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Abstract

Introduction: Metabolic, biochemical and enzymatic
alterations are common in patients with cancer. Medici-
nal fungi has been used as adjuvants in cancer therapy
due to its immunomodulatory and nutritional effects.

Objective: The objective of this study was to evaluate
the metabolic and blood pressure effects on patients with
colorectal cancer after dietary supplementation with
Agaricus sylvaticus.

Methods: The methodology used was a randomized,
double-blind, placebo-controlled clinical trial conducted
at the Base Hospital of the Federal District-Brazil. Sam-
ples of 56 patients with colorectal cancer, divided into two
groups: Agaricus sylvaticus (30 mg/kg/day) and placebo.
Three serum evaluations were conducted throughout the
treatment: glucose, total cholesterol, triglycerides, uric
acid, urea, creatinine, alkaline phosphatase; total, direct
and indirect bilirubin; aspartate aminotransferase and
alanine aminotransferase; immunoglobulins A (IgA), G
(IgG) and M (IgM); total proteins and protein fractions;
blood pressure levels were measured as well. The results
were analyzed by Microsoft Excel 2003 and SPSS 14.0
programs, Student’s t test, F statistical test, with p < 0.05.

Results: The Agaricus sylvaticus group presented a sig-
nificant reduction of fasting plasma glucose (p = 0.02), total
cholesterol (p = 0.01), creatinine (p = 0.05), aspartate amino-
transferase (p = 0.05), alanine aminotransferase (p = 0.04),
IgA (p=10.0001), IgM (p = 0.02), systolic blood pressure (p =
0.0001)and diastolic blood pressure (p = 0.0001). These
alterations were not observed in the placebo group.

Conclusions: Results suggest that dietary supplemen-
tation with Agaricus sylvaticus is capable of providing
metabolic benefits to the biochemical, enzymatic and
blood pressure parameters of patients with colorectal
cancer in the postsurgical phase.
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EFECTOS DE LA SUPLEMENTACION DIETETICA
CONHONGOS AGARICUS SYLVATICUSEN EL
METABOLISMO Y LA PRESION ARTERIAL
EN PACIENTES CON CANCER COLORRECTAL
EN LA FASE POSTOPERATORIA

Resumen

Introduccion: Las alteraciones en los parametros bio-
quimicos enzimaticos son comunes en pacientes con can-
cer. El hongo medicinales se ha utilizado como coadyu-
vante para el tratamiento contra el cancer debido a sus
sustancias imunomoduladoras.

Objetivos: El objetivo de este estudio fue evaluar el
metabolismo y la presion arterial de los pacientes con
cancer colorrectal después suplementacion dietética con
hongo Agaricus sylvaticus.

Meétodos: L.a metodologia utilizada fue un ensayo cli-
nico clinico, aleatorizado, ciego, placebo-controlado desa-
rrollado en el Hospital de Base del Distrito Federal-Bra-
sil. Una muestra de 56 pacientes con cancer colorrectal
separados en dos grupos: Agaricus sylvaticus (30 mg/kg/
dia) y placebo. Tres evaluaciones de glucosa sérica, coles-
terol total, triglicéridos, acido urico, urea, creatinina, fos-
fatasa alcalica, bilirrubina total, directa e indirecta,
aspartato aminotransferasa y alanina aminotransferasa,
inmunoglobulina A (IgA), G (IgG) y M (IgM); proteinas
totales y fracciones se realizaron, y midieron los niveles de
presion arterial durante el tratamiento. Los resultados
fueron analizados con Microsoft Excel 2003 y SPSS 14.0
con una significacion de p < 0,05.

Resultados: Observado en Agaricus sylvaticus, reduc-
cion significativa de la glucosa (p = 0,02), colesterol total
(p = 0,01), creatinina (p = 0,05), aspartato aminotransfe-
rasa (p = 0,05), alanina aminotransferasa (p = 0,04 ), IgA
(p =0,0001), IgM (p = 0,02), presion arterial sistolica (p =
0,0001) y la presion arterial diastélica (p = 0,0001); resul-
tados no observados en el grupo placebo.

Conclusiones: Los resultados sugieren que la suple-
mentacion dietética con hongos Agaricus sylvaticus es
capaz de ejercer beneficios metabélicos y los parametros
bioquimicos, enzimaticos y la presion arterial de los
pacientes con cancer colorrectal en la fase postoperatoria.

(Nutr Hosp. 2011;26:176-186)
DOI:10.3305/nh.2011.26.1.4129
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Introduction

Colorectal cancer is one of the most common types
of malignancies'? with around 600,000 cases diag-
nosed annually worldwide.?

The factors that contribute to the development of
colorectal cancer have yet to be entirely clarified.'
Alterations in the natural history of the disease,
changes in eating habits and advances in diagnosis and
treatment have been proposed.?

