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Abstract:  The use of Herbal drugs for various medicaments e on the increase in Nigeria as it is in other
developing and even developed countries. This studg aimed at determining the physico-chemical
parameters and the levels of heavy metals (Cr, Cd,®n Fe, Pb, Zn and Ni) concentration in selected
crude drugs sold iKara market, Sokoto-Nigeria. The physico-chemical pat@ms were determined using
standard analytical methods and the heavy metalse waetermined using Atomic Absorption
Spectrophotometry (AAS) after wet digestion. Theishoe was found to be 3.56 — 5.0 %, total ash7 %1.
19.0 % and acid insoluble ash contents 0.5 — 9.378é. results also revealed maximum concentrations
(mg/Kg) of the heavy metals in the samples as: @0%01, 0.103+0.005, 44.900+0.002, 0.275+0.003,
18.496+0.001, 1.133+0.001, 3.649+0.001 and 0.34m.for Cr, Cd, Mn, Cu, Fe, Pb, Zn and Ni,
respectively. The moisture indicated an excellemsgrvative state of the crude drugs but insolaisie
values indicated the likely presence of silica astaminant in the drugs. The levels of Cd, Cu, Fe,Zpb
and Ni were all found to be within the World Heaflinganization (WHO) limits for heavy metals in plan
samples. While, Cr inCassia singueana and Anogeissus leiocarpus leaves; as well as Mn iGuiera
senegalensis, Combretum micranthum and Deuterium microcarpum D. senegalense exceeded the WHO
limits. Prolong intake of these plants could buibic concentration of even the metals that werewe
WHO limit. It is therefore suggested that the quyalsafety and efficacy of these crude drugs berdavigd
through pharmacovigilance.
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Introduction (Bayor, 2009). The accumulation of heavy metalsteare
Worldwide trend towards the utilization of natural middle-term and long term health risks, and strict
products for health benefit has created an enormeesl  periodical surveillance of these contaminants erdfore

for information about the properties and uses afs¢h advisable (Abou-arab, 2001; Orishal., 2012).

products (Vidita et al., 2013). Natural products in Heavy metals are defined as those groups of elentkeat
medicine constitute a vast array of raw materiatsnf  have specific weights higher than 5 gfcrA number of
which medicinal plants constitute an important paritere  them (Co, Fe, Mn, Mo, Ni, Zn and Cu) are essential
is well established recognition that these medigotants  micronutrients and are required for normal growtid a
(herbal drug remedies) play a major role in thentr of  other important metabolic processes. Metals whioh a
health care sector especially in developing natfionshe  considered non essential (Pb, Cd, Cr, Hg, etc.) are
management of various diseases and ailments (Vé@lita potentially highly toxic to plants (Sebastiani & eébbaf,

al., 2013). “Crude herbal drugs”, crude drugs or simply2004; Rama & Prasad, 1998; Raal., 2004).

herbal drugs denotes plants or plant parts that¢ leeen  The aim of this research was to determine the physi
converted into phytopharmaceuticals by means opleim chemical parameters and some heavy metals in sdlect
process involving harvesting, drying, and stordgeIEA, herbal drugs sold in Kara market, Sokoto-Nigerid &m
1998; Joset al., 2011).About four billion people (80% of compare the heavy metals with standard limits set b
the world’s population) living in developing couies use  World Health Organization.

herbal medicine as their source of primary heatthec

(Bisset, 1994; Farnsworth, 1985; Bodeker, 200B)Jus  Materialsand Methods

herbal medicines have a prominent role to playha t Sampling procedure

pharmaceutical markets and health care sectoreoR The sampling was carried out in the month of Maj1 2
Century (Annan, 2008). The samples were collected with{iara market, in Sokoto
Heavy metals are widespread in soil as a resujet  Town. Ten (10) samples (5 leaves and 5 barks) were
climatic conditions and environmental pollutiondbgh  collected in polyethylene bags. The parts were titied
industrial activiies, automobile exhaust, heavyydut by a consultant Taxonomist (Mal. Umar Shehu Gallah)
electric power generators, municipal wastes, refusehe Department of Pharmacognosy and Ethnopharmacy
burning and pesticides used in agriculture (JaRgQ@3). Pharmaceutical Sciences, Usmanu Danfodiyo Uniyersit
Therefore, their assimilation and accumulationlanfs is  Sokoto. Voucher specimens of the plant samples were
obvious (Jarup, 2003; Oristi al., 2012). Human beings, prepared and voucher numbers were assigned (sde Tab
animals and plants take up these metals and other) and deposited at the Herbarium of the Departrfmnt
pollutants from the environment through inhalatiand  future reference.

