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ABSTRACT

Global increased demand for herbal medicine in regeears has resulted in the raise of concerns dgequality
and safety. Tighter regulations and surveillancenany Asian countries have also been imposed ierdodprotect
public’s health interest. The aim of the presentlkwwas to screen for possible adulterants includirgvy metals,
prescription drugs, poisons and steroids contamamatn unregistered herbal products claimed to gsssdesired
medicinal values. These products were obtainedevitorcement raids from several bazaars in Malayesal
analyzed by means of analytical techniques: GCHNE,C-PDA and AAS. The levels of Hg(Q.30 mg/kg), Pb
3.41 mg/kg) and As<(0.50 mg/kg) found were below the permissible diriie., 0.5, 10 and 5 mg/kg, respectively),
and none of the known dangerous drugs, poisondevoids was detected. However, all samples weraddo
contain an undeclared synthetic PDE-5 inhibitotdsnafil or tadalafil, in medium to extremely higlses while
two samples also contained paracetamol. As suahptlblic is cautioned and should not purchase uisteged
herbal products because unsupervised consumpti@myfynthetic PDE-5 inhibitor in extremely highsde may
have serious health implications.
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INTRODUCTION

Herbal preparations have long been used for theeptin and treatment of diseases since the begjrofi human
civilization. To date, they remain as the primaguise of healthcare for approximately 80% of therldie
population [1] and the demand for these produditscieeasing in developed countries [2]. Among te&sons for the
popular demand for herbs include user’'s disappantntowards orthodox medicine in providing effeetiand
holistic treatment on certain ailments, perceivifdotiveness of complementary and alternative medjcsoothing
properties of herbs, cultural and personal beli@ésyell as user’'s regard on the inherent safetyedbal medicine
[3-5]. While many users are claiming the benefi@flect of herbal medicines, reports on deleterieffects
associated with the consumption of herbal prodasalso appearing from time to time. A large prapo of these
adverse effects were attributed to the poor qualitythe finished products, contamination with heawmgtals,
pesticides, microorganism and mycotoxins, adulienatvith drugs, as well as misidentification of beror
substitution of herbs with those of superior qydk, 7].

In Malaysia, owing to the strong influence fromamfluence of traditional medicinal systems, the oeaw herbs
and/or herbal preparations is often a part and gbant daily life. Herbal medicines in the form ofethry
supplements, although do not require to underguraigs tests to provide proof on their efficacyesafand quality,
these products are required to be registered wetDrug Control Authority (DCA) of Malaysia wherdudteration
of drugs and contamination with heavy metals androorganisms are being monitored [8]. However, many
unregistered herbal products claimed to possesd gmalicinal values, either tacitly or explicitlyreastill loosely
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available in the market streets. These product®idiner manufactured locally or imported from ndighing Asian
countries. As recent reports have implicated tbates Chinese and Indian preparations contained algrquantity
of toxic heavy metals and undeclared drug substaffje the aim of the present study is to screenpfatential
health hazards in unregistered herbal productsraatafrom the market streets in Malaysia. The asedyinclude
the detection of poisons, drugs, corticosteroidd sex hormones, as well as quantification of syith@DE-5
inhibitors and heavy metals.

MATERIALS AND METHODS

2.1. Samples

51 samples consisting tablets, capsules and hedwatiers of different packaging, color and compositivere
seized by the law enforcement authorities from sdvieazaars in the northern part of Peninsular Wdaand
submitted to the Department of Chemistry MalayBienang. The main intention of the present studytwdscus

on the analysis of the herbal powder samples, ofctwhhere were five. These products were apparently
manufactured in Indonesia and packed in plastihetacwith total weights ranging from 7 to 10 g. ifhe
compositions were dubiously declared to consigindy natural ingredients such as ginseng and rxtoaets, while
their trade name seemed to imply that the produetg provide ‘extra power’.

2.2.Chemicals

Sildenafil citrate, tadalafil and vardenafil hydhderide standards were obtained from the Natioaraceutical
Bureau of Malaysia while diazepam was obtained ftbemmResearch and Quality Assurance Division, Dtepemt

of Chemistry, Malaysia. The corticosteroids and desrmones standards: prednisolone, hydrocortisone,
betamethasone, dexamethasone, triamcinolone, e#dirnadiol, beclomethasone, fluocinolone and levgestrel
were also obtained from the National PharmaceuBocakau of Malaysia. The acetonitrile and metharsgld were

of HPLC grade purchased from Fisher Scientific Metck, respectively. Analytical grade ethanol wasghased
from Merck while triethylammonium phosphate buf§etution 1M was purchased from Fluka.