Metabolic abnormalities are common in patients
with cancer, which culminates in alterations of the bio-
chemical and enzymatic parameters with consequent
increase in mortality.**

The main goals for colorectal cancer patients with no
chance of cure include: local control of disease, sphinc-
ter preservation; improved quality of life and pro-
longed survival.

With the purpose of improving the quality of life of
cancer patients, adjuvant therapeutic strategies along with
traditional treatments, have been tested in recent years
with the use of edible fungi, particularly Agaricaceae "

Scientific evidence have attested the presence of bioac-
tive substances in Agaricaceae fungi with essential nutri-
tional and metabolic properties including: glucans, pro-
teoglucans, ergosterol, lectins and arginine.’*!2!3

Agaricus sylvaticus fungi, belonging to the family
Agaricaceae, are part of a Brazilian species used in
clinical trials conducted in immunosuppressed patients
and has attracted considerable attention due to the pres-
ence of pharmacologically active substances capable
of acting as adjuvants in cancer therapy.>*

The purpose of this study is to assess metabolic and
blood pressure effects of a dietary supplementation
with Agaricus sylvaticus in postsurgical patients with
colorectal cancer, treated at a public hospital in the
Federal District, Brazil.

Methods
Study design

The study consists of a randomized, double-blind
placebo-controlled clinical trial, which was approved
by the Ministry of Health Research Ethics Committee -
Federal District-Brazil, under protocol 051/2004.
Terms of free consent were obtained from patients,
who voluntarily participated after acknowledging
study procedures. Work was developed at the Ambula-
tory Care of Proctology in a Tertiary-Level Base Hos-
pital of the Federal District in Brazil. The study was
carried out from November 2004 to July 2006.

The sample

The sample consisted of patients with cancer of the
large intestine, divided in two groups: placebo and sup-

plemented with Agaricus sylvaticus fungi, having com-
plied with the following criteria for inclusion: patients
aged twenty or older, with colorectal cancer in post-
surgery phase, from three months to two years of surgi-
cal intervention. Were excluded: pregnant women,
breast feeding infants, physically disabled patients,
patients submitted to alternative therapy, patients with
any other non transmissible chronic disease or under-
going metastasis processes.

Agaricus sylvaticus extract

The Agaricus sylvaticus was first described in
Switzerland and has wide geographical distribution,
occurring naturally in Brazil. Its identification was
confirmed by fungus expert Dr. David N. Pegler of the
Royal Botanic Gardens of London whose paper was
provided by the Botany Institute of the State Environ-
ment Secretariat, Sdo Paulo on 10/11/1995.

The Agaricus sylvaticus fungus, family Agaricaceae,
popularly known as the “Sun Mushroom” or “Cogumelo
do Sol”, was acquired from a producer from the Tapirai
region in the countryside of Sdo Paulo State. The fungus
extract was obtained by soaking dehydrated material in
hot water for 30 minutes, liquefied, bolted and dried in a
drying box. The chemical composition of the final solu-
tion was analyzed by the Japan Food Research Laborato-
ries Center by HPLC method and results attested the
presence of carbohydrates (18.51 g/100 g), lipids (0.04
2/100 g), ergosterol (624 mg/100 g), proteins (4.99 g/100
g), amino-acids (arginine-1.14%; lysine-1.23%; histi-
dine-0.51%, phenylalanine-0.92%, tyrosine-0.67%,
leucine-1.43%, methionine-0.32%, valine-1.03%, ala-
nine-1,28%, glicine-0.94%, proline-0.95%, glutamic
acid-3.93%, serine-0.96%, threonine-0.96%, aspartic
acid-1.81%, tryphtophan-0.32%, cysteine-0.25%) and
micronutrients in trace quantities.

The dried extract was compressed into tablets, fol-
lowing pharmacotechnical procedures and the dosage
supplemented to the control group was the equivalent
of 30 mg/kg/day, divided into two daily intakes (six
tablets daily, three in the morning three in the after-
noon, between meals), taking into consideration the
average weight of the studied population during a six-
month period. The placebo group received the same
number of tablets with resembling ingredients and the
same amount of calories (starch), but without Agaricus
sylvaticus extract.

Clinical evolution

Patients were monitored for six months. During the
first three months, consultations were scheduled every
15 days for clinical evaluation, and towards the final
months, every 30 days.

At first, all patients remained on their usual diet but,
throughout treatment, received general orientation on
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how to maintain a healthy diet. After six months of
monitoring, all patients were prescribed a personal diet
and were sent to other health professionals when neces-
sary.

Three laboratory tests were performed for analysis
of metabolic, biochemical and enzymatic profile of
patients: one before the beginning of the supplementa-
tion, one after three months of treatment and one at the
end of the treatment (after six months).

The tests performed were glucose, total cholesterol
(TC), triglycerides (TG), uric acid, urea, creatinine,
alkaline phosphatase, total (TB), direct (DB) and indi-
rect (IB) bilirubin, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), immunoglobu-
lins A (IgA), G (IgG) and M (IgM), total proteins and
protein fractions.

