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Te present study evaluates the human health risk of metals in locally consumed herbal preparations used to treat diabetes. Atomic
absorption spectroscopy (AAS) was used after microwave-assisted digestion to mineralize the samples. Toxic metal assessment
was done by adopting mathematical modeling for carcinogenic and noncarcinogenic risks in the exposed population and
comparing the raw results with maximum residue limits (MRLs) set by regulatory authorities. Hazard quotient (HQ) values for Fe,
Hg, Cu, Pb, and Zn were recorded above 1. Noncarcinogenic health risks remain in 29% of samples for Fe, 67% of samples for Hg,
17% of samples for Cu, 33% of samples for Pb, and 4% of samples for Zn. Hazard index (HI) values in 33% of samples were above 1.
Carcinogenic risks for Pb, Cr, Cd, and Ni were higher than the acceptable limit (1× 10−6). Carcinogenic health risks exist in 54% of
samples for Pb, 58% of samples for Cr, 46% of samples for Cd, and 58% of samples for Ni. MRLs formetals were crossed in samples
in varying degrees. Tis is a harrowing account and may put public health safety at risk. Considering these facts, there should be
more investigation into toxic metals in other frequently marketed herbal drugs in the antidiabetic and other therapeutic classes.
Pre- and postmarket monitoring strategies for the preparations should also be in place to ensure safe consumption.

1. Introduction

Diabetes is a chronic disease and is prevalent throughout the
world [1]. Phytotherapy is the art of healing ailments by
means of plant-based processes [2]. Remedy for ailments by
means of plant-based therapeutics has been practiced since
ancient times [3]. As an alternative remedy, consumption of
antidiabetic herbal preparations is increasing [4].

However, increased consumption of the formulations
does not safeguard drug safety [5], and doubt remains about
their quality [6]. Te scientifc community presumed that
the remedies may be reaching the consumer without going
through proper inspections like their allopathic counter-
parts. Previous reports documented metal contamination in
diferent herbal preparations [5–16].

Medicinal herbs pick up toxic metals from contaminated
soils [17]. Toxic metal contamination is more likely when the
herbal preparations are prepared in substandard industrial

conditions and are transported in open-bed trucks, which
exhaust pollutants from the ingredients [18]. Tere is also
the possibility of the intentional addition of toxic metals to
fnished formulations, assuming their medicinal benefts.
Metals have a tendency to accumulate in the food chain, and
some of them could have damaging efects on human health
even at very low concentrations due to their low excretion
rates through the kidneys [19]. With increased intake above
certain permissible limits, metals become toxic [10, 20].
Diseases such as cardiac dysfunction [21], gastrointestinal
cancer [22], and impaired psychosocial and neurological
behaviors [23, 24] set in due to chronic exposure to toxic
metals at high concentrations.

Very few studies have been conducted on toxic metals in
locally formulated herbal preparations, and most of the
studies were under the current investigator [25, 26]. Te city
of Rajshahi forms an urban cluster with two nearby satellite
towns, Nowhata and Katakhali. Te city has a population of
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ten million. Rajshahi is the fourth most populous city in
Bangladesh after Dhaka, Chattogram, and Khulna [27]. Te
consumption of antidiabetic herbal preparations for the
management of diferent diseases is common among city
dwellers. Although consumption requires proper inspection
of these remedies from manufacturing to selling by the
authority concerned, doubt remains with the formulations.
As a result of the dubiety, drug safety may fall into pitfall.

1.1. Problem Statement. Research data on health risk in
human health due to metal ingestion through antidiabetic
herbal preparations by the local people are absent.

1.2. Research Gap. Risk evaluation considers the intake and
consumption of the formulation. Te health risk is mainly
linked to the duration and rate of ingestion. At present,
a major data gap in studies of herbal formulations is the
considerable lack of intake (consumption and occurrence)
data. For assessing the risk of pharmaceutical formulations,
input assumptions such as concentration of metals in drugs,
exposure duration, and frequency data are required. To the
best of our knowledge, no investigation has been conducted
on the carcinogenic and noncarcinogenic health risk as-
sessments of the investigated samples.

1.3. Justifcation of the Study. Oral consumption of herbal
drugs using “conservative” and “realistic” theoretical ex-
posure scenarios results in mathematical risk modeling. Te
modeling uses HQ, HI, and ILCR values. Terefore, to
obtain the health risk, the computation of HQ, HI, and ILCR
should be performed [28]. Tis assessment enables to devise
the intervention whether extra action is needed upon
comparing risk results to cutof points [29].

Te fndings as dissemination would help to create
awareness in the scientifc community and help policy
makers take the right steps in ensuring herbal drug safety.
Tis in turn would replenish the demand of United Nations
(UN) Sustainable Development Goal (SDG) Goal No. 3
which vows to ensure “good health and wellbeing.”

2. Methodology

2.1. Study Design. Te study was a cross-sectional obser-
vational study, where samples were collected from diferent
sample collection hotspots (Figure 1). Samples were
blindfolded by coding and preserved. Microwave digestion
was performed for metal dissolution from the sample into
diluents, followed by atomic absorption spectrometry
(AAS). Metal concentration data were modeled and assessed
for carcinogenic and noncarcinogenic health efects.

