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Comparison of Silymarin, Penicillin, N-acetylcysteinein
Patient with Amatoxin Poisoning: A Systematic Review

Min Woo Choi, M.D., Dong Ryul Ko, M.D., Taeyoung Kong, M.D.,
Min Hong Choa, M.D., Je Sung You, M.D., Sung Phil Chung, M.D.

Department of Emergency Medicine, Yonsel University College of Medicine, Seoul, Korea

Purpose: This study was conducted to evaluate the clinical efficacy of pharmacologic treatment of amatoxin poison-

ing patients.

Methods: Literature was accessed through PubMed, EMBASE, Cochrane library, KoreaMed, KISS and KMBASE.
Studies relevant to human use of pharmacologic therapy including silymarin, penicillin and N-acetylcysteine (NAC)

for amanita poisoning were included. Case reports, letters, editorials and papers with insufficient information were

excluded. Comparison of clinical outcomes (especially mortality and liver transplantation rate) in each study was

analyzed.

Results: The final analysis included 13 retrospective studies. None of these studies showed direct comparisons of

individual agents. Among 12 studies comparing silymarin vs penicillin, eight showed clinical superiority of silymarin.

Among eight studies comparing silymarin with NAC, six showed clinical superiority of silymarin. Among seven stud-

ies of NAC vs penicillin, five showed clinical superiority of NAC.

Conclusion: This systematic review suggested that clinical superiority of various pharmacological agents used to

treat amatoxin poisoning is debatable. Nevertheless, the available evidence suggests it is reasonable to consider

combinations of multiple agents for patients with amanita poisoning. Further studies are required to establish a
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treatment regimen for amanita poisoning.
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38 Al (Amanita virosa) S-0] o},

Amatoxin $59] X5 BEH X559 FEQH, F
AW a7k o] A7HA] thekek A s o] AR AL 9l
t}. o]F kB el A9 silymarin, penicillin, N-
acetylcysteine (NAC) 5-0] thE 2 o]n o] ¢]oj = thofah
Az AL G5 e EFQHOT AR HI Q).
Silymaring 3 T 97 A (milk thistle)e] FEE=Z 1)
amatoxin®] 7ZHA|EZ5 A% A, 2) Ut FEoM 4
9} AAA 0T AL 3) Eho GFA vjdy Ayes
AA, 4) E3E A LA 2] TNF-a EH] JA, 5) &4
B A o] A A A 71HE B dEA 2R E
Holtta &4dA Y}, Penicilling Amatoxin F=9|
71 ol AMg-Hol X 8A F stuUE o FEAY
OATP1B39] AAZ o7 Agsle] 7F W= 2] amatoxin
o] o] F& e 7|1dE T3 FE4 AHE BRIl B
A}’ NACE ROS scavengerg} glutathione ATA =2
Zrgsto] i AHRE vepdtka B o,

AAE-2 Amanita species HA 5 A5 U)o =
B2 37HA] FE 8o A5 B8-S dolrr] st

of AAH FHLZ-S A B3t
g 3
1. 28 dM A My
2 A7 7€ 28 S AAA 112 A7 = Preferred

Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) Z15-o] A|AI3t AAH g B
A F ol whet e =ik, Z8 9] AA7]FE-L amatoxin
% B4 o A5 BG ool TFE A=
St 2@ Aol AHgE HlolE Mol PubMed,

Embase, Cochrane library, KoreaMed, Korean Studies

Table 1. Search strategy of databases

Information Service System (KISS), Korean Medical
Database (KMbase) 50|10 ™ ©|o|g sl o] Xof ARE-3t
A AL Table 19 #7]3FG}.
AL T o] AFatel ofs) Al E o, AlQ7]E
obE Fod ¥ x2S vluLgh 39 2) FA9}
73, 3) Bate] 9t ol AAME A=
7 e Tl BHaL, 4) 33 25, 5) Jojut ko] o] 9
o] Ao EHH BH(AFE 250 Je B X 5
-2 EndNote (X8,
Thomson Reuters)el] A2lst] FEH FT& AASA
o} B F1lof o] 88 FARTAES AES ] whxl £3

o] glow F7Fet 9l
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Aeld Fdo d& 9= Scottish Intercollegiate
Guideline Network (SIGN)2] A ZZ2EE o] &35}
HA7kst k. SIGNS] 2 HrleTE= AT 3o wel 2
F FES MAS AL, level 12 WERHEA, 729 iz 4
Ao AAA T, T2 dx Ad¥Po] sfFsta
level 2= 34} 23 A7y LT E AT, T °]F °]
&3 AAA FHargo] s|FstH, level 3= S| H L 7
o u] _Erﬂ AT, level 4= AR} oA So| s},
Zﬂ_oﬂ T & e AAsHA FREHAS
+ YR, R

i

a3 g T3 g kst gk E 2Adst el
= AESsLe] 7} 2FA| (silymarin,
penicillin, NAC) 7} ¢FAI7ke] X5 &35 APd 9 7ho]

