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Abstract

Ayurvedic herbal formulations are a good source of several nutrient elements essential for metabolic processes.Pragya-peya, a herbal
drink and its 12 herbal constituents have been analyzed for 7 minor (Al, Ca, Cl, Mg, Na, K, P) and 15 trace (Ba, Br, Co, Cr, Cs, Fe, Hg, La,
Mn, Rb, Sc, Se, Th, V, Zn) elements by instrumental neutron activation analysis (INAA). The method involves thermal neutron irradiation
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in a reactor followed by counting at several intervals. Also Cd, Cu, Ni and Pb contents were determined by atomic absorption sp
(AAS). Elemental data were validated by simultaneously analysing reference materials (RMs) such as mixed Polish herbs (INCT-M
peach leaves (SRM-1547). Sample homogeneity was tested by analysing samples from three different batches collected at differ
Pragya-peyahas been found to be especially rich in several nutrient elements such as Ca, K, V, Fe, Mn, Se and Zn whereas no single
is enriched in all the nutrient elements. Concentrations of elements are discussed vis-á-vis their medicinal/therapeutic uses. Several elem
such as Na, K, P, Ca, Fe, Co, and Zn seem to be well correlated in 12 constituent herbs.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

There are ample evidences of herbs being used in the
treatment of diseases and for revitalising body system in al-
most all ancient civilizations[1–5]. Plants were the main-
stay of many medicines having mystical and almost super
natural healing power. There are many references to the cu-
rative properties of several herbs in the ancient Indian liter-
ature,Rigveda, though a more detailed account is found in
theAtharvavedafrom whereAyurveda, the Indian traditional
health care system (ayus= life, veda= knowledge, meaning
science of life) originated. Fairly comprehensive informa-
tion about herbs has been recorded in two treatisesCharak
SamhitaandShusruta Samhita—a base for Ayurvedic sys-
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tem of medicine[6,7]. Looking to the importance of herbs
Compendium of Indian Medicinal Plants in six volumes
been published[8]. Herbs play a significant role in mo
ern times, when the damaging effects of food proces
and over medication have assumed alarming propor
These are now being increasingly used in cosmetics,
as well as alternative medicine[9]. Besides lipids, protein
and carbohydrates required for human growth, supply o
timum quantities of inorganic micronutrients is also es
tial [10,11]. Several micronutrients such as Cr, Mn, Fe,
Zn, etc. constitute a small fraction of our diet and play
important role in metabolic processes. Their excess o
ficiency may disturb normal biochemical functions of
body [12]. Two main criteria considered for essentiality
elements are: first, its absence from diet results in d
ture from normal growth and metabolism; and second
replacement of an element may suppress pathological s
toms[10].
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The composition of biological systems is so complex
that the trace elements are totally masked by major con-
stituents and hence difficult to determine[13]. Some tech-
niques, widely used in trace element analysis are atomic
absorption spectrophotometry (AAS)[14], energy disper-
sive X-ray fluorescence (EDXRF)[15], electro thermal
atomic absorption spectrometry (ETAAS)[16], inductively
coupled plasma-atomic emission spectrometry (ICP-AES)
and mass spectrometry (ICP-MS)[17]. Each one of these
has one’s own advantages and limitations with regard
to accuracy, precision, sensitivity and specificity. Instru-
mental neutron activation analysis (INAA), a versatile
multielemental analysis technique is ideal for analysing
complex biological samples, including medicinal herbs
[12,18].

Several workers from different countries have reported
the analysis of medicinal herbs of their respective coun-
tries. Obiajunwa et al.[19] and Fakankun et al.[20] deter-
mined essential and trace element contents of some Nige-
rian medicinal plants. Serfor-Armah et al.[21] determined
concentrations of seventeen elements (Al, Ba, Br, Ca, Cl,
Co, K, Mn, Mg, Na, Rb, Sb, Sc, Se, Ta, V and Zn) in five
medicinal plants used in Ghana. Vega-Corrillo et al.[22]
reported elemental distribution in medicinal plants used in
folklore medicines in Mexico. Orlova et al.[23] of Russia
d ate-
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sis. Soltyk et al.[28] determined macro- and microelements
Ca, Cr, Cu, Fe, Mg, Mn, Mo, P, Se and Zn in multimin-
eral and multivitamin preparations and in pharmaceutical raw
materials. Razic et al.[29] from Yugoslavia analysed trace
elements inEchinacea purpurea, herbal medicine. Kist et
al. [30] determined 32 elements in five species of medic-
inal plants by NAA, proton activation analysis (PAA) and
emission spectral analysis (ESA). In a recent study, Zaidi
et al. [31] have reported trace element evaluation of some
medicinal herbs whereby variation in trace element con-
tents of same species from different origin were attributed
to ecological and geographical variations. Singh and Garg
[32] determined 20 essential and toxic elements (As, Ba,
Br, Ca, Cl, Co, Cr, Cu, Fe, K, Mn, Mo, Na, P, Rb, Sb, Sc,
Se, Sr and Zn) in Ayurvedic Indian medicinal herbs using
INAA. Rajurkar and Damame[33] determined 14 elements
in some medicinal plants used in the treatment of cardiovas-
cular disease and urinary tract disorders. Balaji et al.[34]
determined essential elements in Ayurvedic medicinal leaves
by INAA.

