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Background: Poisoning by different kinds of toxic mushrooms is unfortuately becoming
an increasingly important medical problem, evident from #growing number of reports
worldwide since the 1950s. Mycetism being a health concern,deserves scientic
attention. In this perspective, the present study aims to asess the potential effects of
ingesting the selected wild mushrooms from regions of the Watern Ghats, India.

Methods: The preliminary cytotoxicity of the selected mushrooms wastudied in vitroon

the intestinal NCM460 and the Chang’s liver cell lines on theasis of cell viability. Further,
the hepatotoxicity was assessed by measuring biologicallyelevant endpoints such
as membrane integrity, mitochondrial stress and oxidativetatus. A 28 day sub-acute
toxicity study was carried out by orally administering the mshroom extracts to mice
at 250 and 500 mg/kg body weight. The hematological and serumanalysis as well
as histological examinations were carried out to evaluatenheir in vivo toxicity. GC-MS
analysis of the mushrooms facilitated the identi cation otheir volatile chemical pro le.

Result:  The in vitro intestinal cytotoxicity exhibited by these wild mushroomsin

comparison to the edible mushroom indicated their potentibgastrointestinal toxicity. The
pathological ndings in small intestine on exposure toChlorophyllum molybditesand

Agaricus endoxanthusalso validates the speculations about their intestinal tagity. The

toxic insult to the hepatocytes due toAmanita angustilamellataEntoloma crassum and

Clarkeinda trachodeswas predictive of the observedin vivo hepatotoxicity which was
also accompanied by renal toxicity at the higher dose of 500 mykg bwt.

Conclusion: The potential toxicity exhibited by these representative oshrooms from
the wild warrants caution about their consumption. The presnt work could also have
broader implications for global mycetism.
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INTRODUCTION undocumented due to the lack of con rmatory evidenééfma
et al.,, 2011 The spectrum of clinical manifestations due to

By ages, foraging and eating wild mushrooms, though a fevori sych poisonings range from mild gastrointestinal disturbesic
pastime of many, is a great health concern due to the high risty cytotoxicity resulting in hepatic or renal injury and even
of mushroom poisoning involved in iBerger and Guss (2005) sometimes proves fatabppinath et al., 2091
Poisoning by di erent kinds of toxic mushrooms is unforturey In the Indian subcontinent, poisonings are of common
becoming an increasingly important medical problem, evidenbccurrence in regions where people heavily depend on wild
from the growing number of reports worldwide since theresources for their food. In view of the growing incidence
1950s Diaz, 200} In the global perspective, the incidenceof mushroom poisonings in India, for instance the case of
of mushroom poisoning varies according to diverse lifestylenuscarinic poisoning recorded bgeorge and Hegde (2018§
and economic factorsHersson, 20)2 The North American in the ones reported by the local newspapers such as The Kaimudi
Mycological Association in 2014 documented 78 mushroonpnline or The Shillong Times, it is essential to characterize
poisoning incidents in humans3eug, 201y The year 1994-2012 the toxicological pro le of the wild mushrooms before theyear
reported 183 deaths in Chin&C(ien et al., 2014and about 102  considered safe for consumptionina et al., 2012 Recently,
cases at Iraq, during 2006-2012a(isar et al., 20)have been it was also observed that the number of mushroom poisoning
attributed to mushroom poisoning. Mushroom poisoning in cases showed an upward trend in the state of Kerala, India,
Thailand is Closely related to the Iifestyle; with 38.73%icifms and in most of these cases, the main reason was found to be
being agricultural workersSaoraya and Inboriboon, 20L3tis  misidenti cation of the mushrooms ijeesh et al., 20).7The
quite obvious that mushroom poisoning is emerging as a globalix speciesRigure 1) selected for the present study are quite
epidemiology Diaz, 2003 common and abundant in the state and fruit largely in groups

Of the 357 genera of Basidiomycetes (Club fungi) in theys that of some edible mushrooms likermitomyces, Agaricus
world, 232 genera have been reported in Indiga(ioharachary  Their close morphological resemblance to edible mushrooms
et al, 200p Interestingly, among the 1,200 Indian speciesncreases their probability of being picked up by amateurs and
documented, only 300-315 species are considered ediRiich as well tricks even the experienced into the risk ofrthei
(Thiribhuvanamala et al., 20).However, mushrooms have been mistaken identity (Supplementary Image 1).
an integral part of the diet of many tribes and ethnic groups  The mushrooms ofAmanita are estimated to be responsible
in India who consume nearly 283 species of wild mushroomsor about 95% of the fatal mushroom poisonings worldwide and
(Purkayastha and Chandra, 198%s there exists no universal thus have been subjected to careful scrutimgtter, 199% The
rule for di erentiating a toxic mushroom from an edible one, Saprobic genuﬁgaricuscomprises not on|y the edible Species
these mycophilic communities, despite being guided by theiput also potentially toxic ones, especially those belongirtheo
traditional and indigenous knowledge in picking the wild eléib  section Xanthodermatei(Thongklang et al., 20)4 Therefore,
mushrooms, are easily misled by their poisonous look-alikeshis study has considered evaluating the toxicity Avhanita
Thus, the monsoon months which mark the mushroom bloom,angustilamellataand Agaricus endoxanthusvhich represent
witness many cases of poisoning; a few reported and manje speculated sections ofmanita and Xanthodermatei,

FIGURE 1 | The wild mushrooms under the study (in clockwise)Amanita angustilamellata, Agaricus endoxanthus, Clarkela trachodes, Chlorophyllum molybdites,
Psilocybe subcubensis, Entoloma crassum

Frontiers in Pharmacology | www.frontiersin.org 2 February 2018 | Volume 9 | Article 90