Database Hits Search strategy

PubMed 118 (“poisoning” [Mesh] OR “intoxication” [Mesh]) AND (amanita [Mesh] OR “mushroom poisoning”
[Mesh]) AND ((“silibinin” [mesh] OR “silibinin” [all fields]) OR (silymarin OR legalon OR milk thistle)
OR penicillins [Mesh] OR acetylcysteine [Mesh])

Embase 500 (“silibinin’/exp OR silibinin OR ‘sylimarin’/exp OR sylimarin OR penicillin OR acetylcysteine) AND
(‘amanita’ /exp OR amanita OR ‘ mushroom’ /exp OR mushroom) AND ([english]/lim OR [korean]/lim)

Cochrane library 3 amanita OR amanita phalloides OR Amatoxin

KoreaMed 25 (amanita[ALL] or amatoxin [ALL] or mushroom [ALL] ) and (poisoning [ALL] or intoxication [ALL])

KMbase 68 Amanita

KISS 27 Amanita

* KISS: Korean studies information service system, KMbase: Korean medical database
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EHAMS E35 PubMed 1187, Embase 5007,
Cochrane library 371, KoreaMed 2571, KISS 277,

Records identified through database

searching
(n=741)

PubMed: 118

EMBASE: 500

Cochrane library: 3

KoreaMed: 25
KISS: 27

KMBase: 68

AN DE

KMbase 687, 7] ZAM o 7 7} 3710] AM LA} =
B AT ARH 252 AEstel & AT B3}
ddo] gle E3& At 647HS &4 5} rh(Fig.
1). ol &9 gl W8-S =3 301, F@HaL 974,
A5 AR7F BFEe A7 339, A4 63, AR 24, 4
£ 9 g0l ol2)e] ol ALH 419, e AnEe
oOE 28-‘?4_, %% g4 A8 184, in-vitro study 11H-&
o=

= shoirh. £ 48 59

Additional records identified

through other sources
(n=3)

(n=647)

Records after duplicates removed

A 4

(n=647)

Title and abstracts screened

Records excluded due to no

relevance
(n=348)

A 4

Y

eligibility
(n=301)

Full-text articles assessed for

Case report (n=97)
Review (n=48)

Letter (n=6)
Editorial (n=2)
Language (n=41)

A 4

4

Other treatment (n=28)
Insufficient information (n=33)
Animal study (n=18)
In-vitro study (n=11)

No abstract (n=4)

Studies included in qualitative
synthesis
(I’l=1 3)

Fig. 1. Flow diagram according to PRISMA format.
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SIGN®| & 7} =7tof| o) F3F4 Aol thsto] 2
D12 AlFPstgon, J7F Ax} 2++0] 28, 2-7}F 11H 0]
Ath(Table 2, 3, 4). 8¢ 2 H7} gL 29 o] A7z
o o3 P HNH, oA ELA7L e B ARl
AE 925 Fstgov A7ARE o] AL gt

3. X|&2 E11°| H|w

Silymarin, penicillin, NAC7} @42 A48 39+= ¢l
AL, BEA X 59} tlEo] 271A] o]/¢e] 2A|7F E-8-5 o]
ARS-E AT ST o] Tt 7 ekAIREe] A5 a S
A A APEE/Zrol A v)&) o whet vl 24 3} it

1) SilymarinZ} penicillin 7t2| X| 2 &1} H| W

12¥ 9| A silymarin®} penicillin 7+e] X 5835 27
Ao v satglon, ARm 2 ke Al B
A (Table 2). Silymarino] penicillin®t} -3t
AgadE Bty Bk 33 A4 F 8HeR
silymarin X5 £ EJAEZ X5l AHEF B¢
oA AtA o 7 132 ol BHE Hars it

47 0] Z8k2] ATLo]|A] silymarind} penicillin 7+e] ]
27 93171 SLaAGAH), penicilline] o ARH e
2 $9atnGH) Luasit

2) SilymarinZt NAC 78| X| 221} H|w

8A A silymarin®} NACTFe] X2 &5HE A7bHo =
v 7Hsstg e, A5 ad) 7F vhofet A9yt RaE gl
tH(Table 3). 8 Z silymarine] X|g & 37} -5t
Bugh =72 F 6Ho|ATH. UH A 2R =F A=
T kA X2 &L o 2 2}ol7} glrhal ¥ sl gt