2.2. StudyArea. Te study area was restricted to the Rajshahi
City Corporation area. Sampling was done at fve sampling
locations. Sampling locations were tagged with numerical
values (Figure 1). All the investigated drugs were fnished in
commercial packs. Te location of the drug-selling outlets
bears the following resemblance:

(1) Herbal drug-selling hotspots.
(2) Te areas were densely populated, and people bought

drugs from the close vicinity of their residing
location.

(3) Tere is mass transferring of people through the
areas selected, making the areas transferring a zone
of people. Tis adds up to more people, and on their
way to the city and upon returning home, they buy
drugs from the herbal shops.

Following the preservation instructions, samples were
conserved. Prior to analysis, samples were labeled by coding.

2.3. Sample Digestion. Samples were digested in a microwave
digester using standard procedures [30, 31]. At frst, approx-
imately 3–5 g of samples was placed into individual porcelain
dishes and positioned in the oven at 70°C until a constant
weight was obtained. Oven-dried samples were pulverized to
a fne powder.Te powdered samples were preserved in plastic
vials with identifcation marks inside the desiccator. About 1 g
of homogeneous powder was taken in a Tefon vessel, and
10mL of concentrated HNO3 acid (Merck, Germany) was
added to in drug samples. 2mL of 30% H2O2 (Sigma-Aldrich)
was also added. Te mixture was taken in a microwave di-
gestion chamber (Milestone-Ethos One, USA), where a tem-
perature of 180°C was applied for 15minutes. As a result, the
organic materials were decomposed from the sample matrix
and metals went into solution. After digestion completion, the
samples were fltered by a Whatman flter paper and quanti-
tatively transferred to a 25mL volumetric fask.

2.4. Sample Analysis. Samples were diluted and fed to an
autosampler of an atomic absorption spectrophotometer
(AA-7000, Shimadzu, Japan) for metal quantifcation,
GFAAS, CVAAS, or FAAS. Cadmium, chromium, copper,
iron, manganese, nickel, lead, and zinc were analyzed by
fame atomic absorption spectrophotometry (FAAS); arsenic
was analyzed by graphite furnace atomic absorption spec-
trophotometry (GFAAS); and mercury was analyzed by cold
vapor atomic absorption spectrophotometry (CVAAS). Te
spectrophotometer was provided with single-element hollow
cathode lamps and a 10-cm air-acetylene burner. Flame gas
was an air-acetylene oxidizing fame. Prior to sample
analysis, stock standard solutions of 1000mg/L (Wako
Chemicals, Japan) of each metal were diluted with working
standards for calibration [30].

According to the requirements of the manufacturer, the
spectral band-pass, wavelengths, and other instrumental
conditions were set. Te instrumental condition is provided
in Table 1.

2.5. Data Validation. Te data were validated by a linearity
study of calibration curves and recoveries (standard recovery
and spike) [32–34]. For the working standards of diferent
metals, absorbance vs. concentration calibration curves were
obtained. Coefcient of determination (R2) values were
calculated for each metal from the curves. Coefcient of
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determination (R2) values were obtained in the range of
0.9992–0.9999 for the metals under investigation. Limits of
quantifcations (LOQs) of themetals were found in the range
of 0.02 ppm (Hg) to 2.50 ppm (Fe). Prepared standards were
rerun under the same calibration of the samples. Te
minimum standard recovery was 93% for manganese, and
the maximum recovery was 111% for mercury. For the
standard of each metal, a known amount of the respective
addition was done to see the spike recovery. Te minimum
spike recovery was 79% for iron, and the maximum recovery
was 129% for cadmium (Table 2).

2.6. Health Risk Assessment. Health risk assessment weighs
duration and rate of intake. Te process of assessing the risk
to human health involves computing the relevant parame-
ters (HQ, HI, and ILCR).

2.7. Noncarcinogenic Health Risk. Prolonged exposure to
an individual metal can cause adverse efects on human
health [35]. Adverse efects on human health were
predicted by conducting risk assessments. Non-
carcinogenic health risk assessment and carcinogenic
health risk assessment are two such models for assessing
the risks. Noncarcinogenic health risk was evaluated by
determining the values of the HQ and HI [29] (Table 3).
Te risk assessment models rely on the computation of
the risk level.

Estimated daily intake (EDI) denotes the daily con-
sumption of toxic metals, which is computed by multiplying
the concentration of metal in the sample with the ingestion
rate and giving the result by body weight.

EDI �
C × IR
BW

, (1)

60 Km

RAJSHAHI
DIVISION

4 Km RAJSHAHI CITY
CORPORATION

300 Km

BANGLADESH

4 Km

1: Nowdapara bazar, 2: Rajshahi Court, 3: NogorBhaban, 4: Shaheb Bazar and 5: Binodpur bazar 

Figure 1: Sampling locations in Rajshahi City Corporation Area in Bangladesh.

Table 1: Instrument operating conditions.