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Sai Latha et al. Toxicity Assessment of Wild Mushrooms

respectively. Since 1900, the medical and botanical litezat geographical distribution, personal idiosyncrasies assegtigith

has been citing the poisonings associated v@thlorophyllum its consumption and also the e ectiveness of cooking processes
Molybdites(Bijeesh et al., 20)&nd it is one of the most easily involved in its preparation {oung, 1989 Therefore, as a part
misidenti ed speciesCochran, 198) However, the edibility of of our study, an attempt was made to verify the toxicity of this
this mushroom has also been discussed controversially &sghav mushroom.

been associated with serious gastrointestinal troublesyler The literature on the taxonEntoloma has also been
and Piearce, 193@hile contradicted byGuissou et al. (2008) inconsistent regarding its edibility aspects. For example,
as harmlessly edible. The toxic symptoms of this mushroonk. clypeatumis good and edible according t8vicek, 1983

are seemingly debatable due to the variations on account efhile considered suspicious byhillips (2006)and in some
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FIGURE 2 | (A) The effect of the extracts on the morphology of NCM460 cells svisualized under a phase contrast microscope(B) ICs5q values of the extracts.(C)
Dose response curves w.r.t. exposure to different concenations of the mushroom extracts on the intestinal cells. Datpresented are the means SD of results from
three independent experiments. “#” represents signi cant dference with respect to AB atp < 0.05.
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cases found to be toxic when eaten rafresinsky, 1990 speculated to be toxic according to the POISINDEX Informatio
The poisonings associated with. sinuatum(Hanrahan and System Rumack and Spoerke, 199Supplementary Table 1),
Gordon, 198% and E. niphoidegBecker, 1960have reiterated the present work aims to provide a scienti ¢ validation of the
the point made byPegler and Watling (1982that the gray possible outcomes of consuming these mushrooms. So far, there
and brown species @ntolomataceaare best avoidedntoloma are no preceding reports of research on the edibility aspe¢teof
species are abundant in the state of Keradleijimohan et al., selected mushrooms.

2009 and the new specie&ntoloma crassunshares many The present study has been designed to evaluate the potential
microscopic and macroscopic similarities with its toxic telas e ects on ingestion of the selected wild mushrooms and
E. sinnuatumand E. niphoidegPradeep et al., 20)and hence thereby in order to ascertain the edibility or toxicity ofebke

this study explores its toxic potentiaPsilocybemushrooms indigenous species. Tha vitro cytotoxic potential of the
referred to as “magic mushrooms,” are usually associatéld wiselected mushrooms was assessed using two cell line models,
psychiatric complications and are considered as one of themajthe intestinal and the liver. The assessment was conducted
natural hallucinogenic drugs of abusea(i Amsterdam et al., by measuring biologically relevant endpoints such as the cell
201). Psilocybe subcubensssconsidered as the pantropical viability, membrane integrity, mitochondrial stress, amddative
sister species oPsilocybe cubensighich is known to cause status. Further, the oral toxicity study was carried out in
psychedelic e ects. Thi®silocybespecies is an underexplored

representative of its genus and hence has been included in the

current study. To the best of our knowledge, this study is the # x
report about the toxicity oClarkeinda trachodegshich has been 800~ . ____ 4
mentioned as poisonous, but without any substantial scienti -
evidence. Also as the genera of these mushroom species ar= oo | TIT] T
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FIGURE 3 | (A) ICsq values of the extracts on Changss liver cell lingB) Dose FIGURE 5 | Nitric Oxide (NO) radicals generated on exposure to the extcts
response curves w.r.t. exposure to different concentratins of the mushroom for 24 h. Histograms represent % increase in comparison to th control. Data
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mice to identify thein vivo toxic responses on administering diacetate), Rhodamine 123, Griess reagent were purchased
the mushroom extracts at two doses which correspond tdrom Sigma Aldrich (India). Fetal bovine serum (FBS) was
about half and one serving of mushrooms in case of humangought from HyClonéM (USA).The kits used for the estimation
Hematology analysis, serum biochemical assays and tggtalo of Lactate dehydrogenase (LDH) and the serum biochemistry
examinations were performed in order to evaluate toxicalabi parameters were purchased from Agappe Diagnostics Ltd., India.
pro le of the mushrooms. Also, the GC-MS analysis facilitated

the identi cation of characteristic volatile prole of thes cgllection of Mushroom Samples
mushrooms. The ndings of this work may serve as signi cantthe myshroom samples were collected from di erent forest

cues in deciding the edibility of these mushrooms. localites of Wayanad and Trivandrum districts of Kerala
state, India, during the period of June—August, 2013.The

MATERIALS AND METHODS collected mushroom specimens were systematically studied f
_ _ their macroscopic as well as microscopic characteristics and
Chemicals and Kits identi ed using standard taxonomic keySinger, 1985 All the

The chemicals used for the study, Minimum Essentiabpecimens studied were deposited in the Mycological Herbarium
Medium (MEM), penicillin-streptomycin  solution, MTT of Jawaharlal Nehru Tropical Botanic Garden and Research
(3-[4, 5-dimethyl thiazol-2-yl]-2, 5-diphenyl-2-H- tetemlium Institute, Trivandrum [TBGT]. The six wild mushrooms

bromide), DCFDA (8 7Dichloro dihydro uorescein under this study along with their voucher numbers are as
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FIGURE 6 | (A,B) Detection of intracellular reactive oxygen species usingié uorescent probe HoDCFDA. Chang's Liver cells were exposed to the extracts for£h
as indicated and the uorescence levels in the attached cellsvas measured at 485 nm for excitation and 515 nm for emission(C,D) Mitochondrial membrane
potential changes were measured by the uptake of the catiori uorescent dye Rhodamine 123. Histograms represent % incrase (in case of ROS) and decrease (in
case of MMP) in comparison to the control. Data presented ar¢he means  SD of results from three independent experiments. “#” and “*’@presents signi cant
difference with respect to AB and control respectively ap < 0.05.
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follows: A. angustilamellatd AL) (TBGT11861)P. subcubensis the identically prepared extract of the nontoxic mushrodin
(PS) (TBGT12004),A. endoxanthus (AE) (TBGT14768), bisporugPrastetal., 1998
E. crassun(EC) (TBGT145817);. trachodefCT) (TBGT14500),

