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Analysis of Carcinogens and the Safety of Agaricus blazei Murill (ABMIK)

Bela Toth, Peter M. Gannett, Jonathan R. Daft, Insu P. Lee, Eppley Cancer
Rescarch Institute, Omaha, NE; West Virgima University, Morgantown, WV, WV
University, Morgantown, WV; Catholic University Mcdical College, Scoul, Korea

Cancer death rates among mushroom consumers versus non-consumers in the same
geographical region are 0.8 and 1.3% (p<0.05), respectively. This significant
difference in cancer death was attributed to enhancement of immunity against
tumor growth by NK cell activation. Currently, Agaricuy blazei Murill (ABMK)
has been consumed worldwide, however, safcty of this mushroom has not been
determined previously. Since some edible mushrooms, such as Agaricus bisporus
(AB), have been shown o contain potent carcinogens, we have undertaken a two-
year chronie cancer bioassays (US FDA guidelines) to evaluate the safety of long,
term consumption, and also o analyze ABMK for the possible presence of
mushroom rclated carcinogens. The results of ol a two year cancer bioassay”
showed that there are no significance dilferences in the frequency of spontancous
incidence of tumors in F344 ratg, while the survival rates in the treatment groups
were significantly increased by 33% of controls (p<0.05). Concurrently, three
separale lots of ABMIC were examined for the presence of Agaritine (B-N-(y-1(+)-
glutamyl)-4-hydroxymethylphenylhydrazine), the presumed biosynthetic precursor
of Aparitine, -N-(y-L{#)-glutamyl)-d-carboxyphenylhydrazine (CGPLI) and two
arenediazoniom ions that have been previously observed to form from Agaritine
and CGPH, 4-hydroxymethylbenzene diazonium on (HMBD) and 4-
carboxybenzencdiazonium on (CBD), respectively. Specifically, we used a
combination of HPLC and mass spectromelry Lo deleet Agariting or CGP1 and
chemical devivatization with naphthol coupled with HPLC analysis to detect the
presence of either HHIMBD or CBD, as there aryl azo-f-naphthol derivative. We did
not delect the presence of Agaritine, CGPI, IHIMBD, or CBD in the samples
examined (witli the limits of detection being approximately 100 ng for Agaritine
and GCPH and 10 ng for the naphthol adducts). Based on these resulls, ABMK
could be used as a replacement AB and would likely reduce the cancer risk
associated with A3



Introduction

The mushroom Agaricus blazei Murill extract (ABMK, Royal), a
dictary supplement prepared from the edible mushroom Agaricus blazei
Murill, has the potential for use as an immunomodulating agent, which
enhances quality of hife among cancer patients undergoing cancer
chemotherapy. In this study, the freeze dried mushroom was assayed
for the presence of four agents believed 1o be carcinogens and found in
the related mushroom, Agaricus bisporus (AB), namely Agaritine (1, i
N-(y-L(+)-glultamyl)-4-hydroxymethylphenylhydrazine), GCPH, (2, B-
N-(y-L(+)-glutamyl)-4-carboxyphenylhydrazine), 4-hydroxymethyl
benzenediazonium ion (3) and 4-carboxybenzenediazomnm ion (4).
The analysis were performed by HPLC with both UV and MS detection
and the analysis for 1-4 was negative willun the limits of detection,

The ABMEK extract was further examined in several biological
assays mcluding an oral toxicily study in both Sprague-Dawley Rats and
Beagle Dogs, a penoloxicily study, a seproduclive toxicity study, a
nenrotoxacily study i Fischer rats, and immunotoxicity study, and a
two-year cancer bioassay study, also in Fischer rats. The results of these
studies demonstrated that AMBK extract canses no reproductive
toxicily, genoloxicily, neurotoxicily, immunotoxicity, nor longer term
carcinogenesis. Based on these results, ABMIK could be used as a
replacement AR and would likely reduce the cancer risk associnted with
Al
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Experimental Methods

Agantme (1) and -N-(y=1L+)-ghuamyl):4-carboxyphenylhydiazine (2).(B-N-(y-
L{+)-pluliamyl}-d-hydroxymethyIphenylhydrazing, 1, and B-M-(y-L{+)-glniamyl}-
A-carboxyphenylhydrazine, 2, were prepared as previously descnibed .