Metal Sample fow rate
(mL/min) Lamp Wavelength (nm) Slit width (nm) Lamp intensity (mA)

As 5 HCL 193.7 1 7
Cd 5 HCL 228.8 0.5 3
Cr 5 HCL 357.9 0.2 7
Cu 5 HCL 324.7 0.5 3
Fe 5 HCL 372 0.2 7
Pb 5 HCL 217 1 5
Mn 5 HCL 279.5 0.2 5
Co 5 HCL 240.7 0.2 7
Ni 5 HCL 232 0.2 7
Zn 5 HCL 232 0.5 5
HCL�Hollow cathode lamp.
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where C (ppm) is the concentration of toxic metals in the
antidiabetic herbal preparations, IR (kg/day) is the ingestion
rate (dosage of drug taken), and BW (kg) is the body weight.

Chronic daily intake (CDI) denotes the prolonged intake
of toxic metals. Under the current investigation, only oral
intake is considered.

CDI �
CDI × EF × ED

AT
, (2)

where CDI (ppm/day) is the chronic daily intake. EF (days/
year) is the exposure frequency, ED (years) is the exposure
duration, and AT (ED× 365) (days) is the averaging
time [36].

Te HQ denotes the ratio of CDI to the RfD of the metal
of interest.

HQ �
CDI
RfD

, (3)

where RfD is the reference dose that enables an individual to
sustain the level of exposure over a long period of time
without experiencing any harmful efects [37]. If HQ< 1,
there is no concern for noncarcinogenic efects, and if
HQ> 1, there is no reason for noncarcinogenic anxiety.
From the literature, RfDs of diferent metals were found as
follows: Mn (0.14 ppm/day), Fe (0.70 ppm/day), Hg
(0.0001 ppm/day), Cu (0.001 ppm/day), Ni (0.02 ppm/day),
Cd (0.001 ppm/day), Pb (0.004 ppm/day), Cr (0.02 ppm/
day), As (0.003 ppm/day), and Zn (0.30 ppm/day) [38].

HI, an additive efect, is predicted for exposure to more
than one toxic metal. With this concept, the hazard index is
computed as the sum of all hazard index values for indi-
vidual metals [36].

HI � 
i

n�1
HQn; i � 1, 2, 3 . . . n, (4)

A HI value greater than 1 indicates the possibility of
adverse efects on human health.

2.8. Carcinogenic Health Risk. Incremental Lifetime Cancer
Risk (ILCR) denotes the incremental probability of a person
developing any type of cancer over exposure duration as
a result of daily exposure to a given daily amount of a car-
cinogenic element for years.

ILCR � CDI × CSF, (5)

where CSF indicates the risk generated by a lifetime average
of one mg/kg/day of carcinogen metal. From the literature,
CSF was found to be as follows: Ni (0.84 ppm/day), Cd
(6.1 ppm/day), Pb (8.5 ppm/day), and Cr (41 ppm/day). For
a single carcinogenic element, the acceptable level for ILCR
is 10−6 [39].

2.9. Statistical Analysis. Research data were tabulated and
compiled in Microsoft Ofce Excel 2010. Data were further
processed, calculated, and stored utilizing the same software.
In the case of samples, the results of three independent
replicates (n� 3) were represented, and the associated un-
certainty was expressed by the data with a positive and
negative standard deviation. Drug safety plot (histogram)
was drawn by using OriginPro statistical software.

2.10. Map Drawing. Maps of Rajshahi City and Bangladesh
were drawn using National GeographicMapMaker software.
Te tool provides images of the city and its suburbs, which
captured a bird’s-eye view. Te image was cropped and
edited in MS Ofce Word 2016 software.

3. Results and Discussion

3.1. Health Risk Assessment

3.1.1. Noncarcinogenic Health Risk. HQ is used to assess the
health risk of noncarcinogenic anxiety in the target pop-
ulation. HQ crossing unity indicates the possibility of
noncarcinogenic health efects on the exposed population.
HQ values ranged from 0 to 0.1630 for Mn, 0 to 4.0476 for
Fe, 0 to 382.6154 for Hg, 0 to 232.1575 for Cu, 0 to 0.3534 for
Ni, 0 to 0.5262 for Cd, 0 to 245.5680 for Pb, 0 to 0.2469 for
Cr, 0 to 0.0965 for As, and 0 to 1.0011 for Zn (Table4).
Noncarcinogenic health risk remains in 7 samples for Fe, 16
samples for Hg, 4 samples for Cu, 8 samples for Pb, and 1
sample for Zn (HQ> 1). Noncarcinogenic health risks were
absent for Mn, Ni, Cd, Cr, and As in any sample under trial
(HQ< 1). In agreement with this, herbal preparations
exceeded unity (HQ> 1) for Cr in African
investigations [40].

Te efect of all metals concurrently is studied by HI
values. Te highest and lowest HI values were in S 17
(528.80), and S 5, S 18–S 21 (0), respectively (Table 5).

Table 2: Recovery study.

