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ABSTRACT

Six herbal samples commonly used as medicine iGHamaian traditional health care system for theatment of
various ailments were analysed for 15 elements @as,Cl, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sb, Se, ¥ Zn) using
the highly accurate and sensitive INAA.. The madicor pharmacological roles of most of these eletmavere
discussed. Generally, Ca, Cl, Mg, P, and K werenfbin high concentrations while Na, Fe, Mn, Cu,ad Zn
were found in appreciable concentrations with As, Sb and V measured in traces. These base ligepiavide
justification for the medicinal usage of these tseib the treatment of different diseases. The teghlerefore,
showed that these herbs are enriched with mindeghents that could enhance the curative procesh loéalth.

Toxicologically, As and Sb were found within safets.
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INTRODUCTION

Africa has arguably one of the richest biodiversityd perhaps the rich complement of phytochemieald

secondary metabolites of plants in the world. Agsfrom these phytodiversities, plants have frorigaity been

used as sources of medicament against various rasnj&]. Nevertheless, in Northern Ghana as in mpast of

Africa, traditional medicine is still perceived b “Voodoo” and “Primitive” due to inadequate do@mtation on
the herbs used for this practice [2]. Decoctiongarcoctions and at times plasters of various peHriedigenous
medicinal plants are used in the treatment of waridiseases such as typhoid fever, malaria, heasaplhes, sore
throat, scurvy, catarrh, diabetes, burns, rheumagits.

In rural areas where access to modern healthtfasiis limited by the level of development, pldhésbs remain the
mainstay of the health care system [3]. In North®hana (mostly populated by rural dwellers), indiggs herbal
plants remain the fundamental form of medicineHealth care delivery largely due to the ultra psi@tus of the
populace. Ironicallyit is a taboo in some tribes to attend the inademnumber of already ill — equipped and distant
modern healthcare facilities available. The Ghamagevernment realising that these areas are basgpwed with
ample wealth of plant resources therefore, encas#te use of indigenous forms of medicine rathen £xpensive
imported pharmaceutical drugs [4, 5].

Due to the potential impact on human health, tharmplacological properties which are mainly attrilbute the
active phytochemical contents of these medicinestrba scientifically investigated in order to lecirédence to
their efficacy and potency [6]. Again, it is weBtablished that essential trace elements playyirgrortant role in
the formation of active chemical constituents pnése medicinal plants and are, in part, resposesilor their
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medicinal properties [7]. However, adequate quaing and qualitative knowledge of essential elencentent in
these medicinal plants which follow a dose — resparurve as shown in figure 1 is generally lacking.

Figure 1.0: Dose — response curve of every essehéement.
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Source: [8].

Moreover, recent development of the scavenge farcipus minerals (usually gold) through illegal and
indiscriminate surface mining popularly termed gmlamsy” which uses toxic chemicals for extractipnthe
populace within Northern Ghana, leaves much to bsired in the environment. Besides, due to the ever
increasing environmental pollution and industriafian, the World Health Organization (WHO) in a rhen of
resolutions emphasized the need to ensure thetyealntrol of plant products by using modern tegleis and
applying suitable standards [9]. Also, there igsurgence of interest in herbal medicine for thattnent of various
ailments, predominantly because aside the prowébitost of allopathic drugs, their unavailabilityremote areas,
but the popular belief that, naturally occurringghucts are without any adverse side-effects [10].

With this background, the present study was unilerntdo examine the elemental composition of fretjyamsed
(core) medicinal plants for the treatment of vasidlinesses in Northern Ghana. It is hoped that gtudy will
provide baseline data that will help define theedmtes of these medicinal plants for their saée A$so, elemental
characterization of these medicinal plants willveeas quality assurance for traditional health .carehis regard,
various techniques such as Atomic Absorption Spewttry (AAS), Inductively Coupled Plasma connected
Atomic Emission Spectrometry (ICP — AES) and Magseckoscopy (ICP — MS), X — Ray Florescence
spectroscopy (XRF) and Instrumental Neutron ActoratAnalysis (INAA) have been used for the analysis
elements in biological systems. Apart from the hitggree of specificity, accuracy and reliabilityttwimproved
sensitivity of INAA, it has add advantages of bée® from reagent blanks corrections, rare interfees, seldom

matrix and offers easy sample preparation [11].ddemompositional elemental assessment of some reotsl
plants used in Northern Ghana by INAA is justified.