ingestion (Orishet al., 2012). Heavy metals have the

tendency to accumulate in both plants and humaansrg
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Table 1: Names of the herbal drugs, identification codes used and voucher vumbers

SIN Scientific Name Hausa Name Sample Code PlamuBed Voucher No.
01 Cassia singueana Runhu RH Leaves PCG/UDUS/LegL/0
02  Guiera senegalensis Sabara SB Leaves PCG/UDUS/Comb/0002
03  Combretum micranthum Geza GZ Leaves PCG/UDUS/Legu/0002
04  Sennaitalic Fulasko FK Leaves PCG/UDUS/Caes/0002
05  Anogeissus|eocarpus Marke MK-L Leaves PCG/UDUS/Comb/0001
06 Boswelliadalzieli Hanu HN Bark PCG/UDUS/Burs/0001
07 Cassaarereh Malga MG Bark PCG/UDUS/Caes/0001
08  ProsopisAfricana Kirya KY Bark PCG/UDUS/Legu/0003
09  Anogeissusleiocarpus Marke MK-B Bark PCG/UDUS/Comb/0001
10  Detarium microcarpum; D. Senegalense Taura TR Bark PCG/UDUS/Legu/0004
Sample preparation digestion tube. Then 20.00 &nof 69.5% concentrated

All the samples were collected in coarse and poedier
forms. The samples were each pulverized in a cteah

HNO; acid was added and heated in a tecator digestion
block until about one third of each of the contanteft.

acid rinsed (10% HNg) agate mortar. The homogenized This was followed by the addition of another 1G° @hthe

powders were stored air tight from which represirga
samples were quantitatively taken for physicochafraad
heavy metal determinations.

Chemicals and equipment

concentrated HN@and 2.00 crhof 60% HCIQ acids and
the heating process continued until clear solutiese
obtained. The digests were each diluted with aB6utn?
of double distilled water and boiled for another rhin.

Chemicals of analytical grade were used; nitric acidThe contents were allowed to cool and further fiemsd

(HNO3), sulphuric acid (K50,) were M&B product and
perchloric acid (HCIQ), hydrochloric acid (HCI) were

into 50 cnivolumetric flasks. These were all made to their
marks with double distilled water. The solutiongevehen

from BDH. Standard solutions of the metals underfiltered using Whatman No. 42 filter paper into aege
investigation were from AAS machine’s manufacturer. screw capped polyethylene bottles (Daniel, 2003dlAu
The AAS machine used was Varian AA240FS, whileand Lawal, 2006). Similarly, the blank sample solut

furnace was Lanton 678X model.
Determination of moisture content
The percentage moisture lost due to drying af@0Bas

was prepared in the same way.
The concentrations of Cr, Cd, Mn, Cu, Fe, Pb, Zn and N
in the digests of the drug samples were determimed

done in accordance with the work of James (1995)employing the hollow cathode lamps for the respecti

method. Three (3.00 g) of the powdered drug sampke
weighed into a pre-weighed crucible and placed hb

drying oven at 10% for 24 h. The sample was then AA240FS, Varian).

elements at the proper wave length and slit width om),
in atomic absorption spectrophotometer (Model No.
The flame type used for all the

cooled in a desiccator and weighed again. This waglements was air-acetylene.

repeated until constant weight was recorded.

The weight lost due to moisture was calculated gisin Results and Discussion

equation (1);

% moisture content = W =W
1 0

Where: W, = Weight of empty crucible; W= Weight of
fresh sample; W= Weight of dried sample
Determination of total ash value
The dried sample (3.00 g) was weighed into pre-eg
crucible and placed in Lenton Furnace at%D6or three
hours. The sample was cooled in desiccator andhedig
The ash in the sample was determined as perceotdbge
initial dry weight of the sample as shown in equatR
(James, 1995).

. W, -W,
% moisture content = —2—2
1~ Vo
Where: W, = Weight of empty crucible; W= Weight of
crucible + dry sample; W= Weight of crucible + ash
sample

Determination of acid insoluble ash

The total ash obtained was boiled for 5 min withcg® of
10% dilute hydrochloric acid. The insoluble matteas
collected on an ash-less filter paper and washéhl ot
water and ignited to constant weight. The percentaiy
acid insoluble ash was calculated with referenceht
dried sample.

