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Status Analysis of Adulterated Herbal Medicine

Soojin Lee*

Department of Physiology, College of Korean Medicine, Sangji University

Adulterated herbal medicine is intentionally added with undeclared improper or inferior ingredients which should
not be in herbal medicine. The contamination with potentially hazardous substances such as heavy metal, pesticides,
fungus, and microorganism sometimes can be regarded as one of adulteration in a broad sense. The problem of
adulteration is that adulterated herbal medicine shows poor quality and/or can cause adverse events. Therefore, it is
important to control adulteration issues for quality assurance and qualitative improvement of herbal medicines. This
study aims to summarize and make a reference how to control adulterated herbal medicine. In this process, this
study is to investigate studies about adulterated herbal medicine via searching Korean and foreign electronic
databases such as PubMed, NDSL and OASIS. Finally eighteen papers were included to this study and analyzed
according to the type of study, the category and efficacy of adulterants, the type of analysis methodologies and
possible adverse events of adulterants. Phosphodiesterase type 5 (PDE-5) inhibitors for male sexual enhancement and
anorexic, laxative, diuretic agents for weight loss and treating obesity has been used frequently as adulterants. The
range of adverse event caused by adulterated herbal medicine were very wide from mild symptoms such as diarrhea,
constipation, dizziness and blurred vision to very severe symptoms such as heart failure, hypoglycemia and renal
impairment. This study showed the recent trend on the research of adulterated herbal medicine and this will be the
ground to develop more detailed systems to control adulterated herbal medicine.
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Searching

o Records identified through
Records identified through Korean database searching
Foreign database searching (n=57)

(n=136)

- 0ASIS (n=17)

- Pubmed (n=136) . NDSL(n:40)

Records after duplicates removed (n=192)

y

Records excluded

Records screened (n=190) =172
n-

-not related to adulteration
(n=157)

-not related to herbal medicine
(n=1)

-not written in English (n=14)

A

Studies included (n=18)

Fig. 1. Flowchart of Trial Selection Process.
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Fig. 2. Status Analysis of Research on Adulterated Herbal Medicine.
A. Changes of number of research per year, B. Trend of number of
research according to the region.
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Table 1. Key data from the recent research about adulterated herbal medicine

First author (year,
country)

Type of herbal
medicine

Source of herbal

Type of invesgation identified adulterants

medicine

Results

85 Indian herbal

One of 85 herbal

Savaliya (2010, formulations of . HPLC, LC-PDA, . ' : :
India)'® aphrodisiac drugs for local chemist shops LC-MS/TOF sildenafil formulasti||?jgiacfﬁntamed
men )
. GC-MS, LC-MS, T ) I
Uchiyama 1(12)011, A herbal product online high-resolution MS and cannabllplpenc_jlethanone, 1 (.a new F|_rstlly |d_ent|f|ed
Japan) NMR cannabimimetic phenylacetylindole)  cannabimimetic compound.

Ching (2012, Hong

Kong)? not specified

antidiabetic agents (glibenclamide,
phenformin, metformin, rosiglitazone,
gliclazide, glimepiride, nateglinide,
HPLC, GC-MS,LC-MS, Repaglinide)
and patients' medical
records

postmarketing

surveillance ST
non-antidiabetic drugs

(hydrochlorothiazide, aminophenazone,
cimetidine, diclofenac, domperidone,

piroxicam, prednisolon acetate, tadalafil)

Adulteration of herbal
antidiabetic products is a
significant problem.

Effective regulatory
measures needed

16 herbal medicine
Ren (2012, China)'® tablets or capsules for
male sexual potency

not mentioned UFLC-ESI-MS/MS

homosildenafil, sildenafil, and tadalafil

N-desmethylsildenafil, dimethylsildenafil,

Nine of 16 herbal samples
were found to contain illegal
adulteratnts.

Moreira (2013,

Brazil) ) 26 herbal formulations

capillary zone

not mentioned -
electrophoresis

hydrochlorothiazide

Three of the 26 analysed
herbal formulations were
found to be adulterated.