In addition to these tests, blood pressure levels
were assessed at every consultation. However, for
statistical purposes, the average of confronted results
was weighed at three distinct stages: before begin-
ning supplementation, after three and six months
subsequently.

All patients were contacted by researchers weekly
by telephone to clarify doubts, check adequate use of
the mushroom and confirm appointments in view of
guaranteeing major adhesion to treatment and continu-
ity of the study.

Dropouts were deemed as: patients who only
showed up for the first appointment; those who did not
come to consultations during the six-month period;
those who had less than three examinations. Patients
who died before the end of the treatment were not
included in the sample.

Laboratorial evaluation

The collection of blood was realized upon the crite-
rion of 12h fasting patients. Collected material was
placed in vacuum tubes for serum obtention, having
followed protocols recommended by the Brazilian
Society of Pathology for Collection of Venus Blood."

Examinations were carried out at the Base Hospital
Laboratory of Clinical Pathology of the Health Min-
istry-Federal District. Collected samples were cen-
trifuged and analyzed in a 3000 TARGA device-Ran-
dom Access Chemistry Analyzer, using Wiener kits
while following laboratorial procedures.

Analyses of glucose, total cholesterol, triglycerides
and uric acid were determined by the enzymatic colori-
metric method. Urea, creatinine and alkaline phos-
phatase were analyzed by enzyme kinetic method
together with total bilirubin and bilirubin fractions by
DPD method. AST and ALT were analyzed by opti-
mized UV method (IFCC). IgA, IgG and IgM were
measured by immunoturbidimetry. Total protein and
protein fractions by colorimetric biuret method and
after determination of these fractions, the albumin/
globulin ratio (A/G) were calculated.

Test results were analyzed according to standardized
reference values of the State Health Secretariat Labora-
tory-Federal District.

Blood pressure assessment

To measure blood pressure, we used an aneroid
sphygmomanometer and Tycos® stethoscope previ-
ously calibrated for adults. Measurements were con-
stantly taken in the right arm with the patient seated.
The systolic blood pressure (SBP) was recorded in the
first Korotkoff phase (appearance of the noise), and
diastolic blood pressure (DBP) was recorded in the
fifth Korotkoff phase (disappearance of the noise). All
patients were submitted to two or three measurements
of blood pressure during consultations, whereby values
obtained in the second blood pressure measurement
were considered as the final analysis. The VI Joint
National Committee-JNC' criterion was used for
defining arterial hypertension (mmHg). Thus, the indi-
viduals with SBP = 140 mmHg and/or DBP = 90
mmHg were considered hypertensive, and those with
SBP < 140 mmHg and/or DBP < 90 mmHg normoten-
sive.

Statistical analysis

Values presented were compared and analyzed
using the 7-student and F statistical test, realized by the
Microsoft, Excel version 2003 and SPSS (Statistical
Package of the Social Sciences, SPSS Inc., Chicago,
USA) for Windows version 14.0 programs with value
of significance for p <0.05.

Results
Characteristics of study population

A total of 92 patients with colorectal cancer who met
the criteria for inclusion and exclusion agreed to partic-
ipate in the study. Of these, 22 who were part of the
pilot study were dismissed before the end of the study,
and consequently, excluded from the final sample.
Seventy patients started the study, and of these, four
died and ten withdrew for various reasons. The final
sample consisted of 56 patients (24 men and 32
women), stages [ (n =12), Il (n = 16) and III (n = 28),
separated into two groups: placebo (n =28) and supple-
mented with Agaricus sylvaticus fungi (n = 28) (fig. 1).

In the placebo group (n = 28), the average age was
59.14 + 12.95 years. In relation to gender, 57.1% (n =
16) were female and 42.9% (n = 12) male. Patients sup-
plemented with Agaricus sylvaticus (n = 28) were
between 56.34 + 15.53 years of age. In relation to gen-
der, female represented 57.1% (n = 16) and male
42.9% (n=12).
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Colorectal cancer patients who agreed
to participate in the study and who
met the selection criteria (n = 92)

Inclusion criteria
* Confirmed diagnosis of colorectal cancer
¢ Post-surgery phase
* 3 months to 2 years of surgical intervention
* Aged twenty or older

* Pregnant women, breast feeding infants
¢ Physically disabled

¢ Use of alternative therapy

* Other non transmissible chronic disease
* Metastasis

Exclusion criteria

Pilot study (n = 22)

Initial sample (n = 70)

¢ Deaths (n=04)

\
Final sample (n = 56)

* Abandonment (n = 10)

Female sex (n = 32)

Male sex (n = 24)

‘ Stadium (n = 12), I (n = 16) e IIT (n = 28)

‘ Placebo group (n = 28) ‘

Agaricus sylvaticus group (n = 28)

Fig. 1.—Diagram of the ran-

domized clinical trial.

