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Abstract

Purpose: To evaluate raw and finished dosage form of herbal antihypertensives for quantification of
undeclared allopathic contents and synthetic steroids adulteration in each unit and in total daily dose.
Methods: Analysis of herbal products for allopathic drugs adulteration was carried out using HPLC
techniques. The methods were reproduced with optimized extraction and chromatographic conditions.
Calibration curves were reconstructed for validation purposes.

Results: The herbal products were adulterated with various synthetic drugs. The concentrations (mean
+ SD) were: atenolol (50.06 + 1.20 mg/unit dose), propranolol (20.30 + 0.44 mg/unit dose, 28.26 + 0.06
mg/unit dose, 15.40 + 1.58 mg/unit dose), ACE inhibitors i.e. captopril (52.99 + 0.49 mg/unit dose) and
frusemide (42.02 + 0.88 mg/unit dose). For the synthetic steroids, the levels (mean + SD) were
prednisolone (13.67 + 0.50 mg/unit dose), methyl prednisolone (4.18 + 0.02 mg/unit dose),
betamethasone (0.56 + 0.06 mg/unit dose) and dexamethasone (1.75 + 0.11 mg/unit dose).
Conclusion: Administration of adulterated remedies can cause severe toxicity and is a serious safety
concems for public health. Therefore, to maximize consumer safety, appropriate rules and regulations
should be developed for registration of herbal remedies.
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INTRODUCTION

Hypertension is a major cause and risk factor for
stroke, coronary heart diseases, disability and
deaths [1,2]. The incidence of hypertension has
increased globally with lower control rate [3].
Herbal medicines are considered safe, therefore
gained much appreciation and are widely
consumed for the treatment of hypertension [4].

A large population around the globe depends on
herbal medicines to address their healthcare
needs [5-7]. It is a general belief that products
labeled "herbal" are always safe and non-toxic, in
contrast to conventional drugs [8]. This concept
has considerably increased the use of herbal
medicines over the last decade, hence
encouraging herbalists to treat a wide range of
chronic diseases like hypertension [7,9].
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In several Asian countries, particularly Pakistan,
herbal medicines are commonly used and the
idea about its potential toxicity is not well
established [10,11]. During handling and
manufacturing processes, additional particulate
matters become the part of herbal medicines,
since no conscious efforts are made to prevent
herbal products from contamination [12].
Amplified reports on the side effects due to
adulteration of herbal medicine throughout the
world have raised concerns about their safety [9].
Therefore herbal medicines (raw materials and
finished dosage forms) must be registered,
marketed and their safety, efficacy and
preclinical trial data have to be submitted to the
national authority in order to ensure its safe
therapeutic use [13]. This study aims the
qualitative and  quantitative analysis  of
undeclared allopathic and synthetic steroids in
antihypertensive herbal products.

EXPERIMENTAL
Chemicals and reagents

Propranolol (= 99.9 % purity), atenolol (= 99.36
% purity), captopril (= 99.67 % purity), frusemide
(2 99.44 % purity), sodium bicarbonate
(NaHCO3), purity 99.95 % (Fluka), diethyl ether,
purity > 99.5 % (Fischer Scientific, USA), ethanol
(absolute) (Sigma-Aldrich, Germany), tween-80,
sodium chloride, potassium chloride, disodium
hydrogen phosphate potassium di-hydrogen
phosphate, dichloromethane, mannitol and
distilled water. HPLC grade methanol (purity =
99.9 %) and acetonitrile (purity 299.9 %),
(Sigma-Aldrich, Germany). Ultra-pure
(Deionized) water was prepared with millipore
ultra-pure  water system (Milford, USA).

Prednisolone (= 99.9 % purity), methyl
prednisolone (= 99.9 %), betamethasone (= 99.9
%), dexamethasone (= 99.9 %), methanol (= 99.9
% purity), acetonitrile (= 99.9 % purity), acetate
buffer (pH 3.0).

Instrumentation and chromatographic condi-
tions

The liquid chromatography (LC-10AT VP) system
with an isocratic pump (SPD 10AV-VP)
connected to UV/Visible detector (Schimadzo)
and C18 (150mm x 5pym) HPLC column was
used for current analysis. The chromatographic
conditions for the identified drugs are
summarized in Table 1.

Extraction of allopathic drugs from herbal
products

An aliquot of the sample of herbal
antihypertensive products was transferred to 125
ml separating funnel followed by 40 ml of
petroleum ether and thoroughly mixed. The
resultant solution was extracted with five 20 ml
portions of alcohol petroleum ether. The extract
was then evaporated to dryness in water bath
and the residue was dissolved in absolute
alcohol. The solution was then used for the
identification of allopathic drugs while analyzing
through HPLC [16].

Extraction of synthetic steroids from herbal
products

Hot continuous extraction (Soxhlet) method of
extraction was employed for the extraction of
steroids from herbal antihypertensive products.