Campbell (2013,

USA)™ herbal supplements

91 samples from 58 convenience stores
and filling stations

LC-MS tadalafil, sildenafil

seventy four among 91
samples contained PDE-5
inhibitor or PDE-5 inhibitor
analogs.

Domenech-Carbo

amfepramone, fenproporex, sibutramine,

clonazepam, flurazepam, alprazolam,
midazolam, medazepam,

Most samples contain

chlordiazepoxide, diazepam, bupropione, adulterant according to VMP

(2013, Spain)'® 15 herbal formulations pharmacies VMP methodology fluoxetine, sertraline, paroxetine, metnodology, a fast and
! hydrochlorothiazide, furosemide, sensitive method to screen
chlortalidone, amiloride, spironolactone, adultrant drugs.
glimepiride, chlorpropamide,
glibenclamide
Sibutramine, phenolphthalein, Five among 8 samol
1) 8 herbal supplements  pharmaceutical bumetanide, phenytoin ong ples
Khazan (2014, Iran) for weight loss market GC-MS, LC-MS caffeine,pseudoephedrine,theobromine contain adulterated

and amfepramone

components

91 herbal products in
powder, pill, capsule,
liquid and tablet
forms

Lee (2015, Korea)'”

HPLC-Q-TOF/M, NMR

spectroscopy homotadalafil

not mentioned

Ten of 91 herbal products
contain homotadalafil.

Fourty three contained

ibutramine sibutramine, 9
Hachem (2016, 106 food supplements . TH NMR spectroscopy, > . !
18) ; internet : : phenolphthalein, phenophthalein, 23 a
France) for weight loss LC-MS, GC-MS lorcaserin, fluoxetine, sildenafil mixture of these API, 12
sildenafil,
212 herbal medicines
. . Three samples among 212
Park (2016, Korea)'"? ejfg?gilv;airra;rgattgﬁgt cor?ar:wkegtcslal UHP LC-MS corticosteroids (dexamethasone) were identified as
dulterants.
aches a
Al Lawati (2017, 33 herbal medicine sildenafil, tadalafil, vardenafil Seven among 33 contained
Oman)® and food samples local markets HPLC-MS-MS hydrochloride adulterants.
Three adulterants:
5 herbal supplements . ’ . . !
Pascali (2018, Italy)’”  (tea and soft-gel oglme slhopplng Q"&Oﬁﬂéclél’\éls’ sibutramine, caffeine, theophylline hS|bu;ralTn|ne, caffemef_andd
capsules) and regular stores -MS/1 theophylline were confirme
and quantitate
Some samples were shown
A . . to be adulterated with
Shekari (2018, Iran)?® 9 h”elrsb?claSI'erEs'?g unauthorized stores GC-MS phenolphthaalilg, S?gﬁft?s:ir:eone’ caffeine undeclared ingredients,
p p including stimulants,
anorexiant and laxatives
61 herbal drugs for Undeclared active
Dastjerdi (2018, W?;%Tgtslofaé%m%?’ herb shops, retail GC-MS tramadol, caffeine, fluoxetine, rizatriptan, pharmafjeetigggeldlni%red|ents
Iran)® capsulés, teas, jells  Stores of internet venlafaxine and methadone herbal slimming
and resins) agent.
herbal products for
. treatment of erectile ’
’\\A/:gt‘néig)lg dysfunction (1 pharmacies TLC-SERS, LC-MS/MS sildenafil (PDE-5 inhibitor) Two ar:gglgt;e?a:tc;htamed

granule, 7 capsules
and 1 herbal extract)
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4 prescription
Ahmed (2019, medications, 5 OTC
Egypt)® products for weight
loss

not mentioned HPLC

Samples were adulterated
with unreported active
pharmaceutical ingredients.

sibutramine, sildenafil, phenolphthalein,
and orlistat

pharmacies, health
food stores,

traditional herbal

retailers and online

Cringhton (2019

Austrailia)®® 135 CAM products

LC-QTOF

63% of samples were safe
and Samples from online
were not safe and
qualititative.