2.3. Screening for common poisons/drugs by GC-MS

50 mg sample was taken from a homogenous mixtusewedral sachets of each herbal product. The sawsne
then extracted with 1 mL methanol with the assistaof ultrasound and then centrifuged at 2000 r.fiom10 min.
The resulting supernatant was transferred into ml2 glass vial for analysis by means of hyphenated g
chromatography and mass spectrometry system (GC-M& GC-MS system consisted of an Agilent 6890 Gas
Chromatograph and Agilent 5973 Mass Selective Detdégilent Technologies, Germany). The capillapfumn
was HP-5 MS, 30 mx 0.25 mm with 0.25um film thickness. The injector and auxiliary temgteires were set at 260
°C and 280 °C, respectively. The flow rate of tkeditm gas was 1.5 mL/min. Initial oven temperatwas 80 °C
and this was gradually increased at a rate of@in until a maximum temperature of 320 °C, whién@as held
constant for 5 min. A scan acquisition mode fromt®&®50 a.m.u. was applied in this analysis. Spettatch was
then performed using the NISTO5 search libraryaeen for known poisons and prescription drugs wimtght
have been added deliberately to these products.

2.4. Screening for corticosteroids/sex hormones by HPLEDA

100 mg sample was taken from a homogenous mixtuseveral sachets of each herbal product. The samas
extracted with 50% methanol in aqueous with theddidltrasonication and warmed on a water bathbdC4for 20
min. Following that, the sample extract was alloviedcool to room temperature and an aliquot of 1 efilthe
extract was filtered through a 0.45 pm syringeefilinto a 2 mL glass vial. A Waters 2695 Separatitwdule
coupled to a 2996 Photodiode Array Detector (PDA} wsed for the analysis (Waters Corp., USA). Aekdr XB-
C18 HPLC column, 5& 4.60 mm, 2.6 pum (Phenomenax, USA) was used astahienary phase. The temperature
of the column was maintained at 40 °C and the sanmptction volume was 1fl. The mobile phase consisted of
acetonitrile (A) and ultrapure water (B) flowing a2 mL/min in a step gradient mode. The compasitbA was
25% at 0 min, linearly increased to 30% at 5 mitipfved by further increment to 50% at 12 min whigngas held
constant until 19 min, and subsequently returne2bi at 21 min. Identification of the steroids dmmmones was
done by comparing the retention time and UV speatitie analytes in the range of 210 - 400 nm ajarmixed
reference standard solution containing 25 pg/miprefdnisolone, hydrocortisone, dexamethasone, tirotme,
fluocinolone, cortisone, ethinyl estradiol, levogestrel, betamethasone and beclomethasone.

2.5. Quantification of PDE-5 inhibitors by HPLC-PDA

50.00 mg of each product sample was weighed interdrifuge tube. The sample was then extracted WithL

ethanol containing diazepam as the internal stahdathe concentration of 250 pg/mL. The extracfioocedure
was carried out with the aid of ultrasonication fd¥ min at room temperature (ca. 25). Following that, the
extract was centrifuged at 2000 r.p.m. for 10 ndid0 pL aliquot of the supernatant was then transfieinto a 10
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mL volumetric flask and the solution was made uphe volume with 10% ethanol. The sample soluticas w
filtered using a 0.45 pm syringe filter prior tgdaoting into the HPLC system. Quantification oflsihafil, tadalafil
and vardenafil was performed based on the caldwaturves of these reference standards in the ntnatien range
of 10 -140 pg/mL.

The HPLC instrumentation consisted of a Waters 268parations Module which was coupled to a Wat8g62
Photodiode Array Detector (Waters Corp., USA). @matographic separation was achieved on a KinetexCXB
column, 50x 4.60 mm, 2.6 um (Phenomenex, USA) maintained atC4Onvhere the mobile phase consisted of
acetonitrile (A) and 0.01M TEAP (B) flowing at 18L/min in a step gradient mode. The initial moljllkease
composition of A was 30% for 5 min, followed byiadar increment to 75% from 5-10 min and then retg to
30% from 10-12 min where it was then held isocrftica period of 2 min. The sample injection volumas 15uL.
Detection was done in the range of 200-400 nm a¥icsignals were extracted at 230 nm. Method valadatiad
been carried out and found that the present matlasdsuitable for reliable quantification of sildéhdadalafil and
vardenafil in the range of 10 — 14@/ml (data presented elsewhere).