Table 1: Chromatographic conditions for the identified drugs

Drug Mobile phase composition A-max Flowrate Ref

Atenolol 10 mM KH2PO4 (pH 6.0), methanol (70:30, v/v) 225nm 1mLmin  [14]

Propranolol Acetonitrile/0.05 M ammonium phosphate monobasic 290 nm 1mLmin"' [15]
(15:85)
PH 3.0 with H3PO4

Captopril Acetonitrile, deionized water and acetic acid (44:55:0.2, 258 nm 1mLmin"' [15]
vIVIv).

Frusemide Water (pH 3.0 with 20% ortho-phosphoric acid) and 230nm 1mLmin"' [15]
organic (58:42 v/v composed of acetonitrile and
methanol) in 50:50 v/v.

Prednisolone Water (pH 3.0 with acetate buffer) and organic (60:40 254nm 1mLmin"' [15]
v/v composed of acetonitrile and methanol) in 50:50 v/v.

Methyl Water (pH 3.0 with acetate buffer) and organic (60:40 254nm 1mLmin"' [15]

prednisolone v/v composed of acetonitrile and methanol) in 50:50 v/v.

Betamethasone ~ Water (pH 3.0 with acetate buffer) and organic (60:40 254nm 1mLmin"' [15]
v/v composed of acetonitrile and methanol) in 50:50 v/v.

Dexamethasone Water (pH 3.0 with acetate buffer) and organic (60:40 254nm 1mLmin"' [15]

v/v composed of acetonitrile and methanol) in 50:50 v/v.
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Specified number of tablets of each herbal
product was grounded finely and an aliquot of the
powder equivalent to about 50 mg was placed in
micro Soxhlet extractor. The powder was
extracted with ether for 4 h and the extract was
than discarded. The thimble was removed and
the residual petroleum was allowed to evaporate.
The thimble was then returned to the Soxhlet
extractor and was extracted with Chloroform for
next 04 hrs using dry extraction flask. The extract
was evaporated to dryness. The traces of solvent
were removed at room temperature with the aid
of current Air. The residue was then weighed and
used for further HPLC analysis [16].

Statistical analysis

The data are presented as mean * standard
deviation and were calculated using GraphPad
Prism 5 (GraphPad Software Inc. San Diego CA,
USA).

RESULTS

Various allopathic drug contents of (-blockers
(atenolol and propranolol), ACE inhibitors
(captopril), diuretic agent, (frusemide) and
steroids were detected and calculated for total
daily dose as recommended by the prescriber
(Table 2 and Table 3). The standard calibration
curves of identified allopathic adulterants are
provided in Figure 1.
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Figure 1: Standard calibration curves for identified
allopathic and steroids adulterants
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Figure 2, Figure 3 and Table 1 and Table 2
indicate the herbal antihypertensive products
(both raw materials and finished dosage form)
were adulterated with allopathic drug contents
and synthetic steroids and a lot of variation was
found in daily dose which may be due to greater
variation in pharmaceutical quality control
parameters and this often lead to toxicity or sub-
therapeutic effects [17]. Adulterated allopathic
contents of atenolol were found in finished
dosage form (tablets) of herbal antihypertensive
products. Propranolol were found in different
three (03) herbal products one of which is in raw
material (20.30 + 0.44 mg/unit dose) and the
finished product of the same product of same
batch was found to have no traces of
propranolol. Similarly the other two products
contain propranolol in finished dosage (28.26 +
0.06 mg/unit dose, 15.40 + 1.58 mg/unit dose)
and the raw material after test had no allopathic
contents of propranolol. Captopril (52.99 + 0.49
mg/unit dose) and frusemide (42.02 + 0.88
mg/unit dose) were also found in finished
products in different quantities.
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Figure 2: Overlays of standard and identified
allopathic adulterants in herbal products

Synthetic steroidal contents were as follows:
prednisolone (4.18 * 0.50 mg/unit dose),
methylprednisolone (13.67 + 0.02 mg/unit dose),
betamethasone (1.75 + 0.11 mg/unit dose) and
dexamethasone (0.56 + 0.06 mg/unit dose).
Prednisolone was detected in both the raw
materials and finished drug products, while the
adulterants were found only in the finished
products.

All adulterated compounds were then quantified
for daily intake according to the manufacturer
dose. From table 2, it can be seen that the daily
intake of atenolol was found (150.18 * 0.32
mg/day), propranolol in three different products
administered according to manufacturer dose
was found (60.90 £+ 0.11, 84.78 + 0.56 and 46.20
+ 3.26 mg/day). The strength of captopril (105.98
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t+ 0.4 mg/day) and frusemide (126.06 + 1.02
mg/day) were as stipulated by their
manufacturers. For the synthetic steroids, the

manufacturers’ recommended dose were
prednisolone (1254 + 0.63 mg/day),
methylprednisolone (41.01 %+ 0.9 mg/day),

betamethasone (5.25 * 0.18 mg/day) and
dexamethasone (1.68 * 0.10mg/day) (Table 2
and Figure 3).
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Figure 3: Overlays of standard and
allopathic adulterants in herbal products

34 4 5 6 71 8 9

identified

DISCUSSION

Most herbal products have not been scientifically
evaluated;  thus, information  on  their
pharmacokinetics, pharmacodynamics, efficacy
and safety are Ilimited. Intentional and
unintentional adulteration with synthetic drugs
are frequently found in herbal products. The
results indicate that allopathic antihypertensive
and steroidal adulterants, including B-blockers,
ACE inhibitors, diuretics and steroids, are
present in the tested herbal medicines.