Chlorophyllum molybdite§CM) (TBGT14944), andAgaricus Cytotoxicity Evaluation

bisporusvas purchased from the local market, Mysore. Cell Lines
) The NCM460 (colon epithelial cells) and Chang's liver cell lines
Preparation of the Extract were obtained from National Centre for Cell Sciences (NGCS)

The specimens collected were shade dried and stored undeune, India, and grown at 3T in a humidi ed atmosphere of
controlled temperature of 1@. The mushrooms were then 5% CQ using MEM, supplemented with 10% FBS and antibiotic
coarsely powdered and extracted with 50% ethanol. Abouolution. About 80% con uent cells were used for the assays
100mL of the solvent was used for 5g dry weight of thevhich were carried out in triplicates.

mushrooms and extraction was carried out overnight on

continuous shaking. This extraction process was repeated arigell Viability Assay

the ltrates from each extraction were pooled and subjected t The MTT assay was used to assessiitheitro cytotoxicity of
rotary evaporation in vacuum to remove the alcohol. Dry powdeithe mushroom extracts on NCM460 and Changs liver cell lines.
of the extracts was obtained after subjecting the alcohe fr The cells (100n_; 1 1P cells/mL) were seeded into 96 well
extracts to lyophilization. The extracts thus obtained wested microtiter plates and left to adhere for 24 h. The medium was
for their toxic e ectsin vitro andin vivo. Thein vitro andin vivo  then removed from the wells and replaced with 19D lter
response to the selected mushroom extracts was compared witerilized medium containing the mushroom extracts. Thésce

TABLE 1 | Effect of the mushroom extracts on hematological parameteron day 14 and 28.

WBC (103/mL) LYM (103/mL) PLT (10%/mL) RBC (108/mL) HGB(g/dL) HCT (%)
CONTROL D 28 322 058 122 014 991.50 351.93 7.89 0.79 1231 1.17 40.09 3.96
D14 292 088 2.01 047 1039.72 257.89 8.62 1.43 13.16 1.28 3845 451
AB 500 D 28 456 0.98 1.89 0.36 1218.40 174.06 8.45 1.91 13.80 1.55 4474 2.08
D14 463 094 120 0.13 1236.33  125.69 8.87 0.06 12.70  0.40 4540 1.21
AB 250 D 28 588 1.74 145 0.44 1259.50 144.24 9.99 1.08 1455 1.03 51.30 5.11
D14 340 0.88 1.30 0.6 1601.66 152.26 10.61  1.49 15.02 1.24 52.70 6.48
AE 500 D28 556 0.32* 5.46 1.06* 662.67 413.41 8.97 0.62 12.46  0.66 4563 3.88
D14 441 0.35 323 1.60 1083.40 248.59 9.26 0.27 13.50 0.89 47.64 2.04
AE 250 D28 463 0.44* 356 0.84* 1028.50 224.65 8.97 0.63 13.80 0.89 47.97 276
D14 290 1.23 240 111 1029.00 84.19 9.27 031 13.63 0.20 46.26 1.34
AL 500 D 28 6.93 1.33* 9.80 0.08* 1148 394.93 1032 123 14.90 1.06 50.80 4.44
D14 596 1.52 328 1.67 392 123 499 0.79 9.85 1.59 29.9 4.69
AL 250 D 28 550 0.89* 5.20 0.08* 996 185.42 7.84 0.79 1229 1.32 4480 3.91
D14 3.09 0.12 220 0.62 1381 1265 9.22 058 1476  0.83 59.03 3.09
CM 500 D 28 5.32 0.88* 5.38 0.65* 589.5 234.77 6.96 2.78 12.20 0.88 37.31 275
D14 1.94 0.62 1.08 0.25 10925 44531 6.91 258 10.27 3.33 37.00 5.85
CM 250 D 28 5.16 0.56* 407 1.08* 593.33 319.42 596 3.17 10.56  3.02 3506 5.57
D14 590 2.93 1.40 0.04 953.50 28.98 9.06 0.76 12.70  0.65 4480 3.26
CT 500 D28 523 0.66* 3.67 0.20% 1403.66 26.88 8.75 0.53 13.63 1.41 46.90 273
D14 263 0.62 2.50 0.87 988.50 27.94 9.12 028 14.14 0.96 47.96 2.83
CT 250 D 28 445 0.20% 2.20 0.06* 1121.33  106.42 8.47 0.60 12.66 0.78 4223 2.84
D14 2.40 0.06 1.70  0.49 712.33 2235 8.74 0.11 12.60 0.30 43.26  0.64
EC 500 D 28 7.96 2.02* 6.35 0.31* 1134.00 35.92 8.03 1.43 1475 1.15 43.68 2.63
D14 500 1.22 3.00 1.19 1280.33 22.21 9.16 0.14 1426  0.19 47.23  0.64
EC 250 D 28 7.25 0.66* 435 1.12* 1139.00 24.49 854 0.40 13.05 0.28 4245 0.44
D14 392 171 315 1.32 81550 412.64 9.16 0.45 13.10 0.48 4565 1.82
PS 500 D 28 581 1.07* 485 0.69* 1372.20 163.95 9.26 0.61 1353  1.02 48.78 2.85
D14 200 081 291 1.12 1249.00 230.98 831 1.43 13.19 1.77 4957 478
PS 250 D 28 566 0.77* 299 0.24* 1179.18 88.67 9.55 0.53 1389 0.24 47.40 253
D 14 330 0.89 230 0.88 1145.00 212.35 7.43  0.77 11.45 0.88 40.90 353