MATERIALS AND METHODS

Sampling
The medicinal uses and scientific names of theshstidied, which were obtained in large municipathkat shops
of Northern Ghana (Tamale, Bawku and Bolgatanga)peesented in Table 1. About 2 kilograms of daath were

packed into clean polyethylene bags and transpddetie Neutron Activation Analysis Centre of thathnal
Nuclear Research Institute (NNRI), at the GhanamtoEnergy Commission, Accra, Ghana.
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Samples and Standard Preparation

At the NNRI, all the samples were milled into fipewer using a vibratory dics mill (Retsch RS 106) dhen
homogenized with a high-speed home- styled blendtér stainless steel blades. About five replicdteshe range
of 200 -250 mg) of each homogenized sample wereratdy weighed onto pre — cleaned polyethylenadil
wrapped and heat sealed. Standard reference nhd@tedah leave (NIST, 1547) was similarly prepardbsamples
and standards were then located in 7 ml polyetlejieals, stack with cotton and heat sealed fodiation.

Table 1. Classification of herbal plants and theimedicinal uses in Northern Ghana

Common name Scientific name Parts usec Medicired us
Stomach, gastrointestinal problems, anti-helmingnti-
malarial, laxative,
tiredness, cough, fever, appetite, worm infestatiwounds,
Neem Azadirachta indica bark vitiated conditions of kapha, vomiting, skin disess
excessive thirst, and diabetes
crawcraw, diuretic, mange, purgative / laxativesutmatism,
ringworm and other skin diseases, vesicant (t@ falisters).
Analgesic, Blood purifier, Appetizer, Digestive,irBtilant,
Ginger Zingiber officinale rhizome Sciatica, Asthma, Cough, Rheumatism, Muscular feub
Chronic bronchitis.
Purgative, poultice to sores, headaches, pilesrdesore
Moringa Moringa oleifera leaves throat, bronchitis, eye and ear infections, scumatarrh,
control glucose levels and reduce glandular swellin
burns, abrasions, anti-inflammatory agents, pepier,
analgesic, antiviral, anti-bacterial and antifungal

Bitter leaf tree Vernonia amygdalina roots

Linn Jatropha curcas seeds

Aloe vera Aloe barbadensis Miller leaves

Irradiation and Counting

Irradiation of samples and standard were accongdistia the Pneumatic Rabbit System, operatingpaéssure of
0.6 MPa within the inner (No. 2) irradiation chahoné Ghana'’s research reactor, operating at halfgyo Short,
medium and long irradiations schemes were perforimedther to determine the varying half — lives of
radionuclides present. Decay and counting time® waried depending on their half lives. The radides were
assayed for their activities using a computer -ebammma — ray spectroscopy system.

Table 1 Classification of radionuclides based oniadiation time (t;), half — live (T1/), cooling time (t) and counting time (t).

____Radionuclide it T ty te
ZAL %A/ #'Mg, *Ca,*Cl 30s-2min  2-10 min 1-5min 300 s
*Mn, #Na,“K, ®Cu,*'sr, 10 min min - hours 10 min-1 hr 600 s
®As, 12D, 1hr hours — days 1 -2 days 1hr
®ICr, °Fe, **zZn, "°Se 6 hr days — years 3 days — 1 month  12Mrhr

RESULTS AND DISCUSSION

The accuracy and reproducibility of the analyticadthod for this facility has previously been repdrby various
authors using different analytical standards [53,14]. It was generally established that thesussd elements are
mostly within 10% of their certified values indiocal a good agreement between these measured \ahdethe
reported values from the issuing agencies for tiséeedards. Elemental concentrations in the vafigubs studied
were calculated using the relative method of statidation in INAA with NIST, 1547 Peach leave as an
appropriate multielemental comparator standard. ddta from these calculations were statisticallgleated using
statistical packages (SPSS version 16 and Microsgftel 2010) from which graphs were drawn for easy
comparison. The results of elemental concentrdtogls of these herbs are presented in Table 3eams malues
with their associated uncertainties in the measargsexpressed as the absolute standard deviatssadlon five
replicates.

Table 3 shows that the core herbal plants geneeah ayjood source of most mineral (essential arad}ralements
which can be transferred to humans through the &aéh on consumption of these plants or their déaons. Some
of these elements from a medical point of view argortant constituents of a wide variety of complex
pharmacologically active phytochemicals (i.e. lyenge, glulation, aphrodisiac, vitamins, alkaloitfctones,
flavonoids etc.) that could protect the human bfsdyn various diseases and help develop defence aneshs for
combating various ailments by boosting the immupstesn. However no single herb is enriched withthé#
essential elements. This assessment to a largaderbeplains, the synergical use of these herbsrdwitional
medicine practitioners in Northern Ghana for theatment of various ailments. It therefore showst tha
combination of these herbs (plants) hold tremengwosnise in providing the variable secondary melitgsoand
mineral supply that could enhance the curative ggoof ill health [15].
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Table 3: Concentration levels of elements in six fierent herbal samples analysed by INAA