In the present study, we have analysedPragya-peya, a
herbal drink, and its 12 herbal constituents for 26 essential
and toxic elements by INAA and AAS. It is taken as tea or
with milk. It is often recommended for cold and cough and
widely used as nervine tonic and stimulant. It preserves en-
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etermined Cu, Zn, Mn and Cr in raw medicinal plants m
ials by ICP-AES after autoclave preconcentration. In re
ears, much attention has been paid to the analysis o
itional Chinese medicines by using a variety of analy

echniques[24–27]. Kanias et al.[4] of Greece determine
b, Cs, Cr, Fe, Eu, Rb, Sc, Sr, Th and Zn, in trace amo

n the leaves of the medicinal plantEuculyptus camaldulen

able 1
omenclature and medicinal uses of constituents ofPragya-peya

eneral name English name Family Botanical

agya-ghas Rosha grass Poaceae (Graminae)Cymbopogon
rjuna Arjuna bark Combretaceae Terminalia arj

ay leaves Bay leaves Lauraceae Cinnamomum

rahmi Bacopa Scrophulariaceae Bacopa monn

alchini Cinnamon Lauraceae Cinnamomum
ennel Fennel Umbellifereae Foeniculum v

agarmotha Nutgrass Cyperaceae Cyperus rotun

ed sandal Red sandal Leguminosae Pterocarpus s
hankhpushpi Shankhpushpi Convolvulaceae Convolvulus p

harpunkha Wild indigo Leguminosae Tephrosia pur

ulsi Sacred basil Lamiaceae Ocimum sanc

astimadhu Liquoric root Leguminosae Glycyrrhiza g
rgy, enhances vitality and memory, and also acts as safe
gainst body disorders. Local, English and botanical na
f all the constituents and their uses as described in liter

7,35]are mentioned inTable 1. In order to study variation i
atch products, elemental contents were determined in
atches collected over 1-year period at different inter
ome inter-elemental correlations were also attempted

Uses[1,7,35]

nanthus Heart disease, cough, colic, rheumatism, cold, fever, indiges
Heart and liver disease, cardiovascular system, styptic,
tuberculosis, cough, dyscrasia, fever, ulcer

a Asthma, abdominal disorder, diarrhea, diabetes, dyspepsia,
cough and anti-inflammatory
Skin disease, nervous disorder, memory enhancement, lepr
tuberculosis, anemia, cough, increases blood protein and RB
hepatoprotective

nicum Flu, indigestion, mouth wash, cough, heart disease
Fever, urine inflammation, thirst, dysentery, diarrhea, cholera
spleenomegaly, analgesic, brain tonic, antacid, kidney disea
Dyspepsia, skin disease, diarrhea, thirst, fever, stimulant, wo
healer, hair growth

us Cough, blood purifier, fever, headache, skin disease
lis Brain and heart tonic, reduces blood pressure and tension,

effective on thyroid high secretion, epilepsy, insomnia
Flatulence, indigestion, diarrhea, cough, asthma,
liver-spleenomegaly, oedema, leprosy, dyspepsia
Bronchitis, malarial fever, asthma, urinogenital disorder,
vomiting, indigestion, ear ache, dyscracia, hepatoprotective,
spermatopoitic, antibacterial, antituberculosis
Cough, vomiting, wound healing, haematemesis, thirst chole
skin disease, spermatopoitic, heart disease, epilepsy
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2. Materials and methods

2.1. Sample collection and preparation

Pragya-peya, a product of Shantikunj, Haridwar (India) is
a mixture of 12 herbs in different proportions. Three different
batches of samples were procured with a time interval of 6
months each in a year. All the individual constituents in dried
and raw form were procured from Shantikunj (Haridwar),
Yogi Pharmacy (Haridwar) and unbranded samples from
the local market. Its surface contaminants were wiped
with tissue paper and then useful parts were separated.
All the samples were dried in an oven at∼80◦C. The
samples were powdered in agate mortar and passed through
100 mesh sieve. RMs such as peach leaves (SRM-1547)
from the National Institute of Standards and Technology
(NIST), USA[36] and Mixed Polished Herbs (MPH-2) from
Institute of Nuclear Chemistry and Technology (INCT),
Poland [37] were procured and used as such. However,
these were dried as per recommended procedure before
use.

2.2. Irradiation and counting

An amount of 30–50 mg each of powdered samples and
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was made up to 25 mL. Ni, Cu, Cd and Pb were determined by
Atomic Absorption Spectrophotometer (GBC Avanta, Aus-
tralia) using a mixture of acetylene–air flame. The wave-
length and the sensitivities for these elements were 232 nm
and 0.04�g/mL; 324.7 nm and 0.025�g/mL; 228.8 nm and
0.009�g/mL and 217 nm and 0.06�g/mL, respectively. The
instrument was precalibrated using high purity grade salts of
respective elements.