Metals Standard
recovery % (n� 5)

Spike
recovery % (n� 3)

As 96–103 83–106
Cd 101–104 103–129
Cr 104–110 89–119
Cu 97–109 84–111
Fe 96–104 79–91
Hg 105–111 98–115
Mn 93–105 90–97
Ni 96–100 96
Pb 98–101 93–118
Zn 95–103 118

Table 3: Parameters and assumptions for health risk assessment of
metals through antidiabetic herbal preparations.

Parameter Unit Values
Metal concentration ppm —
Estimated daily intake (EDI) ppm/day —
Chronic daily intake (CDI) ppm/day —
Exposure frequency (EF) Days/year 365
Exposure duration (ED) Years 20
Body weight (BW) Kg 65
Average time (AT) ED× 365 days 7300
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16 samples exceeded the cutof value (HI> 1) for HI. Tis
indicates that the health of the consumers of the formula-
tions is at risk, and prompt intervention is required to

minimize the levels of metals in the formulation to safeguard
the patients from a potential health risk. In agreement with
this investigation, herbal preparations exceeded the unity for

Table 4: Incremental lifetime cancer risk (ILCR) of metals through the consumption of antidiabetic herbal preparations.

Drug code
ILCR

Pb Cr Cd Ni
S 1 6.95×10−02 1.43×10−02 2.57×10−04 1.02×10−04

S 2 0 3.07×10−02 0 1.53×10−04

S 3 0 8.43×10−03 1.08×10−04 1.90×10−04

S 4 4.32×10−03 0 0 0
S 5 2.21× 10−03 4.60×10−03 8.48×10−05 1.42×10−04

S 6 0 5.92×10−03 0 9.75×10−05

S 7 0 0 1.98×10−07 0
S 8 1.98×10−03 0 0 7.30×10−05

S 9 0 0 0 0
S 10 0 0 0 2.98×10−05

S 11 7.09×10−04 0 0 0
S 12 1.12×10−01 3.13×10−02 0 4.73×10−04

S 13 1.30×10−01 6.73×10−02 6.23×10−04 4.93×10−04

S 14 5.21× 10−02 2.10×10−02 2.11× 10−04 1.22×10−04

S 15 2.31× 10−02 1.04×10−02 4.27×10−05 5.08×10−05

S 16 3.09×10−01 1.68×10−01 1.90×10−03 5.94×10−03

S 17 8.35 1.61× 10−02 1.40×10−03 0
S 18 0 0 0 0
S 19 0 0 0 0
S 20 0 0 0 0
S 21 0 0 0 0
S 22 1.12 2.02×10−01 3.21× 10−03 7.52E− 04
S 23 2.81× 10−01 6.93×10−02 8.91× 10−04 4.89E− 04
S 24 0 2.51× 10−03 1.36×10−05 0

Table 5: Hazard quotient (HQ) and hazard index (HI) of metals through the consumption of antidiabetic herbal preparations.

Drug
code

HQ
HI

Mn Fe Hg Cu Ni Cd Pb Cr As Zn
S 1 0.0293 0.2416 14.0985 0.0061 0.0421 2.0434 0.0174 0.0095 0.0882 16.5760
S 2 0.0212 0.0536 12.3717 0.0091 0.0374 0.0008 0.0049 12.4988
S 3 0.0239 0.0311 2.4360 0.1510 0.0113 0.0177 0.0103 0.0203 2.7016
S 4 0.0044 0.0051 0.1023 0.1269 0.0059 0.2446
S 5 0.0354 0.0220 36.8707 0.0085 0.0139 0.0651 0.0056 0.0187 37.0399
S 6 0.0312 0.0259 0.3392 0.0058 0.0072 0.0153 0.4247
S 7 0.0000 0.0000 0.0000
S 8 0.0262 0.0217 11.7868 0.1417 0.0043 0.0582 0.0046 0.0090 12.0524
S 9 0.0081 0.0429 0.8506 0.0018 0.9034
S 10 0.0031 0.0054 7.3985 0.0018 0.0024 7.4112
S 11 0.0037 0.0024 11.4586 0.0208 0.0005 11.4859
S 12 0.1042 1.1198 66.2054 0.0282 3.3059 0.0381 0.0065 0.1406 70.9486
S 13 0.0759 1.7720 10.1007 1.9591 0.0293 0.1021 3.8317 0.0821 0.0180 0.1686 18.1395
S 14 0.0343 1.4690 215.8154 0.7366 0.0073 0.0346 1.5314 0.0256 0.0062 0.0762 219.7367
S 15 0.0132 0.8078 145.6431 0.4395 0.0030 0.0070 0.6794 0.0126 0.0023 0.3365 147.9444
S 16 0.1630 3.4450 268.0615 232.16 0.3534 0.3119 9.0877 0.2051 0.0283 0.6742 514.4877
S 17 0.0238 4.0476 277.6615 0.5063 0.2292 245.568 0.0197 0.0404 0.7083 528.8049
S 18 0.0000 0.0000 0.0000 0.0000
S 19 0.0000 0.0000 0.0000 0.0000
S 20 0.0000 0.0000 0.0000
S 21 0.0000 0.0000 0.0000
S 22 0.1312 3.3421 382.6154 4.8923 0.0448 0.5262 32.8154 0.2469 0.0965 1.0011 425.7117
S 23 0.1043 3.4152 369.8400 3.9999 0.0291 0.1461 8.2694 0.0845 0.0276 0.8388 386.7548
S 24 0.0046 0.3345 90.9785 0.1878 0.0022 0.0031 0.0007 0.6077 92.1192
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HI in African investigations [40]. Contrary to our in-
vestigation, a Brazilian investigation found all HI values
recorded below 1 [41].

