development in patients
with cancer can be blamed on platelet increase. It
is believed that reactive thrombocytosis commonly
observed in patients with cancer can be justified by
this rise in platelet. However, the deleterious effects
caused by chemotherapy may emerge as a protective
factor against this excessive augment of platelets,
reducing their production. Aguiar (36) found that
patients with breast cancer maintained platelet
values preserved within the normal range after three
months of supplementation with arginine. Fortes et
al observed a significant reduction in platelet count
for the group supplemented with A. sylvaticus.
Yet,

both groups remained within the normal
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range, suggesting that A. sylvaticus is capable of
preventing thrombocytosis in patients with malignant
neoplasia.

In this study, as related in the literature, the
platelet count remained at normal levels in both
groups. A significant increase in platelet count was
observed in the placebo group patients with three
chemotherapy cycles (p=0.01) after three months
of treatment. However, in other groups the increase
was not significant. In the group supplemented with
A. sylvaticus, a reduction of platelets was observed
when compared to the group that received placebo,
however, these values were not significant. The data
found in the research show the possible action of the
A. sylvaticus fungus in controlling platelet production,
suggesting the prevention of thrombocytosis in
patients with malignant neoplasia.

Factors such as dose, rate, duration and
frequency of supplementation, further to the
active mechanism, interfere with the ability of
the bioactive compounds present in medicinal
fungi to improve or suppress the immune response
of patients. Few studies have been conducted in
relation to the pharmacological effects of these
substances. In vivo studies have revealed that
extracts of certain fungi do not have significant
effects on patients with normal hematologic and
immunologic profile, although they have the
ability to restore the impaired immune response
due to tumors, reaching normal levels (19). All
these factors may explain, though in part, results
found in red and white cells count of patients

supplemented with A. sylvaticus in this study.

The mechanism of action of these fungi and their
bioactive molecules in cancer therapy need to be
better clarified; nevertheless, research has shown that
many of these substances exert an anticarcinogenic,
antiviral, antithrombotic, antibiotic and anti-
inflammatory further to many more functions that

provide health benefits (12-17).
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CONCLUSION

The hematological and immunological effects of
medicinal mushrooms reported in several clinical and

experimental published studies, have shown promising
results when used as an adjuvant element in breast
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