Untested and unregulated steroid containing
herbal drugs are sold to the public. Due to lack of
expertise, education and professionalism, the
herbalists and quacks adulterate their remedies
with steroids, to counter the hypertension [18,19].
In 2007, FDA issued nine safety alert warnings to
stop using thirteen different brands adulterated
with synthetic drugs. FDA issued mandatory
guidelines  for manufacturers to avoid
contaminating products with other herbs,
pesticides, heavy metals, and allopathic drugs.

Table 2: Quantified adulterated synthetic drugs in raw and finished dosage form in average per unit dose of

herbal products

Adulterated drug ATL PRL CPL FRM PRD MPRD BMS DMS
FRM (F) - - - 42.02+0.88 - - - -
ATL(F) 50.06+1.20 - - - - - - -
PRL(R) - 20.30+0.44 - - - - - -
PRL(F) - 28.26+0.06 - - - - - -
PRL(F) - 15.40+1.58 - - - - - -
CPL(F) - - 52.99+0.49 - - - - -
PRD(R/F) - - - - 4.18+0.50 - - -
MPRD(F) - - - - - 13.67+0.02 - -
BMS(F) - - - - - - 1.7540.11 -
DMS(F) - - - - - - - 0.56+0.06
Data are presented as mean * standard deviation (n = 6). Note: ATL = atenolol, PRL = propranolol, CPL =
captopril, FRM = frusemide, PRD =prednisolone, MPRD = methyl prednisolone, BMS = betamethasone, DMS =
dexamethasone, R = raw material, F = finished dosage form
Table 3: Adulterated synthetic drugs in raw and finished dosage forms of herbal products (manufacturers’
information, dose/day)
Adulterated drug ATL PRL CPL FRM PRD MPRD BMS DMS
FRM (F) - - - 126.06+1.02 - - - -
ATL(F) 150.1840.32 - - - - - - -
PRL(R) - 60.90+0.11 - - - - - -
PRL(F) - 84.78+0.56 - - - - - -
PRL(F) - 46.20+3.26 - - - - -
CPL(F) - - 105.98+0.4 - - - - -
PRD(R/F) - - - - 12.54+0.6 - - -
MPRD(F) - - - - - 41.01+£0.9 - -
BMS(F) - - - - - - 5.25+0.18 -
DMS(F) - - - - - 1.68+0.10

Data are presented as mean * standard deviation (n = 6). Note: ATL = atenolol, PRL = propranolol, CPL =
captopril, FRM = frusemide, PRD = prednisolone, MPRD = methyl prednisolone, BMS = betamethasone, DMS =
dexamethasone, R = raw material, F = finished dosage form
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The results suggest that the concentrations of
synthetic drugs could cause lethal interaction and
toxicity. B-Blockers, ACE inhibitors and diuretics
are the drugs to be prescribed under the strict
supervision of physicians because of the
incidence of clinical manifestations and toxicity
[20]. Adulterants in herbal products may
influence toxic effects to various degrees
especially in central nervous system (CNS) [21-
23].

Patients receiving ACE inhibitors may experience
variety of adverse reactions like; angioedema
involving the extremities, face, lips, tongue,
larynx, anaphylactic reactions, neutropenia,
myeloid hypoplasia, agranulocytosis and renal
failure [24]. Nonetheless, products have been
reported to be contaminated with adulterants,
thus exposing consumers to risk. Unethical
marketing techniques have led to false
advertisements about the safety and efficacy of
the herbal medicine and are advocated for
treatment on the basis of unproven, word-of-
mouth traditions and beliefs. In a clinical study,
among patients who were attending a
cardiovascular clinic for the treatment of atrial
fibrillation, CHF and ischemic heart disease,
about 60 % indulged in concomitant use of
alternative therapies. More than half (58 %) took
supplements that had potential interactions with
allopathic drugs [25]. There is a clear need to
formulate regulatory policies for product
registration of herbal products as well as
enlightenment of the public and physicians on
the issue of contaminants in herbal remedies, via
health  education, early detection and
management of possible herbal toxicity [25].

CONCLUSION

The findings of this study indicate that allopathic
drugs and synthetic steroids are often
intentionally incorporated in herbal medicines by
the herbalists or quacks in order to enhance their
pharmacological and therapeutic effects.
Administration of such adulterated remedies may
cause severe toxicity and is, thus, of a serious
safety concern for public health. Therefore, to
maximize consumer safety, appropriate rules and
regulations should be developed for stricter
regulation of herbal remedies.
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