3. Results and discussion

Mean elemental concentrations of 7 minor (Na, K, Ca,
Cl, P, Mg and Al) and 15 trace (Ba, Br, Co, Cr, Cs, Fe,
Hg, La, Mn, Rb, Sc, Se, Th, V and Zn) elements inPragya-
peyaand its 12 constituents, as determined by INAA using
short and long irradiations are listed inTable 2(A and B).
Also included in the tables are data for two RMs, along with
their certified values[36,37]. A comparison of our data with
the certified values shows that most elemental contents in
INCT-MPH-2 are in good agreement within±5% though
in some cases larger differences (up to±15%) are also ob-
served. On the other hand, for SRM-1547, most of our data
agree within±10% with a few exceptions. Similarly R.S.D.
values for most elements in both the cases are in the range
o ntal
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Ms were weighed accurately and packed in alkathene
luminium foil (super pure) for short (1 min) and long ir
iation (3 days), respectively. Irradiations were carried

n Dhruva reactor at the Bhabha Atomic Research C
re (BARC), Trombay, Mumbai, India, at a neutron flux
1013 n cm−2 s−1. Short lived activities were measured

ng a 80 cm3 coaxial HPGe detector (EG & G ORTEC) a
k MCA at the reactor site and later at the Radiochem
ivision of BARC, Mumbai. It is observed that up to 11
ments (Al, Br, Ca, Cl, K, Mg, Mn, Na, P, Ti and V) cou
e determined in a single irradiation of 1 min. Long irra
ted samples were brought to our laboratories in Roo
nd�-activity was measured using a 20% relative efficie
PGe detector with 8 k MCA and GENIE-2000 softw

Canberra, USA). Resolution of the system is 1.8 keV
332 keV of60Co. Counting was followed at different i

ervals up to 3 months. Irradiation and counting sche
ollowed and elements determined are the same as des
arlier[38]. Elemental contents were calculated by rela
ethod using RMs as comparators. Phosphorus was
ined by measuring�− activity due to32P in neutron ir

adiated samples on an end window G.M. Counter u
7 mg cm−2 aluminium filter after a delay period of∼20 days

39].

.3. AAS measurements

For the analysis of Cd, Cu, Ni and Pb by AAS meth
bout 2 g of each sample was accurately weighed and dig

n 5:1 mixture of nitric acid and perchloric acid[40]. After di-
estion, two to three drops of HCl was added and the sol
f ±5–10%. Therefore, it is presumed that the eleme
ata for the samples analysed here should be accura
recise within±5–10%. The concentrations of Ni, Cu,
nd Pb as determined by AAS are listed inTable 3. In order

o test homogeneity ofPragya-peya, three different batche
ere analysed. Though only mean values are report
ables 2(A and B) and 3but individual values are plotte

n Figs. 1 and 2. Also bar plots of inter-elemental corre
ions K/P, K/Na and Ca/P inPragya-peyaand its 12 herba
onstituents are shown inFigs. 3, 4 and 5, respectively. Som
rominent features of elemental contents and their varia
re discussed here.

ig. 1. Variation of elemental concentrations (Na, Mg, Al, P, Cl, K, Ca
ragya-peyafrom different batches.
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Table 2
Concentration of (A) minor and (B) some trace elements inPragya-peyaand its constituents
Sample Al (mg/g) Br (�g/g) Ca (mg/g) Cl (mg/g) Fe (�g/g) K (mg/g) Mg (mg/g) Na (mg/g) P (mg/g) V (�g/g)
(A) Minor elements
Pragya-peyaa 2.05± 0.27 9.18± 0.98 23.9± 1.3 2.71± 0.41 676± 176 9.37± 0.92 2.23± 0.41 1.02± 0.17 1.20± 0.04 2.78± 0.38
Aagya-ghas 1.08± 0.05 3.70± 0.30 2.50± 0.06 2.53± 0.23 940± 103 9.40± 0.74 <1 0.25± 0.02 1.40± 0.04 1.62± 0.03
Arjuna (bark) 0.38± 0.02 13.6± 1.5 102± 4 3.81± 0.41 203± 25 6.86± 0.52 1.97± 0.24 0.29± 0.09 0.55± 0.07 0.97± 0.02
Bay leaves 0.27± 0.01 2.30± 0.20 6.56± 0.21 0.14± 0.02 915± 109 9.18± 0.71 1.59± 0.11 0.09± 0.01 1.15± 0.01 <0.5
Brahmi 1.88± 0.86 35.5± 5.8 13.6± 0.8 4.76± 0.07 767± 453 14.6± 0.7 4.99± 0.58 0.28± 0.01 1.86± 0.03 2.78± 0.11
Cinnamon 0.13± 0.01 62.5± 6.0 5.46± 0.22 0.57± 0.04 922± 50 5.06± 0.61 1.13± 0.09 0.09± 0.01 0.70± 0.01 0.80± 0.02
Fennel 0.25± 0.05 35.0± 0.8 15.1± 0.1 4.88± 0.34 744± 20 20.0± 2.0 5.11± 0.42 1.69± 0.06 4.18± 0.34 1.09± 0.01
Nagarmotha 2.93± 0.10 21.7± 2.0 2.74± 0.10 3.23± 0.05 219± 15 8.27± 0.52 2.05± 0.09 1.06± 0.03 0.85± 0.05 5.19± 0.08
Red sandal 3.93± 0.20 13.9± 1.7 6.91± 0.75 6.12± 0.61 324± 16 6.08± 0.41 2.08± 0.20 2.61± 0.08 0.32± 0.03 4.52± 0.30
Shankhpushpi 2.55± 0.30 14.0± 1.7 11.5± 0.7 2.55± 0.04 283± 18 18.5± 0.6 4.79± 0.40 0.39± 0.02 0.97± 0.02 2.42± 0.08
Sharpunkha 1.83± 0.10 9.80± 1.20 10.4± 0.8 0.99± 0.12 217± 28 8.85± 0.63 2.59± 0.32 0.31± 0.03 1.92± 0.11 5.08± 0.19
Tulsi 0.24± 0.01 29.0± 1.0 20.9± 0.7 5.57± 0.25 160± 5 15.5± 0.6 3.72± 0.02 13.3± 1.8 2.92± 0.15 0.61± 0.01
Yastimadhu 0.40± 0.02 3.70± 0.30 12.6± 1.0 1.36± 0.07 610± 25 8.06± 0.52 4.77± 0.31 0.45± 0.04 0.70± 0.02 1.07± 0.08