3) NACZ} penicillin Z+2| X|2& 2} H| W

7R NACS} penicillin 7] X|2a35 ko
2 v 7Hsstglow, X 5an) 2k vhakg Anyl naE
9Jth(Table 4). o] & NACe] XZa7/} $9d3icty B
A = sEoIT. Y A| 28 9] =& ollX = peni-
cillino] o] $-€3}ttar B s}t gt
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Amatoxing @A7HA 7HE & el A SLaA
thEE cyclopeptides 7| G¢] S A4
HAY7EA] 97FA] 9] amatoxin®] & E 21 a-amanitin
2 ol% B0 Bl b e Bl ol
DNA ¢]& RNA THEA 15 oA FozA| dld 3t
S A7 AAA o2 giaky st MEE(9F
T AE THAE, AAT HE)o £45 43 J. =
& 39 e] OATPIB3 #8418 53 & € F 9%
oA w2 A ARpA| AR, AR = A Gl e okelA A
ot = 5 vk A3 F 48A1Fte] AubH di i
o mar @A At drel 4g B2 £
(enterohepatic circulation)S §3l Hull 4L7MA = &
9e 4 gl olE ol F, WA, AFTE v
M2 o] ZA A QT A centrilobular necrosis)ES 4o
o|F Aw-g F3 uld AA ellA AbTAISE ARl
d AAFE FAALE doA 7 75 B A
FH 02 o]ojAA Hrp?,
Amatoxin T g X5+ gubd EFH digh
RHEZ 79 o2 ¥ 183 molecular adsorbents
recirculating system (MARS)9} 28 A 9] AR A7
A2 B tig 2 A 53] 1Ho] 271A] theket X 54
AZo| o] FojA] gt} FE Qo] B¢ wErEA FA
Al (benzylpenicilin, ceftazidime), cimetidine, vitamin C,
NAC, silymarin 53} g7 ZFZol|= polymyxin B 22
FXFA7A ThgFet FA7E AP A 02 AMR-E AL 9l
Silymarine 3 F4 9747 (milk thistle)d] FE&
65-80% 5 TAst= B2 77l o]4e] flavolignano &
o]Fo]#] Qlt}. Silibining silymarinolA] Az o2 o]
& 7ttt £ 13 22 E F UMK FE YA o] A=A
(diastereoisomer)?l silybin A%} silybin Bo] 1:12 &%+
o] Jr}”. BF o dgH =T oA silymarin/silib-
inin/silybino] &% o] ALg-Eu} 25 3 74 g7 <]
FEE Y AEE4E FYg o2 AFS ST,
5§72 A5 7 A7 = Aol7t lon}, UutkA
o= AW FAR S0 mg/kge 5244t St FostH
Ax ade Z2EFH A L EF 7 24 54
(AST/ALD®] B3} HAARER 714 ol wanse
S 9 FAE o AR thxatol HlEl HwkAQl
MAES Yo oA ook s we e, &
%, ohJmeA2 e A gtk el gles, 1,500
mg/day o]’ F-of A] 7hu]g G 27] yhgo] il W
JERp ok, Rambaldi §'70] 91549 ¢3-& b4
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Table 4. Comparison of clinical outcome based on retrospective studies (NAC vs penicillin)

LOE

Key results

6.7% (NAC) vs 11.6% (Pen)

Qutcomes

Case/control

Patient group

Author, year

2++

Mortality

192 cases (11.8% of 1,632) NAC chemotherapy

Clinical datafrom 2018

Enjalbert'¥

2002

1411 cases (86.5% of 1,632) penicillin chemotherapy
624 cases (29.6% of 2110) silymarin chemotherapy
192 cases (9.1% of 2110) NAC chemotherapy

hospitalized amatoxin poisoning

2++

6.8% (NAC) vs 10.68% (Pen)

Mortality

Total 2110 cases; 2018 cases

Poucheret™®

2010

from Enjalbert et al.(2002) report
and 2 complementary cases from
the original databases

2012

2-

75% (NAC) vs 85.7% (Pen)

Mortality and liver

8 cases (66.7% of 12) NAC in the regimen

12 patients presented with ALF

due to mushroom poisoning
12 patients presented with

Fix®
2011

transplant

7 cases (58.3% of 12) penicillin in the regimen
6 cases (50% of 6) NAC chemotherapy

2|: Amatoxin 85

33.3% (NAC) vs 25% (Pen)

Mortality

Roberts®
2013

4 cases (33.3% of 12) penicillin chemotherapy

a history suggesting Amatoxin

poisoning

4.4% (NAC) vs 18.7% (Pen)

Mortality

24 cases (60% of 40) NAC+Standard regimen
16 cases (405 of 40) Standard regimen

40 patients with Amatoxin
intoxication

Akin®
2013

* Standard regimen: Penicillin+conservative care

Unclear

3}

el

2-

46.7% (NAC) vs 66.7% (Pen)

Mortality and liver

A total of 18 patients were

Karvellas®

2016

KO Silymarin, Penicillin, N—acetylcysteineQ S Hlm: MIH& D&t

transplant

identified as having developed
severe hepatotoxicity from

Amatoxin

2-

34.3% (NAC) vs 22.2% (Pen)

35 cases (63.6% of 55) NAC in the regimen Mortality

55 patients with suspected

Trakulsrichai®

2017

18 cases (32.7% of 55) penicillinin the regimen
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