In the placebo group, observations concluded that,
46.43% (n = 13) of patients were between the age of 45
and 60; 42.86% (n = 12) were between the age of 60
and 80 and only 10.71% (n = 3) were between 30 and
45 years old. There were no individuals under the age
of 30 (table I). In the supplemented group, 46.43% (n =
13) of patients were between the age of 60 and 80;
35.71% (n = 10) were between 45 and 60 years old;
10.71% (n = 03) were under the age of 30 and only
7.14% (n =2) were aged between 30 and 45 (table I).

As for the stadium, 50.00% (n = 14) of patients in
both groups belonged to stadium III. In stadium II,
35.71% (n = 10) of patients belonged to the placebo
group and 21.43% (n = 6) belonged to the group sup-
plemented with Agaricus sylvaticus. In stadium I,
14.29% (n = 4) of patients belonged to the placebo
group and 28.57% (n = 8) to the supplemented group
(table I).

It was observed that 7.14% (n = 02) of patients were
smokers. In the placebo group, 17.86% (n =15) were ex-
smokers and 75.00% (n =21) non-smokers. In the sup-
plemented group, 28.57% (n = 8) were ex-smokers and
64.29% (n = 18) had never smoked (table I).

Regarding alcoholism, 17.86% (n = 5) of patients
supplemented with Agaricus sylvaticus related alco-

holic beverage consumption, while in the placebo
group this number reached 10.71% (n = 3) (table I).

In both groups 7.14% (n = 2) of patients practiced
some physical activity (table I). After six months of
treatment, an increased number of patients were
observed to have adhered to physical activity, 21.43%
(n=06) and 35.71% (n = 10) in the placebo and Agari-
cus sylvaticus groups, respectively.

Effects of Agaricus sylvaticus in glucose
and lipid metabolism

Initially, the placebo group had an average of fasting
glucose concentration of 94.36 + 15.34 mg/dL, and
after three months a significant increase to 98.12 +
15.54 mg/dL (p = 0.03) occurred, remaining at normal
levels (70-110 mg/dL); during the sixth months of sup-
plementation a significant increase was observed once
again in plasma glucose concentration of 98.52 + 9.03
mg/dL (p =0.01), remaining within normal levels (fig. 2).
Similarly, the group supplemented with Agaricus syl-
vaticus had an average glucose concentration of 95.92
+ 11.64 mg/dL in the beginning, which after three
months was reduced to 94.88 + 12.24 mg/dL, though
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Table I
Characteristics of the studied population, n = 56

Characteristics Groups
Placebo (n=28) Agaricus sylvaticus (n =28)

Sex n Fp* n Fp*
Female 16 57,10% 16 57,10%
Male 12 42,90% 12 42,90%

Age
<30 years 00 0,00% 03 10,71%
=30 and < 45 years 03 10,71% 02 7,14%
=45 and < 60 years 13 46,43 % 10 35,71%
=60 and < 80 years 12 42,86% 13 46,43%

Stadium
Stadium I 04 14,29% 08 28,57%
Stadium II 10 35,71% 06 21,43%
Stadium IIT 14 50,00% 14 50,00%

Tobaccoism
Non-smoker 21 75,00% 18 64,29%
Ex-smoker 05 17,86% 08 28,57%
Smoker 02 7,14% 02 7,14%

Alcoholic beverage
Non-alcoholic 25 89,29% 23 82,14%
Alcoholic 03 10,71% 05 17,86%

Physical activity
Non-sedentary 02 7,14% 02 7,14%
Sedentary 26 92,86% 26 92,86%

*Fp = percentage frequency.

Placebo group Agaricus sylvaticus group
250 250

3 200 3 200 —

= =

? 150 E’ 150

£ 100 2 100

< <

0 T 0]

Glucose Cholesterol Triglycerides Glucose Cholesterol Triglycerides
‘ O Initial [ 3 months B 6 months ‘ [ Initial @& 3 months B 6 months

Fig. 2.—Evolution of fasting plasma glucose, total cholesterol
and triglycerides in the placebo group during the entire monito-
ring period (n = 56).

statistically non-significant (p = 0.65). During sixth
months of supplementation, a more significant reduc-
tion of fasting plasma glucose levels occurred; from
94.88 + 12.24 mg/dL to 92.86 + 6.82 mg/dL (p = 0.01)
(fig. 3).

As for the analysis of total cholesterol (reference
value = 140-200 mg/dL) the following results were

Fig. 3.—Evolution of fasting plasma glucose, total cholesterol
and triglycerides in the Agaricus sylvaticus group during the
entire monitoring period (n = 56).

observed: the placebo group had an initial total choles-
terol of 192.71 + 35.70 mg/dL, after three months it
was observed an increase (from 192.71 + 35.70 mg/dL
to 204.68 + 56.09 mg/dL, p = 0.08) and in the sixth
months, there was again an increase (from 192.71 +
35.70 mg/dL to 203.32 + 48.78 mg/dL, p = 0.08), but
these alterations were non-relevant statistically (figure
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2). The Agaricus sylvaticus group had initially a total
cholesterol of 207.36 = 52.67 mg/dL, within three
months 194.68 + 44.66 mg/dL, and after six months
191.11 = 39.72 mg/dL, with significant reduction of
total cholesterol, with p = 0.05 and p = 0.01, respec-
tively (fig. 3).