SRMs
Mixed Polish herbs
(INCT-MPH-2)
INCT, Poland[37]

0.64 ± 0.04
(0.67 ± 0.11)

8.10 ± 0.45
(7.71 ± 0.61)

11.2 ± 0.8
(10.8 ± 0.7)

2.96 ± 0.32
(2.84 ± 0.20)

515 ± 50
{460}

18.7 ± 0.6
(19.1 ± 1.2)

2.88± 0.18
(2.92± 0.18)

0.41 ± 0.02
{0.350}

2.39 ± 0.03
{2.5}

0.82± 0.08
(0.95± 0.16)

Peach leaves
(SRM-1547) NIST,
USA [36]

0.28 ± 0.03
(0.25 ± 0.01)

12.3 ± 0.3
{11}

17.5 ± 1.5
(15.6 ± 0.2)

0.34 ± 0.02
(0.36 ± 0.02)

192 ± 16
(218 ± 14)

26.5 ± 2.0
(24.3 ± 0.3)

4.15± 0.35
(4.32± 0.08)

0.02 ± 0.01
(0.02 ± 0.01)

1.32 ± 0.13
(1.37 ± 0.07)

0.52± 0.05
(0.37± 0.03)

Sample Ba (�g/g) Co (�g/g) Cr (�g/g) Cs (ng/g) Hg (ng/g) La (�g/g) Mn (�g/g) Rb (�g/g) Sc (ng/g) Se (ng/g) Th (ng/g) Zn (�g/g)
(B) Trace element
Pragya-peyaa 37.7± 16.8 0.62± 0.09 1.56± 0.24 227± 16 44.8± 29.8 1.69± 0.94 87.8± 10.9 10.5± 3.3 273± 91 126± 51 115± 6 34.5± 4.0
Aagya-ghas ND 0.77± 0.10 6.70± 0.02 214± 14 38.5± 2.5 0.89± 0.02 201± 13 12.2± 1.2 238± 9 ND 322± 17 56.9± 6.0
Arjuna 55.2± 11.0 0.13± 0.01 1.10± 0.21 85.4± 8.0 49.2± 6.4 2.65± 0.22 7.45± 0.50 11.8± 0.5 39.8± 2.1 96.4± 19.3 253± 44 26.5± 0.1
Bay leaves ND 0.72± 0.10 1.90± 0.01 ND 39.4± 2.6 0.68± 0.03 440± 19 17.7± 1.8 180± 17 ND 355± 38 47.0± 5.0
Brahmi 79.4± 46.7 0.84± 0.12 3.97± 2.04 526± 41 168± 17 2.48± 0.22 134± 24 28.5± 5.0 411± 91 512± 72 422± 55 50.8± 0.4
Cinnamon 167± 6 0.83± 0.10 2.07± 0.01 ND 33.0± 7.0 0.74± 0.09 631± 30 14.4± 1.2 155± 21 ND 165± 14 48.0± 6.0

nel 10.7± 1.0 0.54± 0.10 1.50± 0.35 50.1± 4.7 70.4± 5.8 2.58± 0.23 72.3± 3.0 19.8± 0.9 161± 22 602± 52 213± 41 34.5± 4.4
Fen
 lysis
3
7
(2
0
0
5
)
6
3
1
–
6
3
8

Nagarmotha 40.7± 4.0 0.16± 0.01 1.22± 0.31 ND 53.0± 3.0 3.72± 0.44 140± 7 22.6± 2.3 372± 12 ND 305± 10 29.9± 0.1
Red sandal 53.6± 5.2 0.17± 0.01 1.47± 0.33 761± 68 40.0± 4.0 3.36± 0.05 48.4± 2.1 14.9± 1.5 747± 105 ND 104± 12 35.7± 0.2
Shankhpushpi ND 0.23± 0.01 0.95± 0.22 ND 31.0± 3.0 1.47± 0.07 71.8± 7.8 8.80± 0.90 336± 20 ND 515± 15 32.2± 0.1
Sharpunkha 57.7± 5.5 0.14± 0.01 1.53± 0.41 42.8± 4.3 25.8± 3.2 1.74± 0.04 82.1± 5.0 15.3± 1.6 369± 19 ND 70.0± 8.0 43.0± 0.2
Tulsi 68.0± 3.3 0.07± 0.01 1.23± 0.12 32.5± 3.5 115± 13 1.56± 0.16 40.5± 2.8 9.70± 0.41 127± 16 176± 10 22.5± 3.0 30.8± 4.1
Yastimadhu 20.0± 2.2 0.44± 0.04 2.10± 0.19 ND 18.8± 3.1 0.75± 0.19 19.8± 2.0 4.52± 0.11 153± 19 ND 229± 37 31.1± 1.0

SRMs[36,37]
Mixed Polish
herbs
(INCT-MPH-2)
INCT, Poland

32.6± 0.5
(32.5± 2.5)

0.25 ± 0.03
(0.21 ± 0.03)