2.6. Quantification of heavy metals by AAS

Quantification of mercury, lead and arsenic in therbal products was performed using Atomic Absorpti
Spectroscopy (AAS), in accordance to the procegugided by the American Public Health Associat{gi®HA)
which was validated in house. In brief, 0.5 g ofteaf the five herbal product samples was weigmetividually
into a beaker followed by addition of 10 mL ultrapuvater. An acid digestion method was then peréarray
adding 5 mL of concentrated HN®.5 mL of HSO, and 1.0 mL of HCI to the samples and left for ¥dan a
water bath set at 80 °C. Following that, the sasplere filtered using a Whatman 4 qualitative fig@per into 50
mL volumetric flasks and made up to volume witlrapure water prior to analysis using a PinAAcle P®ame
atomic absorption spectrometer (Perkin Elmer, US¥gbleless Lumina hollow cathode lamps of merclegg and
arsenic were used as the light source, while aediem lamp was used for background correction. Tlame
conditions were optimised using oxidant flow of@Q/min and acetylene flow of 2.5 L/min.

RESULTS

3.1.Poison and drugs screening

The herbal products were analyzed for the presehpeescription drugs such as anti-convulsants;deyressants,
anti-histamines, analgesics, non-steroidal antainfatory drugs, and anaesthetics. Out of theHfardal products,
two were found to be adulterated with paracetaalepresentative GC-MS data of a herbal productparhat
contained paracetamol is shown in Fig. 1. Othesqription drugs screened were not detected.

3.2. Corticosteroids screening

A simple and reliable HPLC-PDA method for simultans detection of 10 commonly available corticostesdad
been used for this analysis. The herbal producte wereened against a reference standard injettarconsisted
of a mixture of prednisolone, hydrocortisone, degdrmsone, triamcinolone, fluocinolone, cortisonghingl
estradiol, levonorgestrel, betamethasone and betlasone. As shown in Fig. 2, none of the herlbrab$ss were
found to contain the corticosteroids.

3.3. Quantification of PDE-5 inhibitors

The detection and quantification of sildenafil aadalafil in the herbal products was performed ovabdated
HPLC-PDA system. Sildenafil was found in four whi@adafil was found in one of the herbal produdike
concentration of the detected drugs range from 5.20.56 mg/g, and when converted to the amountipse based
on the serving size suggested, the amount of deuinpake ranged from 37.78 — 275.60 mg (Table 1).

3.4. Quantification of heavy metals

Quantification of lead, arsenic and mercury perfednon the AAS system revealed that all five hegraducts
contained low levels of these elements. The amollgad present was found to be in the range o#2pm, while
the amount of arsenic and mercury wa3.5 ppm (Table 2).
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Figure 1: GC-MS data of a herbal product sample thacontained paracetamol: (A) total ionic chromatogam; (B) mass spectra of the
sample (top) against spectra of paracetamol from NAT library (bottom).

1000

281
www.scholarsresearchlibrary.com



Mas Rosemal Hakim Mas Hariset al Der Pharma Chemica, 2013, 5 (2):278-285

040
(A)
035] 8
030]
0257 9
Y 10
015]
010]

A LJLJ

0007

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
Minutes

(B)

0.08 -

0.06
AU

0.04 -

0.02

0.00 - - /L e

T T T 1 T T 1 T T T T T T T

— —
2.00 4. 00 6. 00 8.00 10.00 1200 14.00 16.00 18. 00 20. 00 22.00

Minutes

Fig. 2: HPLC chromatograms: (A) mix standards compised of (1) prednisolone, (2) hydrocortisone, (3)eamethasone, (4)
triamcinolone, (5) fluocinolone, (6) cortisone, (7gthinyl estradiol, (8) levonorgestrel, (9) betamé&asone and (10) beclomethasone at 25
ug/ml; (B) a herbal product sample.