In the placebo group, it was observed a significant
increase of serum TG (reference value = 65-150
mg/dL) within three months (from 137.93 + 59.19
mg/dL to 157.54 £ 68.45 mg/dL, p = 0.01) and after six
months (from 137.93 +59.19 mg/dL to 169.65 + 89.13
mg/dL, p = 0.0001) (fig. 2). These alterations were not
observed in the supplemented group that presented
decreased TG within three months (from 181.64 +
187.62 mg/dL to 174.79 + 168.17 mg/dL, p =0.33) and
after six months (from 181.64 + 187.62 mg/dL to
168.04 = 146.91 mg/dL, p = 0.18) of treatment (fig. 3).

Effects of Agaricus sylvaticus on biochemical
and enzymatic parameters

In the placebo group, a significant increase was
observed in serum urea levels within three months (p =
0.0001), and a non-significant increase (p = 0.30)
within six months of monitoring. Opposite results were
found in the Agaricus sylvaticus group throughout
treatment. However, these changes are not statistically
relevant (table II).

In relation to serum creatinine, a non-significant
increase was observed in the placebo group after three
and six months of monitoring, with p = 0.38 and p =
0.37, respectively. These results were not found in the
group supplemented with Agaricus sylvaticus, which
presented a significant reduction of serum creatinine
levels within six months of supplementation, p = 0.05
(table IT).

Upon analyzing serum uric acid, alkaline phos-
phatase and total direct and indirect bilirubin levels,
neither group showed statistically relevant alterations
during the whole monitoring period (table II).

In the Agaricus sylvaticus group, there was a signifi-
cant reduction of AST and ALT after six months of
treatment, with p = 0.05 and p = 0.04, respectively.
These results were not found in the placebo group
(table IT).

A significant reduction was detected in IgA (p =
0.0001) and IgM (p = 0.02) and non-significant reduc-
tion in IgG (p = 0.20) in the Agaricus sylvaticus group
after six months of treatment, facts not observed in the
placebo group (table II).

In relation to total proteins and protein fractions, a
significant reduction of total protein was observed in
the placebo group within six months (p = 0.01) while
there was non-significant reduction (p > 0.05) of albu-
min and globulin within three and six months of moni-
toring. In the group supplemented with Agaricus syl-
vaticus, a significant increase of total protein was
observed after three and six months (p = 0.0001), of

globulin (p = 0.02) within three months, and an
insignificant increase of other parameters during the
treatment. Analyzing the A/G ratio in both groups, no
statistically relevant alteration was observed (table II).

Effects of Agaricus sylvaticus on blood pressure

Initially the placebo group had an average SBP of
127.31 + 18.01 mm/Hg, after three months an in signif-
icant increase to 128.65 + 17.86 mm/Hg, (p = 0.33)
occurred, and in six months a significant increase to
134.23 + 20.82 mm/Hg (p = 0.01) was observed. The
supplemented group initially had an average SBP of
127.88 + 15.37 mm/Hg, after three and six months a
significant reduction to 119.23 + 13.83 mm/Hg (p =
0.0001) and 120.42 + 12.77 mm/Hg (p = 0.0001),
respectively was observed.

The average DBP in the placebo group before start-
ing treatment was 77.12 + 10.41 mm/Hg with a signifi-
cant increase to 88.08 £ 11.23 mm/Hg (p = 0.0001)
after three months and 80.38 + 10.38 mm/Hg (p = 0.02)
after six months of monitoring. The Agaricus sylvati-
cus group initially had an average DBP of 82.50 + 8.63
mm/Hg with significant reduction within three (75.38
+9.89 mm/Hg, p = 0.0001) and six months (76.35 +
8.19 mm/Hg, p =0.0001) of supplementation.

Discussion

The highest prevalence of patients in the present
study belongs to the female gender, which corroborates
with the estimates of the National Cancer Institute that
there is a predominance of colorectal cancer among
women when compared to men."”

The average age was 56 and 59 years old in the Agar-
icus sylvaticus and placebo groups respectively. Such
results are confirmed by literature, which indicates the
highest incidence of colorectal cancer among patients
over 50 years of age.!

Fifty percent of patients in the placebo and Agaricus
sylvaticus groups belonged to stadium III, by TNM (pri-
mary tumor, regional lymph nodes and metastasis at a
distance) and Duke’s classification systems of malignant
tumors of the International Union Against Cancer
(UICC).'™® Similar results were found in other studies,
showing a delay in diagnosing the majority of patients,
thus significantly jeopardizing the prognostic.*

Information on both groups verified the presence of
smokers and consumers of alcoholic beverage even in
the presence of the disease. Scientific evidences have
shown that exposure to smoking may increase the risk
of colorectal cancer development as well as high mor-
tality from this disease. Similarly, studies indicate that
excessive consumption of alcoholic beverages is a risk
factor for adenomas and colorectal cancer.!