1.78 ± 0.45
(1.69 ± 0.13)

64.5± 5.4
(76.0± 7.0)

ND 0.58 ± 0.02
(0.57 ± 0.05)

185 ± 10
(191 ± 12)

10.6 ± 0.7
(10.7 ± 0.7)

146 ± 14
(123 ± 9)

182± 16
(–)

171 ± 12
(154 ± 13)

32.7 ± 2.3
(33.5 ± 2.1)

Peach leaves
(SRM-1547)
NIST, USA

116± 4
(124± 4)

0.05 ± 0.01
{0.07}

1.27 ± 0.19
(–)

ND 35.0± 5.0
(31.0± 7.0)

9.37 ± 0.60
{9}

106 ± 6
(98 ± 3)

19.2 ± 0.1
(19.7 ± 1.2)

64.0 ± 5.0
{40}

ND 60.2 ± 5.0
{50}

20.5 ± 1.5
(17.9 ± 0.4)

ND, not detected; ( ) certified value;{ } information value.
a Mean of three different batches with SD of the mean.
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Table 3
Concentration of some trace elements inPragya-peyaand its constituents analysed by AAS

Sample Cd (ng/g) Cu (�g/g) Ni (�g/g) Pb (�g/g)

Pragya-peyaa 334± 34 14.7± 0.8 5.62± 3.43 3.79± 0.83
Aagya-ghas 184 15.0 2.78 1.52
Arjuna (bark) 195 3.80 0.61 0.79
Bay leaves 122 9.63 1.37 1.08
Brahmi 425 14.5 4.00 1.40
Cinnamon 240 4.46 ND 1.72
Fennel 86.1 10.9 1.46 0.95
Nagarmotha ND 3.77 0.76 1.58
Red sandal ND 6.85 1.54 1.71
Shankhpushpi 292 5.92 1.91 0.57
Sharpunkha 193 9.68 1.44 1.36
Tulsi 410 20.1 0.65 1.83
Yastimadhu 60.2 8.30 ND 1.70

SRMs
Mixed Polish herbs (INCT-MPH-2) INCT, Poland[37] 188 (199± 15) 7.92 (7.77± 0.53) 1.59 (1.57± 0.16) 1.80 (2.16± 0.23)
Peach leaves (SRM-1547) NIST, USA[36] 27 (26± 3) 3.59 (3.7± 0.4) 0.75 (0.69± 0.09) 1.01 (0.87± 0.03)

ND, not detected; ( ) certified value.
a Mean of three different batches with S.D. of the mean.

3.1. Test for homogeneity

In order to test the homogeneity of the batch products of
the herbal preparation, three different samples collected over
1-year period were analysed. A plot of minor constituents
(Na, Mg, Al, P, Cl, K and Ca) at mg/g level inFig. 1shows
very little variation with almost overlapping behaviour. Fur-
ther, the points corresponding to mean values vary in a small
range of±10%. Similarly bar plots of some trace elements
(Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Hg and Ba) inFig. 2also show
little variation in elemental contents of three batches (small
range of±10%) except for Fe, Mn, Ni and Hg, which vary
in a wide range. Such variations may be attributed to soil and
ecological variations under which the individual constituent
herbs must have been grown[31,34]. Thus, our observations
are in accordance with a recent study by Zaidi et al.[31]

F , Zn,
S

Fig. 3. Variation in K/P ratio inPragya-peyaand its 12 constituents.

Fig. 4. Variation in K/Na ratio inPragya-peyaand its 12 constituents.

ig. 2. Variation of elemental concentrations (Cr, Mn, Fe, Co, Ni, Cu
e, Hg, Ba) inPragya-peyafrom different batches.
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Fig. 5. Variation in Ca/P ratio inPragya-peyaand its 12 constituents.

where variation in elemental contents have been attributed to
ecological and geographical variations. In the present study,
all three samples were procured from the same source so
that large variation due to different geographical origin is not
expected.

3.2. Elemental contents in the herbal
preparation—Pragya-peya

It contains several nutrient elements in significant amounts
and in bioavailable form, easily digestible by our body
system. It is observed that Ca and K contents are higher
(≥10 mg/g) whereas those of Na, Mg, Al and P contents
are in a small range of 1–2 mg/g. All these are primarily
electrolytic elements responsible for maintaining balance
in extra-cellular fluid of the body. Besides, structural ele-
ments Ca, Mg and P are sources of strength and vitality
[41]. The human body needs Ca more than any other min-
eral as it stimulates enzymes in the digestive process and
coordinates function of all other minerals (daily dietary in-
take, 0.4–0.6 g of Ca). As already mentioned,Pragya-peya
has been found to be highly effective as a nervine tonic, for
curing cold and cough, and enhance body resistance agains
many diseases where trace elements such as Fe, Mn, Zn, Rb
V, Se, Cu, etc. may be responsible. It is most enriched in
F nto
t at
∼ or-
t limi-
n
s have
b
A envi-
r ,
t mits
[