3.1.2. Carcinogenic Health Risk. As the investigated metals
may give rise to the risk of both carcinogenic and non-
carcinogenic anxiety, the carcinogenic risks for Pb, Cr, Cd,
and Ni were also computed. Carcinogenic risk was evaluated
by determining the ILCR. ILCR values for Pb, Cr, Cr, and Ni
ranged from 0 to 8.35, 0 to 2.02×10−01, 0 to 3.21× 10−3, and
0 to 5.94×10−03, respectively (Table 4). Among the in-
vestigated samples, 13 samples for Pb, 14 samples for Cr, 11
samples for Cd, and 14 samples for Ni pose a risk for
carcinogenic anxiety (ILCR> 10−6).

3.1.3. Comparative Study. In total, ten elemental impurities
were searched in twenty-four antidiabetic herbal prepara-
tions. Te metals were iron (Fe), copper (Cu), zinc (Zn),
manganese (Mn), chromium (Cr), mercury (Hg), cobalt
(Co), nickel (Ni), cadmium (Cd), and lead (Pb).

Mn was detected in ninety-six percent of herbal prep-
arations (Table 6). Te highest Mn was detected in S 8
(562± 11 ppm). Te mean concentration of this metal was
about fve times lower (117.1 ppm) than the highest value. A
nearly similar picture (Mn: 1.51–458 ppm) was obtained,
while some herbal drugs were investigated by the same
research group a couple of years ago [26]. Te MRL for this
metal is 0.26 ppm [42], which makes ninety-six percent of
samples unsafe to consume. As a toxic metal, manganese
toxicity afects the central nervous system (CNS) and causes
damage to other organs [14]. Adverse efects on the brain
and lungs were also reported upon chronic exposure to this
metal [43].

Most of the antidiabetic herbal preparations were de-
tected with Fe. While the highest Fe was detected in S 8 at
a concentration as high as 59374± 722 ppm, the lowest Fe
was detected in S 24 at a concentration as low as 24± 1.5 ppm
(Table 6). Tese two values represent extreme values in iron
detection, where the highest iron concentration was around
2800 times higher than the lowest detected concentration.
Iron in moderate concentration was found by Ababneh [44]
in the range of 6.2–1477 ppm. Acute diseases such as diz-
ziness, nausea, vomiting, joint pain, shock, and diarrhea are
related to iron overdose [45]. Another investigation con-
ducted by the current investigators found quite the contrary
in iron concentration, where samples were quantifed at
10.73 ppm iron as the maximum value [46].

Hg was detected in seventy-fve percent of the samples.
Among them, the highest concentration was 871± 11 ppm in
S 11 and the lowest concentration was 0.27± 0 ppm in S 21.
Six herbal preparations were found below the detection limit
of mercury (Table 6). Te mean concentration of mercury
was 214.9 ppm. Te MRL for this metal is 0.01 ppm [42],
which makes 75 percent of samples unsafe to consume. Te
International Conference on Harmonization (ICH) cate-
gorized themetal in class 1 in its (ICH) Q3D guideline due to
the high toxicity of the metal. Involuntary, rhythmic, and
oscillatory movements of a body part are observed due to the

exposure of the toxic metal. Patients with cognitive im-
pairments such as inattention, excitement, and hallucinosis
were also found exposed to the metal [47]. However, in-
stances of lower concentrations of mercury were observed by
the same research group conducting the current study,
where the maximum concentration never exceeded
0.05 ppm [26]. Tis variation of research results from region
to region indicates the necessity of conducting vigorous
investigation into searching for metal toxicity in herbal
drugs in the country to get a clear perception of the topic
being investigated. Lower instances (below 0.08–16.8 ppm)
were also reported in a foreign study [48]. Ingestion of
mercury in herbal supplements casts doubt on their safety.
Mercury, a strong neurotoxin, can enter herbal supplements
through water contamination or faulty manufacture. Long-
term mercury exposure can harm the neurological system,
kidneys, and heart. Regulatory agencies and producers must
prioritize quality control and use extensive testing tech-
niques to detect and eliminate mercury contamination in
herbal supplements. Choose products from trusted pro-
viders that follow strict safety requirements and transparent
production methods. To reduce mercury toxicity risks and
maintain herbal supplement safety, this proactive strategy is
necessary [49].