In this study, only a small percentage of patients
belonging to the placebo and Agaricus sylvaticus
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groups stated to have practiced some physical activity
before starting treatment. After six months, observa-
tion showed a growing interest in physical activity by
both groups; however, the supplemented group showed
a higher number of patients. Studies have demonstrated
that physical activity reduces the risk of colorectal can-
cer whose main mechanism seems to be the improve-
ment of insulin resistance'. Other probable mechanism
related to this effect includes: reduction of intestinal
transit time, reduction of contact of carcinogens with
intestinal cells, improvement on prostaglandin levels,
modification of the biliary acid metabolism and a
boosted immune system.?!

Alterations in carbohydrate, protein, and lipid
metabolism have been reported in patients with can-
cer>? such as: glucose intolerance, decreased insulin
secretion, insulin resistance, increase in synthesis and
turnover of glucose, elevated Cori cycle activity,
increased protein turnover, increase in hepatic protein
synthesis, elevated muscle catabolism, depletion of
lipid deposits, increased lipolysis, increase of glycerol
and fatty acids turnover, reduced lipogenesis and
hyperlipidemia.'? Nevertheless, it has been hypothe-
sized that the tumor itself is responsible for these meta-
bolic abnormalities and for alterations in nutrient
intake with significant repercussion on the nutritional
status of oncological patients.®

Mechanisms related to the process of oncogenesis
involve the secretion of cytokines, regulatory and
counterregulatory hormones, such as tumor necrosis
factor-alpha (TNF-av), interleukin 1 (IL-1), interleukin
2 (IL-2), interleukin 6 (IL-6), interferon-gamma (ITF-y),
glucagon, cortisol, catecholamines, growth hormone,
serotonin, leptin, lipid-mobilizing factor (LMF), and
proteolysis-inducing factor (PIF)."2

Scientific evidence have demonstrated that bioactive
compounds present in Agaricaceae fungi exert antitu-
mor, anticarcinogenic, antimutagenic, immunomodula-
tory,”? hypolipidemic, hypocholesterolemic,™ hypo-
glycemic,’ hypotensive? activities, and others that act in
bioregulation and preservation of body homeostasis.’

Glucans, proteoglucans, lectins, ergosterol, triter-
penes, arginine, among other active substances, are
commonly present in medicinal fungi.>!*** The mecha-
nisms of action of these substances are not entirely elu-
cidated in the literature, but evidences suggest that
these bioactive compounds may modulate the process
of carcinogenesis as it initiates, modulate promotion
and progression stages thus bringing additional bene-
fits to patients with various types of cancer.!!

In the present study, a significant reduction of fast-
ing glycemia was observed in the Agaricus sylvaticus
group after six months of supplementation. Opposite
results were found in the placebo group, where a signif-
icant increase in glycemic levels was attested. A study
to determine whether Agaricus blazei Murrill improves
insulin resistance in type 2 diabetic patients treated
with metformin and glicazide showed significant
reduction of insulin resistance index and elevated

adiponectin concentrations in the supplemented group
compared to the placebo group®. Experimental studies
carried out with rats with type 1 diabetes have demon-
strated that the administration of medicinal fungi has
important hypoglycemic action through secretion
and/or action of insulin.?

The main substance responsible for the metabolic
attributes of Agaricaceae fungi is the $-glucan,’ a solu-
ble alimentary fibers capable of bringing down peaks
of insulin and postprandial glucose and its respective
curves, promoting beneficial effects towards glucose
tolerance.”

Hypotheses suggest that the intrinsic mechanisms of
these fibers retards gastric emptying, reduces absorp-
tion of carbohydrates, and stimulates the secretion of
gastrointestinal inhibiting peptide, cholecystokinin and
enteric glucagon hormones which together with
parassympatic stimulation promote retardation of gas-
tric emptying, increasing intestinal motility and the
release of insulin by the pancreas.*

The supplemented group with Agaricus sylvaticus
showed significant reduction of TC levels and non-sig-
nificant reduction of TG levels throughout the treat-
ment period, facts not observed in the placebo group.
Research has shown that several medicinal fungi con-
stitute a natural diet essential for the control of dyslipi-
demia. The potential lipid-lowering effect of polysac-
charides extracted from Pholiota nameko fungi,
including the ability to reduce the serum concentration
of TC, TG, low-density lipoprotein (LDL) and phos-
pholipids levels, as well as capacity to increase high-
density lipoprotein (HDL), was established in hyper-
lipidemic experimental models.” Other studies
conducted with laboratory animals have also shown
that certain species of fungi are capable of significantly
reducing the very low-density lipoprotein (VLDL),
atherogenic index and activity of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase enzyme.***' An
experimental study has found abnormal levels of
triglycerides in animals with solid Walker 256 tumor,
whereas the group treated with Agaricus sylvaticus
showed significant reduction when compared to the
animals treated with placebo, indicating beneficial
effects of a therapy with this mushroom®. Percario et
al* verified the preventive effects of atherosclerosis in
rabbits after supplementation with Agaricus sylvaticus
and demonstrated potent antioxidant action of this fun-
gus as it prevented the development of atheromatous
plaques in the supplemented group.