3.3. Elemental concentrations in constituent herbs

Even thoughPragya-peyais a preparation of 12 con-
stituent herbs mixed in different proportions, each one of
which has its own medicinal importance in day-to-day life
(Table 1). Therefore, we have analysed each one of the herb
for all the elements. It is observed from the elemental data
in Tables 2(A and B) and 3that no single constituent herb is
enriched in all the elements. In general fennel seeds, most of-
ten used as a spice and mouth freshener[7,9] are enriched
in K, Mg, P and Se whereasbrahmi is most enriched in
Co and Rb besides Cd and Hg, which are essentially en-
vironmental contaminants[44]. Fennel seeds are available
in different varieties (small, medium and, thick) and recom-
mended as antacid, for treatment of urine inflammation, diar-
rhea and kidney disease. Its Se content (602± 52 ng/g) is of
special interest because of cancer preventive properties[43].
Also aagya-ghasis most enriched in Fe (940± 103 (g/g), Cr
(6.70± 0.02�g/g) and Zn (56.9± 6.0�g/g), which are es-
sential for enhancing vitality, regulating glucose metabolism
and enzymatic processes, respectively[10,11]. Surprisingly,
K concentration of most herbs is much higher than that of
Na except intulsi where these are in comparable amounts
(K/Na =∼1.2). Mg and Ca are major essential minerals in
bones and teeth. Ca is also involved in normal muscle (in-
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e (676± 176�g/g), an important mineral that enters i
he vital activity of blood and glands. Mn and Zn, found
90 and∼30�g/g level, respectively, are especially imp

ant for several enzymatic processes. These help in e
ating fatigue and reduce nervous irritability[10,11,41]. Of
pecial importance are V and Se whose compounds
een found to be antidiabetic[42] and cancer protective[43].
lso, some toxic elements such as Cd, Hg, Th, Pb are

onmental contaminants from soil and water[44]. However
he small amounts present are well within permissible li
45].
t
,

luding heart muscle) contraction and relaxation, blood
ing, proper nerve functioning, improvement in the body
une defense and in prevention of osteoporosis[41].Arjuna

s most enriched in Ca content (∼10%) and used widely i
any herbal preparations[9].
Many transition elements such as Cr, Mn, Fe, Co, Cu

n were found at varying concentrations (<1 to >900�g/g).
ost herbs contain Fe, >500�g/g, exceptarjuna, nagar-
otha, red sandal, shankhpushpi, sharpunkhaand tulsi
hich all contain Fe in a smaller range of 160–324�g/g.
n is another important element responsible for many
ymatic processes and is involved in the working of gen
aterials, proteins, immune reactions, wound healing, d
pment of foetus and sperm production[46,47]. Our studie
ave shown that Zn level in blood of diabetic patients is l
red[48]. In all the constituents, Zn content is found to

n the range of 26.5–56.9�g/g with the lowest and highe
ontents being inarjuna andaagya-ghas, respectively. Mn
s also an essential element required for various bioche
rocesses[47]. In most of the constituents, it is found to
200�g/g but inbay leavesandcinnamon, it is much higher
eing highest in cinnamon(631± 30�g/g). In Ayurvedic lit-
rature, cinnamonis recommended for flu, indigestion, cou
nd heart diseases[7,35]. Se content was generally found
g/g level in several constituents such asarjuna, brahmi,
ennel, andtulsi. Mercury is highly toxic, and environmen
ontaminant and found in the range of 18.8–168 ng/g
ighest content being inbrahmi[44,45]. This may be esse

ially due contamination from the soil. Many vanadium co
ounds have been described to possess therapeutic pro
pecially being used for the treatment of diabetes[49]. Vana-
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Fig. 6. Variation in Fe/Zn ratio vs. Fe concentration inPragya-peyaand its
12 constituents.

dium was also detected in all the constituents in the range of
0.5–5.2�g/g with highest content innagarmotha. The vari-
ation in elemental contents as observed in this study could
be due to preferential uptake of the elements by a particular
plant species from the soil. Therefore, soil characteristics to-
gether with environmental conditions play an important role
in the nutrients contents[50].

3.4. Inter-elemental correlations

In general, all the constituent herbs are enriched in K, P,
Na and Ca. Several literature reports suggest interrelation-
ship of various elements[14,51]. We have plotted K/P ra-
tio as shown inFig. 3. It is observed thatred sandaland
shankhpushpiexhibit K/P ∼19.0 whereas inarjuna bark
andyastimadhuit is in the range of 10–15 but in all other
cases it is <10. Therefore, it can be said that K content in
plant samples is∼10 times of P content. A plot of K/Na
ratio in Fig. 4 was drawn with wide variation in the range
of 1–100 being the highest inbay leaves(102). Only four
constituent herbs exhibit this ratio in a comparable range of
35–55. A plot of Ca/P, both structural elements, is shown in
Fig. 5. Most of the constituents exhibit Ca/P ratio in a nar-
row range (<10) exceptarjuna showing highest ratio (185).
Red sandal, shankhpushpiandyastimadhuexhibit a ratio of
∼

pro-
c
i io
s
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t s of
t tc. as
r b-
s
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t inal
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Fig. 7. Correlation between Fe and Co concentrations inPragya-peyaand
its 12 constituents.

ing various elements to the body in bioavailable form in a bal-
anced manner with almost no harmful effects[1,35] except
some environmental contaminants. These, however, should
be avoided by collecting herbs grown in a clean and well
controlled environment.