Values are expressed in mean SD (nD 6/group). *Signi cant difference with respect to control at p< 0.05.
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were incubated with di erent concentrations (0-2.5 mg/mi) o Estimation of Nitric Oxide Levels

the extracts for the next 24h. MTT (1081; 0.5 mg/mL) was The Griess reagent was used to estimate the nitric oxiddsleve
added to each well and further incubated for 2 h. The mediunin terms of the amount of nitrite generated. After 24 h exposure
was removed and DMSO (108L) was added. The absorbanceof the cells to the mushroom extracts, to the culture supeantt
was read at 570 nmM{osmann, 198Band the cell viability was equal amount of the Griess reagent was added and allowed
expressed as percent of control. The toxic e ects of the exdracto react for 5min at room temperature. The absorbance was
on cell morphology were also noted and photographed. Omeasured at 540 nnB@nati et al., 1993

completion of the preliminary viability assay with both thdlce

lines, the further assays were carried out using the Chéingls  Estimation of Intracellular Oxidative Stress

cell line. The oxidative stress in terms of the reactive oxygen species
(ROS) generated was measured using the dye DCFDA following
Lactate Dehydrogenase Leakage Assay the procedure ofWang and Joseph (1999The cells seeded

The LDH estimation kit (Agappe Diagnostics Ltd.) was usedn 24 well plates were exposed to the mushroom extracts as
to measure the extent of plasma membrane damage. The celentioned earlier. After 24 h of exposure, the oxidation sevesiti
(100mL; 1 1P cells/mL) were seeded into 96 well plates and lefdlye DCFDA (10mg/mL) was added and incubated for an hour.
for about 24 h to adhere. The cells were exposed to the mushroofrhe cells were washed thrice with PBS and the intracellular ROS
extracts (100rL; 1 mg/mL) for the next 24 h and the amount of formation was detected at an excitation wavelength of 485nm
LDH leaked into the medium was estimated at 340 nm in terms ofind an emission wavelength of 535nm using microplate reader
the reduced nicotinamide adenine dinucleotide (NADH) fazch  (Hidex plate chameled'V, Finland).

Assessment of Mitochondrial Membrane Potential
TABLE 2 | Effect of the mushroom extracts on kidney functioning on day.4 and A modi ed protocol of Rahn et al. (19913)_’8'5 used _tO assess the
28. e ect of the mushroom extracts on the mitochondrial membrane
potential using the uorescent dye Rhodamine 123. After
exposing the cells to the extracts for 24 h, B@0of Rhodamine

CRE (mg/dL) BUN (mg/dL) TPR (mg/dL)

CONTROL D28 032 007 23.94 334 521 o045 123 (10mg/mL) was added to the wells and incubated for 1h
D 14 034 004 26.44 459 478 014 at 37 C. The cells were then washed thrice with PBS and the
AB 500 D28 028 0.06 2060 145 187 022 uorescence intensity was measured at excitation wavéheof
D14 025 0.05 1820 1.10 494 008 485 nm and an emission wavelength of 535 nm using microplate
AB 250 D 28 024 005 1754 148 483 021 reader (Hidex plate chameleB¥V, Finland).
D14 0.22 0.04 16.56 2.15 436 0.47
AE 500 D28 044 002 2076 1.23 se9 021  Sub-Acute Oral Toxicity Study in Mice
D 14 0.33 0.8 26.32  2.69 541 035  Animals and Housing Conditions
AE 250 D28 0.40 0.02 28.66 1.49 5.81 0.29 Female Balb/C mice of body weight between 25 and 30g, from
D14 0.28 0.05 2344 1.06 498 014  the Central Animal Facility of the laboratory were used for
AL 500 D28 0.58 0.13* 41.23 518 6.79 0.42*  the study. Six animals per cage were housed in standard sized
D14 051 0.02* 39.23  4.40* 6.09 019  cages with sawdust bedding and maintained under controlled
AL 250 D28 0.54 0.05 40.09  3.06 6.71 056  12h light/dark cycle, optimum conditions of temperature and
D14 0.49 0.01* 36.32 266 597 026"  relative humidity (23 2 C, 40-60% humidity). Potable
CM 500 D28 0.40 0.05 29.73  6.94 611 062  water and standardized pellet diet (Diet composition as per
D14 0.33 001 25.34  1.30 521 015  gSupplementary Table 2) were providad libitumto the animals.
CM 250 D2s 0.34 0.0z 28.51  1.62 569 021  The experimental procedures were performed in accordance
D14 0.28 005 2232 483 4.96 006  wijth the Ethical Principles in Animal Research and approved
CT 500 D28 054 005" 3931 598 661 046" py the Ethics Committee, Defense Food Research Laboratory,
D14 045 003 35.34  4.30 594 028" DRDO (Refno. DFRL/IAEC/01/2015).The study design followed
CT 250 D28 034 001 2348 397 564 053 the OECD guidelines TG 4070ECD, 2003 for assessing the
D 14 0.28 0.06 2129 2.16 493 004 b acute toxicity.
EC 500 D 28 0.57 0.03* 38.95 459 6.56 0.47*
D14~ 048 0017 84.62 3.89 584 041" Dose Formulation and Administration
EC 250 D28 034 002 2848 1.03 564 053 The mice were randomly divided into 15 groups D 6).The
D14 028 005 20.94 334 493 009 gnimals were fasted for 2h prior to the administration of the
PS 500 p2g 039 002 2944 1.06 575 042 mushroom extractsA. angustilamellata (AL)P. subcubensis
D14 0.33 002 2457 187 4.98 0.26 (PS) A. endoxanthus (AEE. crassum (ECE. trachodes (CT),
PS 250 D28 0.34 001 2848 2.01 560 045 C. molybdites (CMandA. bisporus (ABand the control animals
D14 0.24 0.07 20.60 1.55 487 0.27

were administered water in place of the extracts. The mushroo
Values are expressed in mean SD (nD 6/group). *Signi cant difference with respectto ~ €Xtracts were dissolved in water and each mushroom extract
control at p < 0.05. was administered at 250 and 500 mg/kg bwt every day for 28
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consecutive days. On administration of the extracts, thenais  estimation of enzyme activities such as aspartate transzsain
were observed for signs of toxicity and mortality during 8tedy  (AST), alanine aminotransferase (ALT), alkaline phosphatase
period. At the end of the study, the animals were sacri cedemd (ALK), and the total bilirubin (TBIL) content. The kidney
anesthetic conditions and blood was drawn through cardiadunction tests (KFTs) included the estimation of creatinine
puncture. The body weights were measured on the day 14 as wlIRE), blood urea nitrogen (BUN), and total protein (TPR).
as prior to sacri ce of the animals.