Elements Vernonia amygdalina Azadirachta indica Jatropha curcas Zingiber officinale Moringa oleifera Aloe barbadensis Miller

1g/100g
As ND ND 13.76+0.02 5.13+0.01 ND 15.42+0.06
Sb 71.445.3 ND 10.8+1.9 23.9+3.5 41.9+7.1 62.0+8.6
Se 25.31+2.01 19.51+1.98 ND 11.39+0.84 21.38+0.72 4.63+0.47
\Y 53.17+1.41 ND 75.28+3.01 107.36+5.11 36.2+1.24 ND
mg/kg
Cu 8.75+0.09 12.13+0.36 18.50+1.41 10.03x0.11 a2 21.05+1.81
Fe 511.87+7.28 78.59+2.53 53.07+0.97 462.73+6.15 6.334:3.01 173.29+2.04
Mn 129.19+7.11 153.1+.6.0 183.90+7.21 117.66+4.9€ 7.08+2.52 81.74+1.81
Na 714.4+15.1 571.18+14.32 648.8+14.88 139.8+7.1 8.%£39.8 419.4+12.06
Cr 64.07+2.91 1.09+0.01 ND ND 13.74+0.63 ND
Zn 61.02+4.12 41.95+2.96 17.98+1.83 35.46+2.01 @GH3774 24.63+1.99
mg/g
K 7.19+0.05 10.52+0.81 1.941+0.011 5.31+0.05 8.4180 3.682+0.026
Mg 1.671+0.013 5.409+0.068 0.827+0.01C 2.06+0.04 9780.36 3.13+0.01
P 0.813+0.031 3.94+0.04 3.28+0.03 1.75+0.01 2.4330. 0.097+0.003
Ca 2.17+0.03 18.97+0.42 7.521+0.064. 14.13+0.36 302 2.69+0.01
Cl 1.11+0.01 0.417+0.007 0.084+0.001 1.041+0.004 970+0.003 0.841+0.002

All the herbal samples showed high concentratidn€ay C1, K, Mg and P with concentrations rangirgnf Cl
(0.084+0.001) mg/g iMatropha curcagJ. curca$ to Ca (18.97+0.42) mg/g iAzadirachta indica(A. indicg.
Hence, they are the most abundant (major or maagmhents in the leaves, barks, seeds and steneihetbs.
These elemental concentrations are well within eanfjother medicinal plants reported by other angthin6, 17].
Histographic comparisons of means of these maaraaiés present in all the herbal samples are shovigtre 2.
Figure 2 shows that, out of six samples studied, tfean concentration of Ca, which were of the oafeA.
indica,> Moringa oleifera(M. oleiferg > Zingiber officinale(Z. officinalg, particularly recorded the highest out of
the five macroelements identified.

Macroelements in herbal samples
20

18 |
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Concentration of elements in mg/g

Azadirachta indica

Vernonia amygdalina

latropha curcas Zingiber officinale Aloe barbadensis
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Figure 2. Figure 2 shows varying Macroelemental caentration levels in herbal samples

Ca is required for the absorption of dietary vitarBi, for the synthesis of the neurotransmitterdcholine, for the
activation of enzymes such as the pancreatic lypake recommended daily allowance of Ca for childign
between 500 and 1000 mg and for adults 800 mg1®B,It is also the main constituent of the skatetmd also
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very important in regulating many vital cellulartiaities such as nerve and muscle function, horrh@ations,
blood clotting and cellular mortality [20]. The deasing order of the observed K in the herbal sasmplasA.
indica > M. oleifera> V. amygdalina> Z. officinale> Aloe barbadensis MillefA. barbadensijs> J. curcas K
(10.52+0.81) recorded the second highest concéonirdt is accumulated within human cells by théiarc of the
Na, K- ATPase (sodium pump) and it is an activaosome enzymes; in particular co-enzyme for norgnaivth
and muscle function [21]. The biological roles #rand Ca are essential for disease prevention anttat and
may, therefore, contribute to some of the trad@lanedicinal influences of the plants [15].

The concentration of Mg ranged from 0.827 to 8.9¥/gnwhile that of P was from 0.097 to 3.94 mg/g. Mg
considered the most important mineral for strefisfrdts chief function in the body includes boméneralization,
building of proteins, and transmission of nerve usp and maintenance of teeth. Magnesium deficieesylts in
renal failure, acute diarrhoea and protein—calonglnutrition [14]. P is primarily an intercellulalectrolytic
(cation) element that is responsible for maintagrtdalance in extra-cellular fluid of the human bokliedicinally, P
is a source of strength, vitality and it helps e tmaintenance of cardiac rhythm. Cl (0.084 — 1rhg)g in
combination with Na and K are important elementstf® maintenance of acid—base equilibrium andsohatic
pressure of body fluids [21].