4. Conclusion

The concentrations of 26 minor and trace elements were
determined inPragya-peyaand its 12 constituent herbs by
INAA and AAS. The ranges of elemental concentrations have
been found to vary in a wide range of mg/g to ng/g in all the
samples. It has been observed thatPragya-peyais enriched
in Ca, K, Mg, P, Mn, Fe, Cu, Cr, Co and Zn. Further, K/P
ratio changes in a wide range of 4.6–19.1. Several interesting
correlations have been observed between Fe versus Fe/Zn, Fe
versus Co in all the herbs. It suggests that the concentration
levels of many elements in the herbs are strongly affected by
characteristics of plants as well as soil and climatic condi-
tions. The content of Cd and Pb, two most toxic elements, in
herbs may be attributed to their uptake from the soil polluted
by industrial and automobile activities. Besides the essen-
tial elements, the concentrations of several other elements
were also determined so as to obtain information about their
i sys-
t

A

Nu-
c ov-
e No.
2 V.K.
M m-
b

20.
Fe, Co and Zn, essential elements for biochemical

esses, are well correlated in our study ofPragya-peyaand
ts constituent herbs[29]. A plot of Fe versus Fe/Zn rat
hows linear relationship (Fig. 6) with r = 0.899, which is
ore like two clusters and represents somewhat poor

ionship. It may possibly be due to the fact that all part
he herbs are different, e.g. leaves, stem, bark, root, e
eported by Razic et al.[29]. An excellent relationship is o
erved between Fe and Co (r = 0.969) inPragya-peyaand its
2 constituents as shown inFig. 7. In general, it may be me

ioned that interrelationship of several elements in medic
erbs suggest synergistic or antagonistic effects, thus pr
ntake from the soil and their possible role in the body
em.

cknowledgements

Grateful thanks are due to the Board of Research in
lear Sciences (BRNS), Department of Atomic Energy, G
rnment of India, for financial assistance under Grant
000/37/5/BRNS/520. Sincere thanks are due to Dr.
anchanda, Head, Radiochemistry Division, BARC, Mu
ai, for permission to use their experimental facilities.



638 A. Kumar et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 631–638

References

[1] V.V. Sivarajan, I. Balachandran, Ayurvedic Drugs and Their Plant
Sources, Oxford & IBH Publishing Co. Pvt. Ltd., New Delhi, 1994.

[2] J. Zhou, G. Xie, X. Yan (Eds.), Traditional Chinese Medicines, Ash-
gate Publishing, Oxon, UK, 2003.

[3] R.P. Steiner, Folk medicine, in: The Art and the Science, American
Chemical Society, Washington, DC, 1986.

[4] G.D. Kanias, V. Kilikoglou, E. Tsitsa, A. Loukis, J. Radioanal. Nucl.
Chem. 169 (1993) 483–491.

[5] S. El-Mekkawy, M.R. Meselhy, I.T. Kusumoto, S. Kadota, M. Hat-
tori, T. Namba, Chem. Pharmacol. Bull. 43 (1995) 641–648.

[6] S.N. Parchure, Charak Samhita, vol. 1–3, Sagar Publications, Pune,
1983.

[7] P.V. Sharma, Dravya Guna Vigyan, Chaukhamba Bharati Academy,
Varansi, 1993.

[8] R.P. Rastogi, B.N. Mehrotra, Compendium of Indian Medicinal
Plants, vol. 1–6, Central Drug Research Institute/National Institute
of Science Communication, Lucknow/New Delhi, 1998-2002.

[9] H.K. Bakhru, Herbs that Heal Natural Remedies for Good Health,
Orient Paperbacks, Division of Vision Book Pvt. Ltd., New Delhi,
1998.

[10] A.S. Prasad, Essential and Toxic Elements in Human Health and
Disease: An Update, Wiley-Liss, New York, 1993.

[11] B.L. O’Dell, R.A. Sunde (Eds.), Handbook of Nutritionally Essential
Mineral Elements, Marcell Dekker Inc., New York, 1997.

[12] G.V. Iyengar, Elemental analysis of biological systems—biomedical,
environmental, in: Compositional and Methodological Aspects of
Trace Elements, CRC Press, Boca Raton, FL, 1989.

[13] H.G. Seiler, A. Sigel, H. Sigel (Eds.), Handbook on Metals in Clini-
94.

[ Bi-

[ nol.

[ harm.

[ 0.
[
[ ucl.

[ em.

[ S.
hem.

[ iron.

[ nal.

[ ucl.

[ 57.
[ 03)

[27] S. Li, N. Deng, J. Pharm. Biomed. Anal. 32 (2003) 51–57.
[28] K. Soltyk, A. Lozak, P. Ostapczuk, Z. Fijalek, J. Pharm. Biomed.

Anal. 32 (2003) 425–432.
[29] S. Razic, A. Onjia, B. Potkonjak, J. Pharm. Biomed. Anal. 33 (2003)

845–850.
[30] A.A. Kist, S. Mukhammedov, K. Tillaeva, N.B. Badalov, S. Omonov,

Soviet At. Energy 65 (1989) 695–698.
[31] J.H. Zaidi, I. Fatima, I.H. Qureshi, M.S. Subhani, Radiochim. Acta

92 (2004) 363–368.
[32] V. Singh, A.N. Garg, Appl. Radiat. Isot. 48 (1997) 97–101.
[33] N.S. Rajurkar, M.M. Damame, Appl. Radiat. Isot. 49 (1998)

773–776.
[34] T. Balaji, R.N. Acharya, A.G.C. Nair, A.V.R. Reddy, K.S. Rao,

G.R.K. Naidu, S.B. Manohar, J. Radioanal. Nucl. Chem. 243 (2000)
783–788.

[35] P. Paranjpe, Indian Medicinal Plants, Chaukhamba Sanskrit
Pratishthan, Delhi, 2001.