Histopathological Studies
Hematological Analysis The organs viz., brain, kidney, liver, small, and large stite
For hematological analysis, the red blood cell count (RBC)yere excised on sacricing the animals and prepared for
hemoglobin concentration (HGB), hematocrit (HCT), platisle histopathological analysis by embedding in paran wax and
(PLT), white blood cell count (WBC), and lymphocytes (LYM) Staining with hematoxylin and eosin.
were measured in the uncoagulated blood using an automated
hematology analyzer, Sysmex KX-21 (Tranasia Bio-medtls GC-MS Analysis

Ltd., India). GC-MS analysis was performed with Agilent GC 6890 N JEOL
GC Mate Il with lon Trap gas-chromatograph equipped with
Blood Biochemical Analysis HP5 capillary column (30m 0.32mm; coating thickness

Biochemical parameters in serum were analyzed to assess th&5mm) interfaced with Agilent 240 MS lon Trap mass detector.
liver and kidney functioning using the commercially avhi Analytical conditions were as follows: Injector and traersf
kits from Agappe. The liver function tests (LFTs) included theline temperature 20 and 25Q, respectively; oven temperature

TABLE 3 | Effect of the mushroom extracts on liver functioning on day4 and 28.

AST (IU/L) ALT (IU/L) ALK (IU/L) TBIL (mg/dL)
CONTROL D28 56.58 5.38 7150 8.63 11952  6.90 0.30 0.1
D 14 55.66 4.92 7862 7.76 117.39  12.66 0.33 0.04
AB 500 D28 6332 6.03 63.69 3.91 130.28 5.66 0.26 0.02
D 14 6230 1.81 60.78  4.30 121.83 7.33 0.29 0.1
AB 250 D28 60.95 4.32 59.98 7.86 12086 1.62 0.31 0.04
D 14 5555 2.04 5497 1.70 120.86 12.31 0.20 0.07
AE 500 D28 7448 511 9267 5.11 155.45  17.02 0.36  0.05
D 14 67.50 5.03 85.80 2.13 145.96  16.51 0.33 0.01
AE 250 D28 76.4 6.52 89.95 4.55 14324 2.28 0.38  0.05
D 14 67.49 3.91 6553 1.06 127.36 3.50 0.26 0.01
AL 500 D28 118.11 2.85* 162.07 4.27* 266.28  6.58* 0.86 0.07*
D 14 105.31  6.85* 122.00 8.90* 201.60 7.96* 0.70  0.04*
AL 250 D28 100.62 5.63* 130.96 2.13* 195.80 3.36* 0.72 0.01*
D 14 9468 6.94* 114.94 9.61* 183.19 8.75* 0.58 0.02*
CM 500 D28 78.64 4.89 82.00 10.26 161.60 7.96 0.38 0.05
D 14 68.86 10.37 79.86 13.94 148.71 19.83 0.36 0.04
CM 250 D28 7142 587 74.06  10.90 14423 18.16 0.33 0.06
D 14 65.58 11.07 7329 6.89 148.99 21.29 0.28 0.02
CT 500 D28 109.68 3.43* 146.45 3.84* 254.66  3.34* 0.76  0.03*
D 14 97.80 1.79* 12152 2.13* 176,59 5.72* 0.46 0.03*
CT 250 D28 61.95 7.12 7861 7.42 140.99 1853 0.35 0.06
D 14 60.49 3.91 62.68 6.76 139.74 11.72 0.27 0.04
EC 500 D28 11311 4.85* 165.24  8.06* 252.73  7.51* 0.83 0.03*
D 14 100.62 5.63* 130.96 2.13* 1958 3.36* 0.72  0.01*
EC 250 D28 79.80 1.79 8552 5.56 176,59 5.72 0.40 0.03*
D 14 7125 6.12 69.53 1.06 137.81 7.96 0.26 0.04
PS 500 D28 7917 5.32 7827 4.93 150.53  6.62 0.38  0.04
D 14 68.66 4.62 89.52 6.04 153.74  20.48 0.39 0.7
PS 250 D28 76.72 10.88 8420 1.77 122.98 7.54 0.48 0.14
D 14 68.70 3.91 65.00 10.48 116.94 10.70 0.25 0.04

Values are expressed in mean SD (nD 6/group). *Signi cant difference with respect to control at p< 0.05.

Frontiers in Pharmacology | www.frontiersin.org 8 February 2018 | Volume 9 | Article 90


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Sai Latha et al. Toxicity Assessment of Wild Mushrooms

programmed from 50 to 25@ at 10C/min; helium as the the species level using the standard taxonomic keys. Thegrield
carrier gas at 1 mL/min; ionization voltage of 70 eV; ion smur extraction was about 3.5% of the fresh weight of the mush®om
temperature of 25CC; interface temperature of 250; mass and the extracts thus obtained were used for the toxicity istid
range of 50—600 mass units. The identi cation of the compdsen in vitro andin vivo.
was performed for both the columns by comparison of their . .
linear retention indices and by computer matching againsin Vitro Toxicity
commercial mass spectra libraries NIST and MS literature.data Cell Viability

On 24 h exposure to the mushroom extracts, there were distinct
Statistical Analysis changes in the morphological structure of the cefigy(ire 2A).
The results were represented as the megBDand the statistical The cytotoxic e ects on the intestinal cells were severe i cas
signi cance was analyzed using one-way analysis of variana$ the mushroom CM, followed by AE and EC. However, the
(ANOVA) followed by Tukey's HSDpost-hodest. All statements other mushrooms AL, CT, and PS exhibited a moderate to mild
of dierences were based on signicance pt< 0.05. The toxicity. The edible AB caused only slight structural chesg
statistical analyses and graphical representations wetiedaut  in comparison to the control. The toxicity was also re ected

using Graph Pad Prism software version 5. in the 1C50 values of the extracts with CM showing the least
(0.56 mg/mL) and AB the highest (1.65 mg/mL) as shown in
RESULTS Figure 2B. The cell viability showed a signi cantp(< 0.05)

reduction in case of all the mushroom extracts with respect to
The mushroom specimens studied as a part of this workhe control as well as the edible mushroom AB.
(Figure 1), were sampled during the monsoon months from In case of hepatocytes also, a similar dose dependent
Trivandrum and Wayanad districts of Kerala and identi ed upt decrease in cell survival was observed on exposure to di erent

7B 250 mglkg bwt!