caffeine, synephrine, ephedrine,
paracetamol, chlorpheniramine,
buclizine, mycophenolic acid

L ZZ mass spectrometry ¥HHo] A}
1 "ol high

(HPLC), liquid
(LC-MS), gas
spectrometry (GC-MS), liquid chromatography with tandem
mass spectrometry (LC-MS/MS) So2 tiofstgion 1 Qo
% nuclear magnetic resonance (NMR) spectroscopy,
electrophoresis 59] ¥ryo] &&& Ut ESH A|T & TAF 2}
o4 Btxte] oj2s]2g B 9% 9lgitkTable 2)

performance liquid
chromatography chromatography-mass

spectrometry chromatography—mass

Table 2. The targeted efficacy of adulterants

Targeted effect in
herbal medicine
treatment for

erectile dysfunction

Efficacy Adulterants

sildenafil, tadalafil

PDE-
inhibitor®10-12142024 (homotadalafil)

|laxative®'3%?) phenolphthalein
hydrochlorothiazide,
diuretic’>™ furosemide, chlortalidone,
amiloride, spironolactone
amfepramone, fenproporex,
anorexic®'5182223) sibutramine, lorcaserin,

rizatriptan, synephrine
bupropione, fluoxetine,
sertraline, paroxetine
glibenclamide, phenformin,
metformin, rosiglitazone,
gliclazide, glimepiride,
nateglinide, repaglinide,
chlorpropamide

. weight loss/obesi
antidepressant'® g /obesity

anti-diabetic agent'®

stimulant'62>2329 caffeine, ephedrine,
analgesic® paracetamol ain reliever
corticosteroid' dexamethasone P
clonazepam, flurazepam,
benzozodlazeg)lnlc alprazolam, midazolam, .
sedation

medazepam, chlordiazepoxide,
diazepam
chlorpheniramine, buclizine
mycophenolic acid
cannabipiperidiethanone

anxiolytic'™

anti-histamine®
immuno-suppressan
psychoactive drug'”

o) immune response

hallucination

2ol o OEE gus opl
a3E FAAIY] UF JRSoIAE PY W5 33 AR

8715 =
phosphodiesterase type 5(PDE-5) 2AA|A|, &A|&ZFo] =-&0]
= ASHA, olkAl, AlZAXA, FEUAA, = XaA, F&
SOl AHE Frofo|q o] &

AE|2o|EA]|, FS|AETIA, HAAAR] 5 Y3t o] LA
AHTable 1, 2).

FOLER EER T

Az gtoro] Barg 2 sQid 2o o4& #Ago 22 U
Elut=r sildenafil, sibutramine, ephedrine?] H2r82 =z Al
A Aoz Yeh} locaserine 7}, tramadol2 7Hd &
o 340l Uehdch. g¥ix fofoz gt wagoz F4o 7t
o 7o g Wu), oRAE, WA, g Az

o
H AT, 5 . 2, 138Y 50l
AL, FAo] Mg A2 oidd AIIRA, 54 Sol Ao
(Table 3)

Table 3. The possible adverse events of adulterants

Efficacy Adulterants Possible adverse events

cardiac arrest, acute
myocardial infarction,
severe hypertension

sibutramine: cardiovascular

PDE-5 inhibitor® sildenafil, tadalafil

amfepramone
feonr)oporexl events and stroke
’ .
. - . ) ) lorcaserin: euphoric
anorexic 82123 sibutramine, lorcaserin, haIIucinogeniE and
rizatriptan, S)Qn?phnne, dissociative effects
tramado ;
tramadol: seizure
ephedrine: cardiovascular
stimulant® caffeine, ephedrine, and cerebrovascular
complication
anti-histamine® chlorphepilramine, chlqrphgniramine:
buclizine impairment

* mild adverse events®: diarrhea, constipation, diuretic effect, heart burn,
dizziness, tachycardia, dry throat, depression, hyper‘[ensmn blurred vision, suicidal
thoughts skin rash. * severe adverse events”: Heart failure, lactic acidosis,
hypoglycemia, renal impairment, hepatotoxicity
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