Digestion of samples and analysis of heavy metals

Wet ashing technique was used for the digestiothef
samples for the analysis of the drug samples (Mihé
and Baker, 2000). The process was carried out bpgak
1.00 g of each of the prepared drug sample intars¢p

The results of the analyses are presented in Tades! 3.
The results in Table 2 showed the moisture contets)
ash and acid insoluble ash values of the herbajsdru
Moisture is an intrinsic factor which must be calesed in
relation to drug deterioration (Williams, 2009).rAdry—
drugs can contain up to 10-12% moisture, and inesom
instances this may be sufficient to activate enzy/aed
bring about decomposition of compounds such as
glycosides (Josest al., 2011). The moisture content
obtained for the drugs under study, ranges front 3-5
5.0%. Both the upper and lower boundary valueshf t
range are below the 10% maximum limit for moisture
powdered medicinal plants prescribed in European
Pharmacopoeia (2007). Thus, the moisture compasitfo
the herbal drugs under study is favourable for gmextive
purposes. Deterioration of the drugs which can pesua
result of excess moisture is limited due to minimaler
available and as such, lowers the degree to whichund

to the drug material, partake in different reacsicemd
facilitate the growth of microorganisms (Yeager &akd,
1981). Control or limiting moisture in herbal druigsone

of the oldest preservation strategies which is exad
most effectively through prevented bacterial, fungad
yeast growth (African Pharmacopoeia, 1986; Mudau, &
Ngezimana, 2014)The moisture evaluated in this work,
compares favourably with moisture value of 4.26%
reported by Giteet al. (2010) on evaluation of
physicochemical standardization parameters of
Enicostemma axillare. However, the range (5.21%-7.42%)
of moisture contents of the individual drugs, maekle
formulations, and in-house prepared formulations
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evaluated by Harinarayaet al. (2011) were above the 15.84% as an average value. Also, the variatioth@fash
range limits obtained in this study. The excellewtisture  values in the individual drugs is more pronounaedhie
content of our drug samples, may probably be dughe  leaves when compared to the barks. In total, 80%hef
climatic condition of the study area which is sundyy drug samples lie outside the standard limit andewssr
and less humid (Adaramola & Oyewola, 2011); and afound to generally have high total ash values which
such, serves as a contributory factor to havinghiwdal  conversely indicate contamination. A high ash vaine
drugs in a very dried state despite their exposuralrug sample beyond allowable limit was shown toabhe
(displayed) in an open environment at the sellintjed. indication of contamination, substitution, adultera, or

carelessness in preparing the drug or drug conibirst
Table 2: Moisture, ash and acid insoluble ash content (Harinarayaret al., 2011).

in the crude drugs The acid insoluble ash content ranges from 0.53%09.
Samples M C (%) AV (%) AIlA (%) with Cassia areren and Detarium microcarpum D.
Runhu (leaves) ~ 4.830.62 15.3+0.24  9.3#1.25 Senegalense (all barks) containing the lowest amount
Sabara (leaves) ~ 3.56:0.09 11.740.25  6.2+0.21 while Cassia singueana (leaves) with the highest
Geza (leaves) — 4.50:0.41 15.2:0.24  3.0£0.33 percentage (9.3%). Unlike total extractive ash esjtthe

Fulasko (leaves) 4.83+0.62 19.0+0.82 3.6+0.14

Marke (leaves) 50:040 18.0+0.82 20%033 drugs samples that are leaves possess higher awiotinet

acid insoluble ash compared to the bark drugs; ithis

Hanu (bark) 45+x0.40 18.7+1.24 3.0£0.41 . :

Malga (bark) 4.67+0.47 18.0+0.82 0.5+0.08 evident from an average value of 4.82% against 1.9%
Kirya (bark) 4.83:0.62 18.3+1.25 25:0.16 respectively. Also, only 30% of the total drug séesp
Marke (bark) 3.83+x0.24 16.5+0.41  3.0+0.08 were in agreement with 2.0% maximum limit for acid
Taura (bark) 4.17+0.62 13.0+0.82  0.5+0.08 insoluble ash in powdered medicinal plants. Thi&ikteis

MC= Moisture Content, AV = Ash Value, AIA = Acid $oluble Ash, an indication that 70% of the drug Samp'es haveas"
Mean+SD silicate and like materials as contaminants (Koka@o6;
Harinarayanet al., 2011). Both the total ash and acid
insoluble ash determined, indicated some level of
contamination in the herbal drugs by different
contaminants among which silica material constitaie
important fraction. Considering the geographicaktan

of the study area; being semi arid (50-150 mm &dipf
mostly bare ground and sandy spilalentinet al., 1999),
coupled with average annual wind speed of 4.0'ms
(Adaramola &. Oyewola, 2011), atmospheric depositi
can be one of the possible causes for the higkasili
material observed in the herbal drugs.