FIGURE 7 | Effect of the mushroom extracts on the liver histology (Magrcation 100x).
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concentrations of the extractsFigure 3A) as was seen in exposure to the extractBigure 5shows that the extracts elicited
the intestinal cellsKigure 2C). Their relative cytotoxicity was a signi cant (p < 0.05) elevation of about 45-75% in the NO
represented as correspondingsfalues Figure 3B).The results levels compared to the control, with the highest exhibitedihy
indicated the potential hepatotoxicity of these mushrooms. The cells exposed to the extracts also showed a signi cant
Among the mushrooms studied, AL was found to be the mos{p < 0.05) increase in ROS generation which was observed
toxic to the hepatocytes indicated by its signi cantly lowstC qualitatively Figure 6A) as well as quanti ed using the DCF-DA

value (0.21 mg/mL). dye. The quanti cation of ROS generated which is proportional
to the uorescence intensity was found maximum on exposure
LDH Leakage to AL (about two and half times in comparison to control)

On assessing the membrane integrity of the hepatocytesimster as indicated inFigure 6B The e ect of oxidative stress on
of LDH leakage, it was observed that there was a signi cantell viability was evident as the three mushrooms AL, CT, and
(p < 0.05) increase, about 30-70% higher than the control ieC which showed signi cantly higher levels of ROS resulted
case of the mushroom extracts except for ABg(re 4). Also, in greater extent of cell death in comparison to the other
it was noted that there was a relationship between the egtitha mushrooms.

extracellular LDH on exposure to the mushroom extracts and

their respective Igp values. The highest increase was observehlllitochondrial Membrane Potential ( 19 ) Analysis

in case of AL which showed the leastsfand this suggests its As presented in theFigures 6C, the mushrooms except
greater potential in disrupting the plasma membrane integrity PS showed a signicant decrease in the mitochondrial

comparison to the other mushrooms. membrane potential. About 16-30% decrease in comparison
to the control cells was observed on exposure to the
Oxidative Stress extracts, with AL showing the maximum reduction. This

To verify the role of oxidative stress in the cell death olesedr was indicative of the mitochondrial stress caused by the
the ROS production and nitrite levels were measured on 24 bxtracts. However, there was no signi cant reduction in

FIGURE 8 | Effect of the mushroom extracts on the kidney histology (Magj cation 100x).
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the membrane potential in case of AB in comparison toonly with respect to the total WBC count and the LYM count

control. at the end of the study period, except for AB. This increase
also followed a dose dependent pattern in case of all the

In Vivo Toxicity mushroom extracts. The highest WBC count was noted for the

Mortality and General Observations mushroom EC, which ranged between 6.59 and 9.980¢/mL).

The oral administration of the mushroom extracts at both The mushroom AL at 500 mg/kg bwt caused an elevation of the
doses showed no mortality during the study period. However-YM to about 9.80 ( 10%/mL) which was noted as the highest
signs of behavioral abnormalities were noticed in the anéma among the mushrooms. The other parameters such as PLTs,
which were administered the PS extract. These animals show&BCs, HGB, and HCT also showed variations but were not
a marked decrease in their mobility in comparison to thesigni cantly di erent from the control values. But within té
control animals and displayed a crouching position for a fewgroups such as AL500 platelet counts were signi cantly di éren
minutes after administration of the extract. The animalscal between 14 and 28 days values. Also within the control groups
exhibited a transient gnawing and grooming behavior. Hogrev for 14 and 28 days, there was no signi cant di erencepat 0.05
the administration of the extracts except for AB and PSevel except for LYM values. In brief, all the values were iwith
caused a body weight reduction in the animals (Supplementarjie normal book values.
Image 2).

Effect on Blood Biochemical Parameters
Effect on Hematological Parameters Considering the KFTs and the LFTs, the administration of the
There were variations in the hematological parameters ateser mushroom extracts AL, EC, and CT caused signi cant changes
on exposure to the mushroom extracts as presented in thie the parameters analyzed on both the 14th day as well as at the
Table 1 However, a signi cantig < 0.05) increase was observedend of the study. The CRE, BUN, and TPR levels were found to

FIGURE 9 | Effect of the mushroom extracts on the small intestine histogy (Magni cation 100x).
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be signi cantly higher than the control at both the doses bét of hepatocytic features respectively. Distorted glomerulat an
extracts AL, EC, and CTTéble 2. Similar results were observed tubular morphology was a pathological observation of the kidne
for ALT, AST, ALP, and TBIL in case of these mushrooms andissue, common to the mushrooms EC and CT at 500 mg/kg bwt.
the increase was noted to be dose dependent as shovable 3  However, the administration of AL at the higher dose caused
However, with regard to the mushrooms CM, AE, PS, and ABa chronic venous congestion and mild congestive features we
these values showed no signi cant increase in comparison tobserved at the lower dose as well. Although, no liver andeydn
control. pathology was noticed in case of the other mushrooms, AE and
CM extracts at the higher dose caused injury and sloughing of
the mucosal layer of the small intestin€igure 9). PS and AB
extracts caused no pathological changes in the liver, kidoey
the small intestine. The mushroom extracts caused no saamit

tissues on sacri cing the animals at the end of the study merio ,y,q10gical changes in the large intestine and the braintgDa
revealed evident pathology on exposure to the mushroom ot shown)