Cu was detected in ffty percent of the samples. Te
detected samples contained copper in the range of
2.38± 0.8–5716± 173 ppm, with a mean value of 253 ppm.
Abruptly high concentration 5716± 173 ppm of S8 was
nearly 50 times higher than its next lower concentration
106± 3 ppm of S 10 (Table 6). A similar type of investigation
done by this research group with other herbal fnished
formulations found a similar picture of the metal concen-
tration (4.25–49.6 ppm) if we omitted the abruptly higher
highest concentration from this investigation [25]. While
assessing the drugs for safety by comparing them with MRL
for Cu (0.10 ppm) [42], twelve drugs were found unsafe to
consume. Diseases such as arthritis, growth impairment and
reproductive performance, malnutrition, irregular hair
growth and depigmentation, failure of the heart, and dis-
turbances in the gastrointestinal system are related to Cu
poisoning [50]. However, an international investigation
found all drugs safe to consume with a copper concentration
of 0.16–0.23 ppm [9].

Ni was detected in ffty-nine percent of samples, where
the metal concentration spanned from 1.46 ± 0.7 ppm (S
13) to 22.7 ± 0.9 ppm (S 5) (Table 6). Te mean Ni con-
centrations in all studied herbal drugs were 11 ppm. Te
MRL for this metal is 0.60 ppm [42]. With this value,
fourteen samples were found unsafe to consume. Skin
allergic reactions are the most prominent adverse health
efect of Ni consumption in excess. However, instances of
cardiovascular disease and interference with the physio-
logical processes of zinc and calcium were also evident
[51–53]. However, in some other samples, the maximum
concentration was 8.77 ppm for Ni by the research group
[26]. Another investigation in Jordan by Ababnah found
Ni concentrations in the range of 0.53–15.7 ppm, with
a mean value of 5.44 ppm, where few samples crossed the
safety limits [44].
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Half of the studied samples were detected with Cd, where
the highest and lowest Cd-containing samples were S 10 and
S 12 with concentrations of 11.4± 0.5 ppm and
0.11± 0.5 ppm, respectively (Table 7). Te average concen-
tration of this metal was 1.4 ppm. Te metal was detected in
the following range in other investigations conducted
elsewhere: Cd: 0.68–2.75 ppm [16], Cd: 0.48–3.08 ppm [11],
Cd: 0.04–4.35 ppm [5], and Cd: 0.04–1.27 ppm [44]. All
detected samples were unsafe to consume (MRL for Cd is
0.06 ppm) [42]. Te ion of the metal Cd2+ can replace Zn2+,
leading to cadmium toxicity. Cadmium is highly toxic and it
poses toxicity at very low concentrations. Te MRL of this
metal is 0.06 ppm. Te comparison of the detected samples
with the MRL value led us to believe that all samples were
unsafe for consumption. Cd can cause high blood pressure
and commit the destruction of red blood cells (RBC). Te
metal is also known to be carcinogenic [19, 54].

Pb was detected in ffty-four percent of herbal prepa-
rations in the range of 3.91± 2.2 ppm (S 13)–895± 9 ppm (S
8) (Table 7). Te mean concentration of the metal was
934.8 ppm.TeMRL of this metal is 0.10 ppm [42].With this
ceiling, thirteen samples were counted as unsafe to consume
in terms of metal. Another investigation left 20% of herbal
drugs unsafe to consume [26]. Lead in herbal supplements
can cause serious and irreversible health problems, putting
public health at risk. Lead causes neurological, de-
velopmental, and reproductive disorders over time [55].
Diferent reproductive dysfunctions, including decreased
sperm quality, disorganized epithelia, and altered sperm

morphology were evident from lead poisoning [56]. Lower
instances of lead, where all samples were safe to consume,
were observed in two separate investigations in Turkey
where data varied between 0.02 and 3.01 ppm [57] and 0.26
and 4.8 ppm [8], respectively. Polluted land, water, or in-
appropriate processing can cause lead contamination in
herbal products. Regulators and producers must prioritize
quality control, including testing, to detect and eradicate
lead in herbal supplements. Consumers should choose
products from trusted vendors with high quality standards.
Lead-free herbal supplements are essential to the health of
those who use them [55].

Around sixty percent of samples were detected with Cr,
where the highest and lowest chromium-containing samples
were S 10 (107± 2 ppm) and S 22 (2.42± 3.9 ppm), re-
spectively (Table 7). Central tendency of this metal con-
centration is 16.6 ppm. Te detected samples were unsafe to
consume in terms of Cr, as the MRL was 0.05 ppm for the
metal [42]. A very high concentration of chromium
(maximum value of 254.15 ppm) was found in a study
conducted in Poland [9]. Jurowski [6] and Tokalioglu [57]
also found herbal samples contaminated with chromium
with disturbing levels of chromium ranging from 4.42 to
8.74 ppm and 0.44 to 8.71 ppm, respectively, in two separate
investigations conducted in European countries. A similar
scenario was observed in an Arabian investigation where the
chromium concentration ranged from less than 0.03 to
9.43 ppm. Cr afects diferent parts of the immune system,
whichmay lead to immunostimulant or immunosuppressive

Table 6: Mn, Fe, Hg, Cu, and Ni concentrations of the investigated antidiabetic herbal preparations.