Ash value is useful in determining authenticity gndity
of drugs and is also an important quantitative cats
(Kokate, 2006). All the individual drugs studied tinis
work, were found to have total ash values in thegea
from 11.7% inGuiera senegalensis (leaves) to 19.0 % in
Senna italic (leaves) (Table 2). This means that only
Guiera senegalensis (leaves) andetarium microcarpum;

D. Senegalense (bark) were within the 14% maximum
limit required as total ash in powdered medicinkngs
(European Pharmacopoeia, 2007). The high totabgte
drugs centered more in the bark samples with aragee
of 16.9% than in the leaves drug samples that avénd

Table 3: Concentration of heavy metalsin the herbal drugs

Heavy Metal Concentration (mg/K g)

Cr Cd Mn Cu Fe Pb Zn Ni

Runhu (leaves) 0.156+0.001 0.103+0.005 4.600+0.001 0.275+0.003.433+0.003 1.133+0.001 1.881+0.001 0.340+0.003
Sabara (leaves)0.028+0.001 0.027+0.001 10.673+0.001.223+0.001 9.826+0.001 0.644+0.001 2.055+0.001 0.170+0.001
Geza (leaves) ND 0.016£0.001 19.808+0.001165+0.001 7.371+0.002 0.395+0.001 0.7531+0.001 0.146+0.001
Fulasko (leaves) 0.055+0.007 0.015+0.001 5.190+0.001 0.123+0.0018.496+0.001 0.372+0.001 0.698+0.001 0.085+0.001
Marke (leaves) 0.061+0.0010.016+0.001 4.780+0.001 0.119+0.003.498+0.002 0.386+0.001 1.179+0.001 0.070+0.001

Samples

Hanu (bark) ND 0.016+0.001 8.703+0.001 0.047+0.031401+0.002 0.492+0.001 3.649+0.001 0.054+0.001
Malga (bark) ND 0.017+0.001 5.382+0.001 0.041+0.0@1214+0.001 0.548+0.001 0.611+0.001 0.037+0.001
Kirya (bark) ND 0.017+0.001 5.453#0.001 0.036+0.0173+0.002 0.623+0.001 1.659+0.001 0.079+0.001
Marke (bark) ND 0.019+0.001  3.090+0.001 0.034+0.0@1819+0.001 0.651+0.001 0.432+0.001 0.048+0.001
Taura (bark) ND 0.023+0.001 44.900+0.002084+0.001 5.881+0.003 0.544+0.001 0.640+0.001 0.070+0.001

Mean+SD; ND=Not Detected

The results in Table 3 show the concentrations QfGci; Ekeanyanwuet al. (2013) who found no detectable Cr on
Mn, Cu, Fe, Pb, Zn and Ni in the samples with Mnihgv analysis of some selected toxic heavy metals inesom
an overall concentration of 44.90+0.002 mg/Kg in branded Nigerian Herbal Products. Also, three drugs
Detarium microcarpum; D. Senegalense (bark) and Cd the Guiera senegalensis, Combretum micranthum and
least (0.015+0.003 mg/Kg) iBenna italic (leaves). In this  Detarium microcarpum; with respective concentrations of
study, the concentrations of Cd, Cu, Fe, Pb, Zn anh N 10.673 mg/kg, 19.808 mg/kg and 44.90 mg/kg
all the samples collected were within the permissiimits (representing 30.00% of the total samples) werealboe
recommended by WHO (Table 4). Cr was detected anly i WHO limit range of 2 — 9 mg/kg for Mn. However, the
four (4) drugs (all leaves), out of which three giwiz: manganese evaluated in this work (3.090 — 44.90&g)g
Cassia singueana (0.156 mg/kg) Senna italic (0.055 is lower than 78.90 mg/Kg reported by Abdul Ghetral.,
mg/kg) andAnogeissus leiocarpus (0.061 mg/kg) were out (2012) on the heavy metals and nutritional compmsiof