AL, EC, and CT. In case of AL, a dose dependent damage

was noted in the pathological signs exhibited in the livethwi

the lower dose causing only mild feathery degeneration avhilGC-MS Analysis

there was additional damage of biliary stasis and the distor Figure 10 presents the gas chromatograms of hydro-ethanolic
of the tissue was to a greater extent at the higher dose. Thextracts of the mushrooms under the study. The compounds
exposure to 500 mg/kg bwt of the EC and CT extracts resultedresent in these extracts were identi ed based on comparison
in distortion of hepatic lobular architecture and degenéat of their retention times and molecular weight with referenc

Histopathological Analysis
The examination of the liverKigure 7) and kidney Figure 8)

FIGURE 10 | Gas chromatograms of the mushroom extracts.
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compounds available in NIST library of GC-MS. Peak assignmergnd oxidative status were also measured in the hepatocytes
was also con rmed by mass spectrometry. Further, moleculagxposed to the extracts. Among the mushrooms studied, AL was
structure, and molecular formula were obtained based on théund to be the most toxic to the hepatocytes. Similar resoflts
MS fragmentation pattern (Supplementary Tables 3-8). Thén vitro hepatotoxicity have been demonstrated on exposure to
compounds identi ed in the extracts can be divided broadlytoxic Amanitaspecies such &s abruptg A.virosaandA.volvata

into the following chemical classes: (1) Esters of fattydsci (Kawaji et al., 1990 Also, AL which showed relatively the least
(2) Alcohols (3) Ketones (4) Terpenes (5) Nitrogen contagnin 1Csg among the mushrooms caused the maximum damage to
compounds (6) Steroids (7) Phenols and avonoids. Theséhe membrane which was re ected in the high levels of leaked
compounds constitute the volatile pro le of the selected wildLDH (Figures 3B 4). This observation is in consonance with the

mushroom species. principle that leakage in cytosolic LDH increases with inseea
in the number of dead celld €grand et al., 1992Furthermore,
DISCUSSION th_e study clearly demonstrated a signi cant increase in the
_ ) o trigger of ROS and NO generation in the presence of the
In Vitro Intestinal Toxicity extracts in comparison to the control. It has also been shown

For the preliminaryin vitro study, the NCM460 colon epithelial that an accumulation of these reactive species generallsesau
cell line was selected to represent the intestinal barrighese lipid peroxidation leading to an increase in the permeability
cells are the earliest to come in contact with mushrooms ormf mitochondrial membrane and a consequent collapse in the
their consumption. The toxic potential of the mushrooms wasmitochondrial membrane potentialdtt et al., 200). Our study
assessed considering both the e ects on cell morphology antias shown to be consistent with this understanding as theltes
their ICsg values. Morphological changes and abnormalities suchoint out that the mushrooms causing the highest generation
as cell shrinkage, vacuolation, and distortion in cell shapee of oxidative stress resulted in relatively lower mitochaoat
evidentin the cells exposed to the extracts as shoviigare 2A, membrane potentialsHigures 6B,D.

indicating a marked possibility of toxicity associated witte The hepatotoxicity observed due to CT and EC is a new
consumption of these mushrooms. Our nding of the intestinal nding and adds to their scanty literature. Although the
toxicity associated with CM stands in agreement to the ieotd  hepatotoxicity due to these mushrooms was signi cant, it was
of poisonings documented on consuming this mushroom whictrelatively milder in comparison to other mushrooms. Comparing
were generally accompanied by severe gastrointestinal symspt these results to their e ects on the NCM460 colon epitheliaksell
(Young, 1989; Natarajan and Kaviyarasan, 1991; Benjamiit,can possibly be inferred that these two mushrooms a ect the
1999. The observation that AE also showed a signi cantly lowintestine to a greater extent than the liver. In the presentlgt PS
IC5p value (0.73 mg/mL) and caused adverse structural changes observed to be least toxic to both the intestinal cellefisw

in intestinal cells is in line with the reports that members ofthe hepatocytes. This result is strongly evidenced in teeditre

its taxonomic section such as. xanthodermusare associated wherein members of th@silocybegenus are mostly associated
with gastrointestinal disturbancesSifotaw et al., 20)6The  with complications of the hallucinogenic natur@dden et al.,
case of poisoning in Poland on consumption &htoloma 198) and thus could have probably been associated with
sericeun{Kapala et al., 200&uggests that thEntolomaspecies minimum cytotoxic e ects on the intestine and liver.

might be responsible for the gastrointestinal syndrome.sThi

possibility was also observed in our study wherein EC showeldl Vivo Toxicity

signi cant signs of intestinal toxicity Figure 2A). In case of In order to examine thén vivo systemic toxicity and identify the
AL also, it was observed that there were distinct changes iorgan(s) targeted by mushroom extracts, study was carrigd o
the morphology of intestinal cells in comparison to the cortro using the mice model and female ones were preferred as they are
cells. This may be of toxicological signi cance as genethlly generally slightly more sensitive to toxic e ectsnick et al.,

rst phase of Amanita poisonings are characterized by acutel999. As the most signi cant human exposure to mushrooms
episodes of gastrointestinal disturbances exhibited asupeof occurs through ingestion, the oral route was chosen for the
vomiting and diarrhea I{litchel, 198().The extracts of CT and in vivo study which aimed to assess the potential e ect of
PS showed minimal adverse e ects on the intestinal cellslewhiconsuming these mushrooms. Since the yield on extraction wa
the edible AB caused no signi cant changes and in e eciabout 3.5% of the fresh weight of the mushrooms, the dosage
was almost similar to that of the control cells, indicating i of 500 mg mushroom extract/kg body weight (bwt) for the mice

nontoxicity. when extrapolated to humans is approximately equivalent to one
_ o serving of mushroom per meal (70 g; Conversion factor of 1/12;
In Vitro Hepatotoxicity Reagan-Shaw et al., 2008 preliminary study was conducted