Drug code
Metal concentration (ppm)

Mn Fe Hg Cu Ni
S 1 12.2± 1.9 27.1± 1.4 BDL BDL BDL
S 2 5.06± 1.9 37± 1.3 BDL BDL BDL
S 3 3.82± 1.9 BDL BDL BDL BDL
S 4 0.75± 1.9 33.8± 1.3 BDL BDL BDL
S 5 411± 9 47991± 291 39.08± 1.6 75.8± 3.1 22.7± 2
S 6 186± 3 39786± 476 835± 10 28.5± 2.3 5.64± 1.5
S 7 86.8± 1.5 26635± 398 686± 10 20.7± 2.5 2.85± 1.6
S 8 562± 11 59374± 722 660± 10 5716± 173 174± 2
S 9 56.5± 2 47960± 678 470± 10 8.57± 3.4 BDL
S 10 398± 9 50688± 593 829± 10 106± 3 19.4± 1.8
S 11 344± 9 56302± 649 871± 10 94.2± 3.1 13.7± 2
S 12 31.6± 1.9 11530± 13 448± 10 9.25± 3.3 BDL
S 13 61.5± 1.3 255± 3 19.8± 0.6 2.38± 0.8 1.46± 0.7
S 14 29.5± 1.3 776± 13 2.2± 0 BDL BDL
S 15 21.8± 1.3 192± 3 37.6± 1.3 BDL 1.8± 0.7
S 16 28.3± 1.2 89.6± 1.2 62.4± 1.3 BDL BDL
S 17 82.6± 1.3 4440± 30 37.5± 1.3 BDL 3.19± 0.7
S 18 115± 1 4738± 32 39.5± 1.4 BDL 3.41± 0.7
S 19 86.3± 1.3 1089± 13 35.9± 1.3 BDL 5.3± 0.7
S 20 62.5± 1.6 407± 5 4.55± 0 2.82± 2.9 4.22± 1.8
S 21 16.1± 1.6 94.8± 1.6 0.27± 0 BDL BDL
S 22 107± 2 333± 3 79.6± 1.7 BDL 3.66± 0.9
S 23 102± 2 424± 5 BDL 7.92± 3.3 2.71± 2.1
S 24 BDL 20.9± 1.5 BDL BDL BDL
MRL 0.26 N/A 0.01 0.10 0.60
BDL� below detection limit, MRL�maximum residual limit, and N/A� not available.
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efects [58]. However, some diferent samples (0.04 ppm)
were found safe to consume in terms of chromium in an-
other study by the same research group conducting this
investigation [59].

Te presence of nickel and chromium, both dangerous
heavy metals, in herbal supplements gives rise to substantial
concerns. Although these metals occur naturally in the
environment, their buildup in herbal products could be the
result of manufacturing processes or contaminated soil. Te
ingestion of nickel can result in detrimental physiological
consequences, such as cutaneous eruptions, intestinal dis-
turbances, and respiratory complications. A high chromium
intake, on the other hand, can disrupt glucose metabolism
and lead to injury to the kidneys and liver. In light of the
possible health hazards linked to nickel and chromium, it is
of the utmost importance that regulatory bodies and
manufacturers enforce rigorous quality control protocols to
safeguard herbal supplements. It is imperative that con-
sumers maintain a state of constant vigilance and select
goods from trustworthy sources, placing particular emphasis
on the transparency of ingredient sourcing and the imple-
mentation of stringent testing protocols, in order to mini-
mize the potential for encountering these perilous heavy
metals [60].

As was detected in ffty-eight percent of fnished for-
mulations. Te maximum concentration of the metal was
found to be 6.27± 0.2 ppm (Table 7). All investigated
samples crossed the safety endpoints (MRL for As is
0.02 ppm) [42]. Tis investigation is consistent with our

earlier three separate investigations, where samples were
collected from diferent sampling locations in the capital city
of Bangladesh. Concentration ranges of 0.01–0.45 ppm [26],
0.01–6.74 ppm [59], and below 0.01 [46] were evident in
those investigations. Arsenic poisoning in herbal supple-
ments presents serious safety and quality problems. Herbal
supplements can include arsenic from soil or faulty pro-
duction. Long-term arsenic exposure can cause skin
blemishes, cardiovascular difculties, and some malignan-
cies. To detect and prevent arsenic in herbal supplements,
regulators and manufacturers must prioritize rigorous
testing and quality control. Consumers should buy products
from trusted sources to ensure production transparency and
heavy metal testing. Public health and herbal supplement
industry trust depend on this monitoring [61].

Zn was detected in ninety-two percent of herbal prep-
arations, where the highest and lowest zinc-containing drugs
were S 12 (7978± 112 ppm) and S 1 (0.74± 1.1 ppm), re-
spectively, with a mean value of 1629.3 ppm (Table 7). Te
safety assessment of the drugs for the metal was done by
comparing them with the MRL (15 ppm) [42]. Seventeen
samples were found to be unsafe to consume. However, Zn
in lower concentrations and within safe limits was observed
in our recent investigation of some other herbal formula-
tions [46]. Few samples exceeding safe limits were obtained
in another investigation where the maximum concentration
was 181.4 ppm [25]. In two separate international in-
vestigations, Egypt and Turkey also reported unsafe levels of
Zn in herbal drugs as 15.4–73.7 ppm [15] and 3.75–88 ppm

Table 7: Cd, Pb, Cr, As, and Zn concentrations of the investigated antidiabetic herbal preparations.