B-glucans are capable of lowering serum cholesterol
and other seric lipids,* although the active mechanisms
of these substances have not been totally detailed in lit-
erature.” It has been widely recognized that this prop-
erty is multifactorial, involving biliary acids and cho-
lesterol increase in fecal excretion,* alterations in
intestinal absorption and secretion of pancreatic and/or
intestinal hormones, alterations in lipoprotein and bile
acids metabolism, increase in viscosity of small intes-
tine with reduced absorption and/or re-absorption of
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biliary acids and cholesterol and/or triglyceride, and
production of short-chain fatty acids, particularly pro-
pionate, a fermentable metabolite of soluble fibers.*
Triterpenes also contribute to explain the hypolipi-
demic effects, since it acts as inhibitor of enzymes such
as cholesterol synthase and angiotensin-converting
enzyme.*

Abnormal levels of urea and creatinine have been
widely studied in oncological patients.® These patients
often display skeletal muscle catabolism, in conse-
quence do not preserve the skeletal muscle protein and
do not release large amounts of nitrogen in the form of
urea. The gluconeogenesis, which converts amino
acids into glucose, is linked to the rate at which ammo-
nium ions in the liver are converted into either urea or
glutamine.* The catabolism of body proteins and oxi-
dation of released amino acids in this process generate
ammonia, which in turn, is predominantly incorporated
into urea by the liver. This catabolism increases with
tumor progression, which culminates in increased pro-
duction of urea. During periods of severe metabolic
stress, protein catabolism and urea production may
increase significantly.>* Therefore, daily intake of pro-
tein is essential for the preservation of muscle mass and
body nitrogen reserves, and the measurement of creati-
nine levels has been shown to be a useful marker of
protein to evaluate nutritional status.’

In the present study, a significant increase was
observed in urea levels in the placebo group and a sig-
nificant reduction of creatinine in the supplemented
group, implying that the nutrients present in Agaricus
sylvaticus, particularly proteins and amino acids may
reduce the catabolic state common in oncological
patients. In an experimental study, rats inoculated with
Walker 256 tumor presented higher levels of urea com-
pared to the control animals, but the animals that
received Agaricus sylvaticus solution presented a sig-
nificant reduction in blood urea levels compared to
those treated with placebo. Similarly, alterations were
observed in creatinine levels in animals with Walker
256 tumor compared to control animals.’ Fungi from
the Agaricaceae family are rich in arginine, a nutrient
with important immunomodulatory property and
essential to the preservation of muscle mass and nitro-
gen reserves?, since it is able to enhance the immune
system through growth hormone release.*

Significant alterations in serum uric acid, alkaline
phosphatase, total and fraction bilirubin levels, have
not been found in either group during the entire moni-
toring period. However, studies show that certain med-
icinal fungi are capable of significantly reducing alka-
line phosphatase, total bilirubin and hepatic collagen
content, consisting of a promising antifibrotic agent.”

The activity of AST and ALT in the liver, decreases
in cachexic cancer patients, indicating a reduction in
alanine and aspartic acid through degrading processes.
In repletion, with a normal protein diet, the hepatic lev-
els of such enzymes are restored to normal. Therefore,
in cancer patients these hepatic enzymes increase dur-

ing protein depletion and decrease on repletion, indi-
cating that cancer is more efficient in competing with
the liver by intake of amino acids as an energetic source
and nitrogenated.”

In the present study it was observed a significant
reduction of AST and ALT, in the supplemented group
with Agaricus sylvaticus, whereas in the placebo group
these alterations were not found. Wang et al.* demon-
strated that Ganoderma lucidum polysaccharides may
significantly improve the serum hepatic enzyme levels
of ALT and AST in rats with immune hepatic injury
induced by bacillus Calmette-Guerin (BCG). Hi et al.,*
in order to assess the effect of concentrated extract of
Agaricus sylvaticus in rats inoculated with Pristane,
showed that the group of animals inoculated with this
drug and supplemented with the fungus, presented little
neoplastic alterations compared to the control group.
Albumin, ALT and AST levels were within reference
values, suggesting a protective effect of Agaricus syl-
vaticus, without producing toxic effect in studies with
animals. Gonzaga et al.” in an experiment with rats
transplanted with sarcoma 180, did not observe renal
(urea) nor hepatic (ALT and AST) alterations in rats
treated with Agaricus blazei Murrill only or in combi-
nation with 5-FU (fluorouracil). The authors, however,
observed significant antitumoral effect by inhibition of
tumor growth promoted by the Agaricus blazei Murrill,
reinforcing the potential anticarcinogenic effect of
these medicinal fungi. Hsu et al.* observed a signifi-
cant reduction in hepatic enzyme levels, with conse-
quent normalization in patients with chronic hepatitis
B and with abnormal liver function after receiving
Agaricus blazei Murrill extracts. These studies have
proved the hepatoprotective effects attributed to medi-
cinal fungi whose probable mechanism of action may
be the inhibition of hepatic oxidative stress due to its
antioxidant action and ability to fight against free radi-
cals.*