[36] Certificate of Analysis, Standard Reference Material 1547, Peach
Leaves, National Institute of Standards and Technology, USA, 1993,
5 pp.

[37] R. Dybczynski, B. Danko, K. Kulisa, E. Maleszewska, H.
Polkowska-Motrenko, Z. Samczynski, Z. Szopa (Eds.), Report Se-
rial No. 4/2002, Preparation and Certification of the Polish Ref-
erence material: Mixed Polish Herbs (INCT-MPH-2) for Inorganic
Trace analysis, Institute of Nuclear Chemistry and Technology, War-
saw, 2002, 55 pp.; J. Radioanal. Nucl. Chem. 259 (2004) 409–
413.

[38] A.N. Garg, A. Kumar, A.V.R. Reddy, A.G.C. Nair, J. Radioanal.
Nucl. Chem. 263 (2005) (in press).

[39] R.G. Weginwar, D.L. Samudralwar, A.N. Garg, J. Radioanal. Nucl.

[
[ and

SA,

[ i, M.

[
[
[ ent;

eim,

[ nts

[ 003)

[ anal.

[ eed-
(BI-

[ Cole

[ Nu-
cal and Analytical Chemistry, Marcell Dekker Inc., New York, 19
14] R.F.M. Herber, M. Stoeppler (Eds.), Trace Element Analysis in

ological Specimens, Elsevier, New York, 1994.
15] J. Daisy, M. Lal, H.N. Bajpai, P.K. Mathur, J. Food Sci. Tech

36 (1999) 264–265.
16] J. Scancar, R. Milacic, I. Falnoga, M. Cemazar, P. Bukovec, J. P

Biomed. Anal. 22 (2000) 993–1002.
17] Y.Y. Chan, S.C.L. Lo, J. Anal. At. Spectrom. 18 (2003) 146–15
18] R.H. Filby, Pure Appl. Chem. 67 (1995) 1929–1941.
19] E.I. Obiajunwa, A.C. Adebajo, O.R. Omobuwajo, J. Radioanal. N

Chem. 252 (2002) 473–476.
20] O.A. Fakankun, E. Oluyemi, O.A. Akanle, J. Radioanal. Nucl. Ch

169 (1993) 277–282.
21] Y. Serfor-Armah, B.J.B. Nyarko, E.H.K. Akaho, A.W.K. Kyere,

Osae, K. Oppong-Boachie, F.K. Osae, J. Radioanal. Nucl. C
250 (2001) 173–176.

22] H.R. Vega-Carrillo, F.Y. Iskander, A.E. Manzanares, Int. J. Env
Anal. Chem. 66 (1997) 95–105.

23] V.A. Orlova, T.V. Pleteneva, E.N. Vanivskaya, V.P. Baluda, Zh. A
Khim. 45 (1990) 29–35.

24] C.F. Wang, M.J. Duo, E.E. Chang, J.Y. Yang, J. Radioanal. N
Chem. 211 (1996) 333–347.

25] D.Y. Zhu, D.L. Bai, X.C. Tang, Drug Dev. Res. 39 (1996) 147–1
26] H.T. Feng, L.L. Yuan, S.F.Y. Li, J. Chromatogr. A 1014 (20

83–91.
Chem. 133 (1989) 317–324.
40] J. Zhang, Fenxi Kexue Xu Ekao 16 (2000) 55–57.
41] E.M.N. Hamilton, E.N. Whitney, F.S. Sizer, Nutrition: Concepts

Controversies, fourth ed., West Publishing Co., St. Paul, MN, U
1994.

42] B. Mukherjeem, B. Patra, S. Mahapatra, P. Banerjee, A. Tiwar
Chatterjee, Toxicol. Lett. 150 (2004) 135–143.

43] G.N. Schrauzer, Biol. Trace Elem. Res. 33 (1992) 51–62.
44] K. Chan, Chemosphere 52 (2003) 1361–1371.
45] E. Merian (Ed.), Metals and their Compounds in the Environm

Occurrence, Analysis and Biological Relevance, VCH, Weinh
1991.

46] M. Abdulla, S.B. Vohora, M. Athar (Eds.), Trace and Toxic Eleme
in Nutrition and Health, Wiley Eastern Ltd., New Delhi, 1993.

47] W. Guenther, P. Koniecznski, Anal. Bioanal. Chem. 375 (2
1067–1073.

48] A.N. Garg, A. Kumar, G. Maheshwari, S. Sharma, J. Radio
Nucl. Chem. 263 (2005) 39–43.

49] L. Marzban, J.H. McNeil, in: S. Enomoto, Y. Seko (Eds.), Proc
ings of the International Symposium on Bio-Trace Elements
TREL), 2002, pp. 108–112.

50] S.E. Manahan, Environmental Chemistry, fourth ed., Brooks/
Publishing Co., California, 1984.

51] E.J. Underwood, Trace Element in Human Health and Animal
trition, fourth ed., Academic Press, New York, 1977.


	Analysis of essential elements in Pragya-peya-a herbal drink and its constituents by neutron activation
	Introduction
	Materials and methods
	Sample collection and preparation
	Irradiation and counting
	AAS measurements

	Results and discussion
	Test for homogeneity
	Elemental contents in the herbal preparation-Pragya-peya
	Elemental concentrations in constituent herbs
	Inter-elemental correlations

	Conclusion
	Acknowledgements
	References