282
www.scholarsresearchlibrary.com



Mas Rosemal Hakim Mas Hariset al Der Pharma Chemica, 2013, 5 (2):278-285

Table 1: Synthetic PDE-5 inhibitors detected and gantified in the herbal product samples

Sample Sample appearance Serving size, Analyte Analyte concentration, Quantity per dose,
No. g detected* mg/g mg
TR e
1 7.0 S 5.40 37.78
2 7.0 S 6.95 48.65
3 7.0 T 12.21 85.49
4 7.0 S 17.86 125.02
5 10.0 S 27.56 275.60

* S = sildenafil; T = tadalafil

Table 2: Heavy metals content in the herbal producsamples

Concentration of heavy metals (mg/kg)
Sample no. Hg Pb As
1 0.30 2.77 0.48
2 0.10 341 0.50
3 0.16 2.16 0.40
4 0.18 2.57 0.40
5 0.12 2.70 0.46
DISCUSSION

Herbal products used in traditional medicine geheraontained low concentrations of complex cherhica
constituents which are difficult to identify, chaterize and standardize and therefore they cammaicbessed in a
manner similar to orthodox medicine [2]. As sudme safety and quality of these herbal productsregelated
according to the risk-based approach. Among thditguasues associated with external factors that eften
accessed by the regulatories include contaminatitim heavy metals, pesticides, microorganisms, roda and
other non-herbal based foreign matters. Anothereisommonly encountered is adulteration with orthodrugs
[10]. Such action is done deliberately in ordemptoduce therapeutic effect or to potentiate theat$f of herbal
medicine so as to attract customers [11]. Accordiagthe report from the Ministry of Health Malaysia
approximately 37% of patients diagnose with remabfem in the country were attributed to long teromsumption
of herbal products, of which many contained stexpidrugs, poisons and heavy metals [12]. The clsante
unregistered herbal products to be adulterated stétoids itself were found to be as high as 95%. [This is an
alarming rate and thus calls for more stringenteillance on unregistered herbal products.
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The present work was carried out to evaluate fiveegistered herbal products in the form of powdsaimed from
an enforcement raid. These products were screaredoksible drug adulterants such as anti-convtdsamti-
depressants, anti-histamines, analgesics, nonigdér@nti-inflammatory drugs, anaesthetics andlitee Based on
our findings, no dangerous drug or poison was foulwo of the herbal products were found to contain
paracetamol, which is a widely used over-the-caumatealgesic. All five herbal products were detecteith
synthetic PDE-5 inhibitors — four with sildenafihéd one with tadalafil, but no nitrates were presghich may
otherwise interact with these drugs, leading toifigant hypotension [14]. We proceeded to quarttiy amount of
these synthetic PDE-5 inhibitors and found thairtheantity vary from medium to high concentratidiiable 1).
Based on the recommended dose regimen for sildend&0 mg per day [15] and tadalafil at 20 mg take an on-
demand basis or 3 times/week basis [16], sample8,ndand 5 are considered as having extremely thigses of
synthetic PDE-5 inhibitors. According to the guidek listed by the Drug Control Authority of Maldégsan anti-
impotence drug can only be prescribed by a medioator registered with the Malaysian Medical Coladier
clinical evaluation to confirm the diagnosis of @ike dysfunction and the appropriateness of dhayapy [17].
Unsupervised consumption of PDE-5 inhibitors magule in adverse reactions such as headache, flyishin
dyspepsia, dizziness and vision disturbances {iB]e studies have shown that long term exposu/&doses of
sildenafil leads to significant alteration of theomphology and histology of testes, which may evaliyuead to
complete arrest of spermatogenesis in animals [19].

The permissible limits of mercury, lead and arsémiberbal preparations as stated in the Poisond 882 are 0.5,
10 and 5 mg/kg, respectively. The present res@t® lshown that all five herbal products containedvy metals
below the regulated limit. Since the contaminatibany given herbal product with heavy metals tefassociated
with poor environmental control and pollution dgriproduction, unless it is deliberately added f{fig results of
this study suggest that there is some form of guedintrol throughout the process of manufacturing.

CONCLUSION

In conclusion, the five unregistered herbal progubat seemed to be originated from Indonesia docantain
dangerous drugs, poison or exceeding levels of yheastals. However, two of the herbal products coeth
paracetamol, while all contained medium to extrgntegh levels of synthetic PDE-5 inhibitors. Based the
analytical results, coupled with the implication tife product names, it is clear from this studyt thee
manufacturers and/or the agent of these produets blandestine intention to deceive and satisfyamers who
are seeking for better sexual performance. Howdtliese vendors have little understanding on tleeafi®ptimal
drug dosage to achieve cost- effective resultss thost of these products were overdosed — puttiadhealth of
consumers at stake. The public should be cautioneithe danger of purchasing aphrodisiac supplenfents the
market streets and that medical advice should bghtgrior to consuming any unregistered herbadlpcts.
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