of WHO limit concentrations (0.05 mg/kg)The some selected herbal plants of Soon Valley, Khushab
concentrations of Cr obtained for some drugs in sk, Punjab, Pakistan. Our upper range limit for magmasi
are similar to result of Igwezet al. (2012) who reported also is close to and similar to manganese condentraf
0.0506 mg/Kg of chromium on contaminated Nigerian52.95 mg/Kg reported by Shadt al. (2008) on
herbs. In this work also, all the bark drug samplese not  determining the profile of heavy metals in selected
found to contain Cr, a result that also resemblenttwk of medicinal plants in Peshawar, Pakistan.
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Though Cr and Mn are heavy metals, and their cdregons
in some of the drugs were above WHO tolerable Jinbits
worth noting that they are unlike Pb, Cd and Nitthee
extremely toxic. But instead, they are like Cu, &ed Zn, in
that all of them are micronutrients (latraai al., 2015)
required for certain metabolic process in both {slaand
animals (Veronique & Schuyler, 1994). For examjiehas
been indicated that; Mn promotes growth, developgnaem

Abou-arab AAK & Aboudonia MA 2001. Pesticide residu
in some Egyptian spices and medicinal plarfsod
Chem,, 72: 439-445.

Adaramolal MS & Oyewola OM 2011. Wind speed
distribution and characteristics in Nigeria ARRINENg,

& Appl. i, 6(2): 82-86.

African Pharmacopoeia 1986General Methods for Analysis.

1st edition Vol. 2 (OAU/STRC) Lagos, p. 123.

cell function, helps many body enzymes and a hgalth Annan K & Houghton PJ 2008. Antibacterial, antiaid and

immune system (Kabata-pendias and Pendias, 1999)s C
required for glucose metabolism and may prevenbedes
and reduce cholesterol (Leigh & Philip, 2006); Gunivolved
in respiratory and red blood cell function, healtigyves, taste
sensitivity, and healthy bone development; Fe tessary for
formation of hemoglobin, chlorophyll, mycoglobinnexgy
production and a healthy immune system (Cervastes.,
2001); while Zn is needed for a healthy immune eyst
among others (Rat al., 2004).

Table 4: Range of Heavy metal concentration and their
respective WHO standard limits

Metal Range of conc. (mg/Kg) of WHO Limits

Heavy metal in the samples (mg/Kg)

Chromium 0.028 — 0.156 0.05

Cadmium 0.015-0.103 0.3

Manganese 3.090 — 44.900 2 — 9 daily intake

Copper 0.034 -0.275 40

Iron 2.173 -18.496 20*

Lead 0.372-1.133 10

Zinc 0.432 - 3.649 50

Nickel 0.037 —0.340 8.0

20*mg/Kg for edible plants has been used becauselithit of iron in
medicinal plants by WHO has not been established

The cumulative heavy metals per sample was evaluatbe
52 mg/Kg inDetarium microcarpum (bark) followed by 28
mg/Kg in Combretum micranthum leaves. The high
cumulative amount of the metals Detarium microcarpum
(bark) was essentially due to manganese concentratihich
was exceptionally high. The reason for the escalgteantity
of manganese iDetarium microcarpum (back) could not be
established. Also, the summation of the concewtnatof each
metal in the drugs was considered, it was obsethatl the
metals can be arrange in order of decreasing amoast
follows: Mn> Fe>Zn>Pb>Cu>Ni>Cr>Cd. This series slsow
Mn to be also the metal of the highest total cotregion. The
amount of Mn in Detarium microcarpum; D.Senegalense
(44.9 mg/Kg) is the main contributor to the highatoMn
recorded for all the drugs. Precisely, this amouoahstituted
40% of the total cumulative weight of Mn in the sdes. Fe
counts the second highest cumulative amount ofntkéals
determined in the drugs. More than 65% of this Weiame
from the leaves samples. The high Fe content weke¢han in
the barks is not surprising because, leaves araviknio
contain chlorophyll pigment- an Fe- porphyrin maellecused
by plants for photosynthesis (Hetmal., 2004).

Conclusion

This study has shown that the selected herbal dsolgs at

Kara market are in good preservative condition.

extractive ash values of the drug samples

contamination most probably with silica or silicat&terial.

The concentrations of the heavy metals determieveckpt for

manganese and chromium in some drugs, were allnwitie

permissible limits recommended by WHO.

pharmacovigilance on the herbal drugs sold at loeakets is

required for improved safety and efficacy.
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