Synthesis of arenediazonium op Ghalluoroborates of 3 and 4: The arenediazomum
ions were preparcd from the corresponding aromatic amine and mitrosyl
tetrafluoroborate. The products were isolated by filiration in 90% yield ?

Synthesis of 2-hydroxy--naphthaleneazo-4*arylbenzenes S and 6: The azo
standards were prepared by the reaction of 2-naplithol and an equimelar solulion of
Lthe tetralluoroborate 3 or 4 1 waler, under basic conditions and at 5°C. The
product was recrystallized from ethanol (~95% yield).*

Sample preparation for HPLCMS of 1 and 2. The literature methods for HIPLC
analysis were used,* and the clvant split between a UV detector and the mass
spectromeler. An HPLC vace of a sample extract of the fieeze-dried mushroom,
spiked wath agariting, is shown in Figure 2. The mushroom extiact was prepared
by sonicating 1 g of dry powder with methanol (70 mL) and 1% sodium bisulfite (2
mL, omitted when analyzing for 3 and 4) for 1 h. The resulting shurry was iltered,
and diloted 10 100 ml.. A 10 ml. portion of this eximacl was concenirated lo
dryness, re-suspended in 0.005 N NHLPO, (10 mi., pli 4.25) and sonicated for 10
min. Four mL of the resulting solution was passed through a C18 reverse-phase
SepPak washing with 0.005 N NH,HLPO, (1 mL, pH 4.25) and aligouts of the
resuliing eluant {25 ul.) were analyzed by HPLC. Spiked samples were prepared
by weighing 10 mg of 1 or 2 and dissolving in-methanol (10 mL). Alqouls were
then transferred twea Nask, freeze-dned moshroom added {1 g), and reated as
described above. In addition 1o using the “spiked” sample data to delerming
recovery, reproducibihity, and hneanty of the method, they also were used lo
demonstrate the 1 and 2 conld be detected by 1PLC and mass speclrometry,

HPLC and MS: Agaritine (1) and 2 were chromalographed on a Partisil 10-SCX 25
cm x 4.6 mm i.d. column, 0.005 NHH,PO, buffer (pH 4.25) as eluant, 0.6 mL/min
Now rate, detection at 237 nm. Under these conditions, the approximate retention
times were 1, 14 man, 2, 101 min. The azo compounds 5 and 6 were analyzed by
HPLC on a C18 reverse-phase column, 25 cm x 4.5 mam, methanol/water eluant,
Now rate 1 mlfon, detechion wavelength 274 .



Genotoxieily Studies: Genoloxicily studies were performed according o 1CH
Harmonized Triparite guidelines including the Ames assay using 4 straing
Salmonella typhymunum and £ coli, chromosomal abberation assay using CHO
eeells, and the Mouse nmueronucler 1est,

Toxcaty Stuches: A 28-day ol toxicity study of ABMK extract in Sprague-
Dawley rats and Beagle dogs was conducted. Doses in rats (1x, 10x, and 20x the
anticipated daily human dose) and in dogs (15, 5x, or 10x the anticipated daily
human dose) were administered Rat wxicity data was evaluated in 40 male and 40
female rats (10 rats/sex/dose/group) and in 12 male and 12 female dlogs (3
dogs/sexfircatment group). A rats and dogs swrvived 1o the seheduled neeropsy on
Day 29,

Reproductive Toxicity Stily: The effects of long term dietary feeding of ABMEK
powder for 6,9, and 12 months, with respect to male reproductive funclion, was
evaluated. Amimals were observed for potential aflects on rate of mating, fertility,
pregnancy, weight changes among pregnant rals, parlurition, gestational periods, .
mumber of Tive and sullbirth, sex ratio of live liners, dictary changes in newborm
and autopsy of all female rats for abnormalities.

Nenrotoxicily Study: Fischer rats were fed dictary concentrations of ABMK,
powder, of 0, 6,250, 12,500, and 25,000 ppm e fibisum. Fach experimental group
consisted of 10 males and 10 females. Afler 6 months of dictary leeding,
spontancous locomotor aclivily, Morris water maze and passive avoidance tesls
were made to evaluale the dietary effects ol ABMEK, powder.