In the present study the supplemented group with
Agaricus sylvaticus showed a significant reduction of
IgA and IgM and, in the placebo group no significant
alterations were found. However, opposite results were
found in other studies conducted in oncological
patients undergoing chemotherapy and supplemented
with other medicinal fungi.*'*#* In vivo studies have
revealed that extracts of specific fungi posses non-sig-
nificant immunological effect on individuals with nor-
mal parameters; however, they are able to restore the
depressed immunological responsiveness caused by
tumors, reaching normal levels.! These factors may
partially explain the results found in immunoglobulin
levels of patients supplemented with Agaricus sylvati-
cus in this study.

In the supplemented group, there was a significant
increase in total protein levels during the treatment,
while opposite results were found in the placebo group.
The A/G ratio did not change significantly in both
groups. However, as we verified a significant reduction
of total protein in the placebo group, it was found that
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this had occurred at the expense of a reduction in albu-
min with consequent increase in globulin, events not
observed in the supplemented group. A study in
patients with acute non-lymphocytic leukemia treated
with chemotherapy and supplemented with Agaricus
blazei Murrill showed significant improvement in
serum albumin levels and A/G ratio.*' Other studies in
patients with gastrointestinal cancer showed no
changes in total protein and protein fractions, and A/G
ratio in the supplemented group with Agaricus blazei
Murrill, whereas the placebo group presented insignifi-
cant reduction of total protein and albumin, insignifi-
cant increase of globulin, and significant reduction of
A/G ratio, suggesting that controlled immunity inhibits
tumoral growth.*

It’s important to point out that the referred dosages
of ALT and AST in the Agaricus sylvaticus group of
the present study, were compared to normal dosages of
albumin since it may reflect an increase in the capacity
of hepatic synthesis, indicating a possible improve-
ment in this group as a result of supplementation with
these medicinal fungi.

Scientific evidence shows that 3-glucans act on the
immune system through stimulation of natural killer
cells, T lymphocytes, B lymphocytes and complemen-
tary cells, which lead to an increase in the number and
function of macrophages and monocytes, with subse-
quent proliferation and/or production of antibodies and
various cytokines such as IL-2, IL-6, TNF-o and y-ITF,
preventing regeneration and metastasis of cancer.®’

Both SBP and DBP were considerably reduced in the
supplemented group during treatment, whereas in the
placebo group it showed an important increase in blood
pressures. A study in tracheostomized experimental
models showed substantial reduction in mean arterial
pressure as well as in heart rate after supplementation
with Agaricus blazei Murrill.* Another study showed
that administration of Tricholoma mongolicum in rats,
promoted a reduction in mean arterial pressure of 95.3 +
7.4 mmHg.* Investigators hypothesized that the proba-
ble mechanism of action refers to vasorelaxation via pro-
duction of adenosine A2 receptors and/or production of
nitric oxide.”* The gamma-aminobutyric acid (GABA)
can be found in some species of medicinal fungi, which
may also explain the reduction in mean arterial pressure
by direct action on blood vessels or ganglionary block-
age, with subsequent release of transmitters in sympa-
thetic nerve terminals, or the somatory of these two
effects. It is worth mentioning that certain fungi are rich
in potassium and calcium, and since calcium may acti-
vate potassium channels in vascular smooth muscle,
causing hyperpolarization and relaxation, it partly
explains the reduction in blood pressure.” Arginine also
plays an important role in regulating cardiovascular
function, as it is a precursor of nitric oxide, a potent neu-
rotransmitter that has a vital role in the dilatation and
constriction of small cerebral blood vessels.*

Despite the fact that the mechanisms of the bioactive
compounds present in Agaricaceae fungi have not been

totally clarified in literature, the nutrients present in
Agaricus sylvaticus may contribute to reducing the cata-
bolic state in oncological patients and assist in the reduc-
tion of metabolic abnormalities, and biochemical,
enzyme and blood pressure parameters in these patients.

Conclusion

The results suggest that dietary supplementation
with Agaricus sylvaticus fungi is capable of exerting
metabolic benefits in addition to the benefits in the bio-
chemical, enzymatic and blood pressure parameters of
patients with colorectal cancer in the postsurgical
phase. Nevertheless, given the scarcity of studies in lit-
erature, further randomized clinical trials such as this,
are still necessary to determine dosage and other clini-
cal conditions for the adjuvant use of Agaricus sylvati-
cus to be beneficial.
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