Liver being both the target for as well as an organ of defensgherein single doses of the extracts were administered at 500
against the exogenous compoundsjritro toxicity evaluation mg/kg bwt to di erent groups of female micen(D 3) in order
using the liver cell line was considered in the study. Cebliig ~ to verify the acute toxicity. However, no mortality or adser
was monitored to assess the overall e ect on the cells. A®avid changes were observed at the end of the study period of 14
from the Figure 3 the mushroom extracts exhibited potential days (Data not shown). In the cases of mushroom poisoning
hepatotoxicityin vitro. Biologically relevant endpoints besidesthat have been recorded, the victims have shown di erential
cell viability such as membrane integrity, mitochondritdess, responses with respect to the time for the onset of symptoms
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as well as the dose required to cause the e ect. In many casesa dew Amanita species such a&. regalis(Elonen et al., 19799
repeated exposure to the mushrooms through consecutive meaigich support our ndings with respect to AL.

had resulted in the manifestation of the symptoniégminen The sloughing of the luminal mucosa with mild in ammation

et al.,, 200RTherefore, the OECD guideline TG 40DECD, of the intestine in case of the mushrooms CM and AE was
2009 for 28 day sub-acute toxicity was followed at dosages df consonance with ouin vitro toxicity results. This nding

the mushroom extracts which had relevance to the daily iatakmay also prove a useful evidence in explaining the case of
of mushrooms by humans. There were no marked behavioralevere intestinal abnormalities reported on consumption of CM
changes observed except for the group of animals exposed Kerala @ijeesh et al., 20).7In the poisonings reported in

to PS. These behavioral responses have also been exhibitesmans on account o€. molybditeCM) and other species

by those administered wit. cubensi¢Kirsten and Bernardi, of the sectionXanthodermatei(to which AE belongs), early
2010, suggesting that these symptoms may be characteristsymptoms such as vomiting and nausea were recorded within
of hallucinogenic species of thesilocybegenus. Taking into few hours of their consumption. However, such immediate
account the hematological parameters, the increased le¥els e ects cannot be observed in mice due to their inability to
LYM and WBC may serve as putative markers of an in ammatoryexhibit emesis. But their intestinal toxicity was evidentthe
response and also helps in predicting toxicity or pathologicapathological observations. Therefore, this study suggists
status. In addition to the hematological parameters, theicdl  these mushroom species are best avoided. There were no marked
biochemistry data also plays an important role in determiningpathological changes noted in the organs of the animals exposed
the toxicity induced by various drugs and chemical substanc to PS and this again reinstates tinevitro results which indicate
The biochemical parameters such as ALP, ALT, AST, and totdk relatively low toxicity. The toxic potential of these rhusoms
bilirubin are indicators of hepatic functions; while totalgiein, indicated by the ndings of this study, though predictive in
creatinine, and urea levels are good measures of the renahture warrants caution about their edibility and also swsiga
functions Kong et al., 2016 ALT and AST present in the more detailed investigation in ascertaining their toxic pesties.
cytoplasm of hepatocytes show a marked elevation in their

activities in the bloodstream on account of any liver injury

and are sensitive markers of liver tissue damagengaiah, CONCLUSION

2007). ALP which is also particularly concentrated in the liver . . .
. - L . Through this study, we may speculate the toxic properties of
shows an increase on account of distortion in the hepati . - .
. ; hese wild mushrooms and hazard an opinion as to their probable
architecture. The results of this study showed that AL 250 . L
A : : € ect on consumption by man. For the clinical treatment of
AL 500, CT 500, EC 500 caused signi cant increase in the =~ . L o . . -
. .~ a victim of mushroom poisoning, it is essential to identifyeth
levels of the parameters that re ect the kidney and liver . . . .
- . . ushroom species. But in most cases, the information of the
functioning assessed on day 14. Also as mentioned previous - - . .
e . ausative mushroom is unavailable due to reasons of hawag b
the administration of the extracts except for PS caused & . .
. S . consumed or disposed at the time of treatment, and hence the
body weight reduction in the animals on the day 14. These

observations indicate that there are obvious adverse eeats b o <> &© estimated by their clinical symptoms. Therefoee, th

. biochemical information from the blood and serum gathered
short term consumption of these mushrooms at relevant huma? . - . .
dosages. rom this study may also serve diagnostic purposes in cases

N . ..of accidental poisonings by these mushrooms. The mushroom
As mushroom poisonings are generally associated wit .
. . . . species under the study although have been harvested locally
gastrointestinal, renal, hepatic, or neurological e ectse (

o - . . . heir occurrence has also been reported in other parts of the
Oliveira, 200), the small and large intestines, kidney, liver, an . .

. X . . .~ “world (Supplementary Table 9). Therefore, this study which
brain were examined for any pathological signs. Intere$ying

the inferences of the clinical biochemistry data besidesngga has attempted to explore the edibility of the representative

toxicological relevance substantiate the pathologicalingd mushrooms from the wild warrants caution about consuming

T ) : Fhese species elsewhere in the world too. Moreover, global
indicating that liver and kidneys were the target organs Otesearchers working on mycetism will also be be tted with the
the mushrooms AL, EC, and CT. The signi cant increase in 9 Y

o . . . current study. Hence, the present work could have broader
the serum bilirubin which serves as a prognostic factor in

conditions leading to hepatocellular necrosiécOonald et al., implications for globa}l mycetism. Also, |dept|fy|ng the toxi
. I . compound(s) responsible for and the mechanism of the observed
1993, was particularly of great signi cance for AL which showed

marked biliary stasisRigure 7). This nding also stands in toxicity of these wild mushrooms deserves further exploratio

good agreement with the well-established fact that livgurin and a detailed evaluation.

has been associated with many casedAwfanita poisonings

(Bartoloni St Omer et al., 19%5The pathological e ects of these AUTHOR CONTRIBUTIONS

mushrooms were also observed in the kidneys, characterizin
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