Timmunotoxacity Study: T-cell dependent antibody response i all ABMK dietary
treated animals wepe evaluated by challenging animals with sheep red blood cells
(SRBC) 4 days prior to sacrifice. The spleen was removed and spleen cells were
assayed for anhibody forming capalnlity. Antibody plague assay was expressed as
both spleen cell numbers and spleen weight,

Two-yemn Cancer Ihpassay: A two-year (104 weeks) oral chronie cancer bioassay
ol ABMK was made with 4 groups of Fischer rats, both male (50) and female (50)
ammals. The diet contamed 0 (VC), 6,250 (T,), 12,500 (T,) and 25,000 (T,) ppm
andd given ad Sbiteen Tor the entire 104 weeks.



Results

Analysis for Aganiting (1) and (2)

Three separate lots of ABMK powder were examined
and three samples lrom each lot were made Tor the analysis
of apariline (1) and 2 [or a total of 9 samples (Figure 1), 0 Al
Each sample was cxamined by HPLC for the presence of -
both 1 and 2. A representative HPLC trace 1s shown i H
Figure 2. Each sample was spiked with either T and 2 as o 5
positive control, In addition 1o the use of UV detection, we g
also examined the eluanmis for 1 and 2 by MS. Regardless of
(he detection method or sample, we were unable 1o detect the
presence ol ejiler 1 and 2 {Iirnil ol deleclion is
approximately 100 ng for 1 and 2.** i
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Analysis [or the Arenediazonnun lons (3) and (4)

The analysis of 3 and 4 were made by conversion (if present) o their
corresponding azo-naphthel 2-naphthol adducts 5 and 6, respectively (Figure 1).
This method had been used previously to demaonsirale the presence of
arenediazonium tons in Agaricus bisporus. As in the case of the analysis for 1 and
2, 3 separate lots of ABMK were examined and cach 3 scparale samples from each
lot were preparcd. 1ITPLC analysis on C18 was performed on these sample using
both UV and MS detection. Samples were spiked with § and 6 1o imsure they
would be detected if present. In no case were we able Lo deteet compounds either 5
or 6 and therefore conclude that neither 3 nor 4 were present in any of the lots of
Agaricus Blazei Murifl we analyzed, within the level of detection (10 ng). 1ts
possible that any of the compounds 1-4 are i Agavicns Blazei Murill but they
would have to be present at concentrations below the noted limits of detection.



Genotoxigity Data Suiminary_ o ABNMIS

FDA recommended genotoxicily studies were perfonmed according 1o 1CT1
Harmomized Topartite goidelmes that include Ames 1est using 4 stiains Salmonella
typhymunum and £ colr, chromosomal abberation assay nsimg CHO cells, and
Mouse microniclen lest 1o evaluate ABMIKC Genotoxety studies with ABMK
showed all negative resnlts demonstrating that ABMIK was nol a genoloxicanl,

Toscity Data Summary for ARMIC

ABMK has been proposed as being of potential use as an munomodulating
agent, which enhances quality of hife among eancer palients undergoing cancer
chemotherapy. Therclore, it was necessary 1o oblam loxicity data. As deseribed i
the Expermmental sechion, toxicily data was obtamed on a tolal of B0 rats and 24
beagle dogs. All survive the 28 day testing penod,  No test related chimical signs off
toxicity were observed i enther group ol anmimals, Mo test daa indicated any
sigmificant effects on body weights, food consumplion, hematology, chinical
chemstry, gross necropsy lindmgs, or histopathology. The NOEL doses in
Sprague-Dinvley vis and beagles were = 176 mikp/day (20% the daily humin
dose) and =2 673 mlkg/day (10x the dmly himan dose respectively



Reproductive Toxicity Data Summary of ABMEK

The effects ol long term dietary feeding of ABMIK for 6, 9, and 12 months

with respect to male reproductive function'was evaluated. The key pomls are:

1)

2)

3)

4)

5)

6)

The results showed no dietary dose related effect on the rates of mating,
fertility, and prepnancy.