Drug code
Metal concentration (ppm)

Cd Pb Cr As Zn
S 1 BDL BDL BDL BDL 0.74± 1.1
S 2 BDL BDL BDL BDL 1.03± 1.1
S 3 BDL BDL BDL BDL 2.33± 1.1
S 4 BDL BDL BDL BDL BDL
S 5 3.95± 0.5 593± 8 63.5± 2.3 2.09± 0.1 1957± 27
S 6 1.34± 0.4 237± 6 19.8± 1.7 0.72± 0 885± 37
S 7 0.33± 0.4 128± 6 11.9± 11.8 0.32± 0 4755± 79
S 8 7.68± 0.6 895± 9 101± 3 2.09± 0 4980± 62
S 9 3.88± 0.5 16627± 169 6.66± 2.5 2.05± 0 3597± 55
S 10 11.4± 0.5 2844± 36 107± 2 6.27± 0.2 6507± 96
S 11 3.44± 0.5 779± 8 39.8± 2.3 1.95± 0.1 5926± 103
S 12 0.11± 0.5 BDL 3.01± 2.4 0.11± 0 8978± 112
S 13 BDL 3.91± 2.2 BDL 0.23± 0 45.2± 2
S 14 BDL BDL BDL BDL 13.8± 1.1
S 15 BDL BDL BDL BDL 36.9± 1.1
S 16 BDL 4.54± 2.1 BDL BDL 7.86± 1
S 17 BDL 74.9± 2.2 4.32± 3 0.11± 0 239± 4
S 18 1.18± 0 229± 2 9.74± 3.3 0.80± 0 741± 23
S 19 BDL BDL 21.7± 3.1 0.07± 0 42.9± 1.1
S 20 0.33± 0.5 BDL 3.84± 2.1 BDL 114± 2
S 21 BDL 13.4± 2.7 BDL BDL 46.4± 1.3
S 22 0.30± 0.3 5.62± 2.9 2.42± 3.9 BDL 121± 3
S 23 BDL BDL 3.37± 2.4 BDL 107± 2
S 24 0.13± 0.2 BDL BDL BDL BDL
MRL 0.06 0.10 0.05 0.02 15
BDL� detection limit and MRL�maximum residual limit.
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[57], respectively, for some samples. Toxic efects on blood
lipoprotein levels, copper levels, and adverse efects on the
immune system are evident with chronic zinc exposure
exceeding the safety endpoint [62].

To summarize the fndings, a plot was constructed. In the
plot, Mn was proclaimed the most concerning metal due to
its exceeding levels in 23 samples (Figure 2). Te concern is
minimal for Cu and Cd, as their MRL crossed the safety limit
in 12 probed preparations (Figure 2). Terefore, a crucial
discovery for quality control of the preparations has come
out in the investigation considering the prolonged exposure
of metals through the formulations and their associated
health risks.

3.1.4. Possible Contamination Sources. Exposure to toxic
metals in herbal preparations may be due to environmental
pollution and soil composition where the plants grow, which
leads tometal deposition in raw herbal plants. Next, diferent
stages of the manufacturing process also act as entry routes
for metal contamination in herbal remedies if good
manufacturing and laboratory practices are not well applied
(Figure 3).

4. Conclusion

Metal contamination in drug samples is always abrupt,
which poses potential human health risks. Concentrations of
ten metals in diferent frequently sold antidiabetic herbal
preparations from Rajshahi City were compared with
published data and regulatory authority guidelines. Non-
carcinogenic health risk remains for 50% of the metals (Fe,
Hg, Cu, Pb, and Zn), where 29% of samples for Fe, 67% of
samples for Hg, 17% of samples for Cu, 33% of samples for
Pb, and 4% of samples for Zn crossed the acceptable levels.
Noncarcinogenic health risk (HQ< 1) is absent in the
remaining 50% of metals (Mn, Ni, Cd, Cr, and As). 67% of
samples exceeded the acceptable value (HI> 1) for HI,
implying a health risk to the consumers of the preparations.
54% of samples for Pb, 58% of samples for Cr, 46% of
samples for Cd, and 58% of samples for Ni pose a risk for
carcinogenic anxiety. A comparative study reveals manga-
nese as the metal of concern the most, as its level exceeds
ninety-six percent of all preparations, and Cu and Cd are the
least concerning, as their MRLs did not cross the safety limit
in ffty percent of drugs under investigation. Tis is a threat
to drug safety and public health safety as well. Considering
these facts, prompt interference is required to minimize the
levels of metals in the formulations to protect the patients
from the health risks they may face. Monitoring and
measures should be taken at diferent points, which begins
with collecting the herbs from rural areas and their vicinity
to clean water sources. Pre- and postmarket monitoring
should also be performed on fnished herbal formulations.
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[49] D. Yüksel, B. Yuksel, E. Kalafat, T. Yüce, D. C. Katlan, and
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[55] B. Yüksel, Z. Kayaalti, D. Kaya-Akyüzlüa, D. Tekina, and
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