Again, it can be seen in Table 3 that, concentnatior minor (micro) elements such as Cu, Fe, Mm, G, and Zn
were found in the medium range of Cr (1.09+0.01)kmdn A. indicato Na (714.4+15.1) mg/kg i¥. amygdalina
Similar orders of magnitude of some of elementstirer plants were reported by Choudhury et al] §i®l Debrah
et al., [6]. Pictorial representations of the meafnthese microelements are shown in figure 3.

Microelements in Herbal Samples

700 +

600 -

W Vernonia amygdalina

u

(=]

=]
I

M Azadirachta indica

W Jatropha curcas

400 -
m Zingiber officinale

m Moringa oleifera

300 - M Aloe barbadensis Miller

Concentration of elements in mg/kg

200

100 -

Cu Fe Mn Na Cr Zn

Figure 3: Concentration of Microelements in herbalsamples.

Figure 3 portrays that, Na is the predominant efgrire most of the herbal samples analysed wheteasdnverse
is true for Cu (8.75 — 21.05) mg/kg, Zn (17.98 <-78) mg/kg and Cr (1.09 — 64.07) mg/kg which wasdeiected
in A. barbadensisZ. officinaleandJ. curcassamples. Zn is involved in the working of genetiaterials, proteins,
sperm production and development of foetus andrphaologically responsible for healing of woundshibking
antioxidant properties and immune reactions [22h (d41.74 — 183.90) mg/kg, which was present in epipble
concentrations in most of the samples, is thoughtdrk synergistically with Zn for several importasnzymatic
processes. These are responsible for reducing ueikdtability and eliminating fatigue [23, 24].uGs essential to
the human body because it forms an essential coempari many enzymatic systems, such as cytochrodigase,
lysyl oxidase and ceruloplasmin, an iron-oxidizarzyme in blood.
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Cu, V, Fe, Mn and other trace elements may be resiple for the effective treatment of cold, coughrvine tonic
and also enhance body resistance to many dise25gHjgh Fe (511.87+7.28) mg/kg content particulamy.
amydgalinacould explain the use of this herb in treatingr&oh and gastrointestinal digestive problems. H is
constituent of haemoglobin, myoglobin and a nundfemzymes. However excess intake can lead toeitio Cr

is asscociated with the maintenance of blood symarention of arteriosclerosis and control of elstérol levels. It
is also suggested that Cr has a potential benkfiniioxidant effect in patients with type 2 diaggivhen combined
with Zn and Cu supplements [26].

Arsenic (As) which was not detected in three ofdamplesV. amygdalinaA. indicaandM. oleiferg was found in

traces. From the toxicological point of view, thencentration of Arsenic in the detected herbal dasis below the
daily intake tolerance level of 2 ug/day/kg bodyigie set by the World Health Organization; hencgaitnot cause
any undesirable effect. Comparatively Sh and Sé;wtould not be determined A& indicaandJ. curcassamples
respectively, were also measured in traces forother samples. Se (25.31 — 11.39) ug/100g, furstas an
antioxidant, quenching of radicals and is imporiarthe formation of glutathione peroxidase. A ¢arscrutiny of

Table 3 shows that these potential toxic elemerdeevalso measured in traces. There is howeverndbd for

further research into quantifying other toxic orntgugially toxic elements such as Hg, Cd, Ni andifdther to

establish the safe use of these herbs.

Even though, these elements have been categongedniajor, micro and trace elements, all the hedaahples
have varying degree of concentrations of the safeenents in any category. This variation in elemkenta
concentration can be directly linked to the diffezes in the mineral composition of the soil in whthe plants are
grown. Other contributory factors for these vada#i in the elemental concentrations are attributedhe
determining role played by the environmental caadg (type of soil, pollution, industrial regionseuof pesticides
or fertilizers), climatological conditions and théferential elemental uptake by the respectivenfddrom the soil
[18, 27, 28].

CONCLUSION

The essential elements in six herbal samples tkat@nmonly used in Northern Ghana for the treatroémarious

ailments has been detected and quantified by INBénerally, the results showed that, Ca, Cl, P, kig & were

present in high concentrations in all the herbahgas. Cu, Fe, Mn, Na, Cr and Zn were found in apigble

concentrations while As, Sb, Se and V were pregernitaces. These elements play very important nol¢he

formation of active chemical constituents presenttie herbs samples and are, in part, responsivlghgir

medicinal properties. The results therefore, shbat the studied herbal samples are well enrichedaious

degrees with essential elements for human usedateeobtained in present study which serve as jashoa of the
general practice of traditional medicine within Marn Ghana will be useful in understanding therpiaaological

action of medicinal plants, also these data wilphie defining the dose rates as well as in thelssis of modern
drugs.
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