MNeither dhetary dose related general climeal abnormalities nor pregnancy
related abnormalities were observed during the entire period of pregnancy.

No dietary dose related body weight changes among pregnant rats in the
treatment groups were observed.

No dietary dose related effect on parturition, gestational periods, the number
of live and stillbirth, and the sex ration of live litlers were observed and no
slatishcally different changes in all reatment groups were demonstrated from
that of the control.

No dietary dose related changes of newborn of all treatment groups were
observed.

Autopsy ol all [emales showed no abnormalities either in the control or
treated groups.

These studies demonstrate that a long term dietary feeding of ABMIK in male

rals causes no reproductive toxicity.



MNeurotoxicy Studics

Neurotoxicity studies were conducted as deseribed in the Expenmental

section with Fischer rats, The key results dre summanzed below,

1) Spontancous locomotor activity between the control and the treated-gronps of
both males and females following a & month dietary feeding ol the test
material showed no statistical difference, despile the test proups showed a
tenddency 1o have mcreased spontaneons locomator activily (Table 1, below).

2)  Morris water maze lest resulls with male and female lest groups receiving

6,250 (5x the anhicipated daily human dose), 12,500 (10x the anticipated danly
human dose), and 25,000ppm (20x the anticipated daily human dose) ABMIK
for 12 months. Male groups receiving the 12,500 and 25,000ppm
demonstrated Lo sigmificant increase of cognitive and memory function,
however, 1t was not slatishically significant. The female 25t group receiving
the same doses showed statistically significant increase of both cognitive and
memory function as compared to thal ol the control group.

Table 1. Spontancous Locomotor Activity, Cosnitive, and Memory Funclion

in Male and Female ats

_-;f.:rmnp Dosc . Time (min) Mean Response Ialency
(ppm) M F M g
_lelml 0 3971562 AM.9H653 T.37101.04 747+1.62
LY 6,250 | 398.01453 | 453.04628 | 853129 | 4.93+040
T, IE,_‘}{EIL'I' A3B.94587 | 44563581 S_?{}ﬂ}.!-_l-? 4241048
T 25,000 437.9133.6 | 557.3440.2 | 5.6010.55 4'39-"“'22._

"Sigmicamly different hom conteal growp (p<0.03). Each value represenis the

hlemn t SEM (e 10

From the results obtamed from the experimental groups afier 6, 12, and 22
months of dictary lfeeding of the ABMI, elfects on spontaneous locomolor
activity, cognitive, and memory function were nol afTeeted, but rather demonstrated
o enhance spontaneous motor achivily, cogmbive, and memory function,



Lonsvvsmnton ety Drata

Expernimental results showed that m male groups, there was a trend ol dose
dependent increase m antibody formation per umt spleen cells i all ABMIC
treatment groups as compared 1o that of control. However, these mcreases were not
statistically sigmficant. Likewise, Cytoxan-induced reduction in antibody forming
capability per unit spleen cells appeared to have mereased i a dose dependemt
manner i ABMIK ucatment gronps, however, the mereases were nol statistically
significant.

In female ABMK treatment groups demonsiraled a statistically significant
mercase of antibody formimg capability in dose respomsiv manner per unit spleen
cells by 30% (p=<0.01). Likewsse, merease of anhibody forming capability in
ABMIK proup expressed as umit spleen was also stabistically signilicant, however,
tatal cells per unit spleen was not increased. Cyloxan-induced suppression of
anlibody Forming capabehaty pr ol ABNI- treatment gronp was protected
sipmficantly from innmunosuppressive effects of cylotoxic agents, Cyloxan. The
magnibde of the protection from Cyloxan-induced suppression of antibody
formmg capabality was statistically protected i all ABMEK treatment gromps enthe
expressed-as per wnt spleen cells or as per wnil spleen.
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As described 1o the Experuncntal section, feeding stucies were conducted for 104 weeks with four groups
consisting of 50 male and 50 female groups. Diet at 4 different levels of ABMK were studied. The total
incidence of tumors in all animals, in dead and moribund znimals and, in terminal sacrifice 2nimals are showrn

in Tables 2-2, below.
Table 2. Incidence of Tumors in All Animals
Description Male i Historical Female Historical 1|
- i 1 daa . data |
| vC | T, T, T, |Ranger%) | VC | T, | T T, | Range(%) |
| Totl l |
- !
i anumals per 5Q 50 50 50 50 50 50 50
| Group
| Toul a7 | a8 | a9 | s0 31 32 | 29 | 32|
j ammals {94%) | (96%) | (98%) | (100%) | 90-100% 1(52%%5) | (64%) | (38%) | (64%) | 54.98%
| with umors
| Total |
| animals 24 | 25 | 22 26 3882% | 7 | 14 9 ¢ §-56%
_l with (48%) | (50%) | (84%) | (52%) (14%) | {28%%) | (18%) | (18%)
1 malignant ; i
| rumors | |
| Tomt | 41 | 42 | 45 | a9 | osxi00% | 28 | 23 | 27 | 27 | ss86%
| animals | (82%) | (84%) | (90%) | (98%) | | (36%) | (46%) | (34%) | (54%)
[ with benign :
umors I )

“Boorman, GA. Momgcm.er}'. CA, MacKenzie, WF Pathology of the Fischer Rat: Reference & Atlas. Acad. Press, Ing. 1963



Table 3. Incidence of Tumors in Dead and Moribund Animals

i Description Male Female

[ Ve T, T, | T e T, T, T,
!L Total animais 24 14 8 ‘ 15 5 |1 9 7 5
| per Group | |

[

Total 2nimals | 22 (92%) | 13 (93%) | § (100%) | 15 (100%) | 3(60%) | §{89%) | 5(71%) | 4 (80%)
with rumors | I |

| Totwl agimals
f with malignant | 19 (79%) | 12(86%) | 5(63%) | 11 (73%) | 2(20%) | G(67%) | 3(23%) | 4 (8C%)
| nors

| Total animals
with benign | 17(71%) | 9(62%) | 6(75%) | 13(93%) | 2(40%) | 2(22%) | 4(37%) | O (0%}
unors

]
!
I
¥
L




Table 4. Incidence of Tumors in Terminal Sacrificed Animals

-rDescripliun

Male

Female

VC

1

T,

T,

Total animals 25
per Group

36

42

43

43

| Total animals | 25 (96%)
| with tumors

35(97%)

4] (98%)

28 (62%)

24 (59%)

24 (56%)

28 (52%)

| Total aaimals |

| with | 5(19%)
malignant

tumors

13 {36%)

17 (40%)

5(11%)

§ (20%)

i1

6 (14%)

| Total animals | 24 (92%)
| with beaign
| rumors

33 {52%)

39 (93%)

35 (100%) |

26 (58%)

21 (51%)

19 (44%)

Suagstics: Ammal survival rate analyses - Log-Rank test; Dose response tesi - Both Logistic Regresion test. Fisher’s exac: a5t
and Cochran-Armitage wrend test. For the Cancer risk rat, Polv 3 method was applied.




Conclusions

)
2)
3)
4)
5)

)

7

8)

ABMIK does not contain Agariting (1), GCPH (2) or the arenedizommm wons
Y and 4 a0 deectable levels, unlike the related mushroom AR,

Ina vanety of genotoxicity studhies, ABMIEK was found to be lacking any
delectable penotoxicily

ABMI, i a 28-day feeding study in Sprague- Dawley rats or beagle dogs
gave no evidence ol toxicity

No evudence of reproductive toxieily was obscrved i long term feeding
stihies i rals

Feeding studics of ABRMIC m Fischer rats were negative Tor neurotoxicity

Immunotoxieity stuthes showed some increase in anhibody Tormation but was
statistically significant only i females, ABMIK was protective against
Cytoxan-induced suppression ol antibody formation.

Long term feeding studics showed no significant increase in tumor formation
relative to conliol, Notably, female tumor rates were relatively i the low
range ol hastoncal data

ABMEK appears 10 be a non-toxic, non-carcinogeme food-stulfl that conld
serve as a substitute for AR In addition, ABMIC may have imnumoprotective
properties.
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