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INVESTIGATION OF INORGANIC CONTENTS OF SOME DIURETIC
PHARMACEUTICAL HERBS GROWING IN TURKEY BY THE X - RAY
FLUORESCENCE EMISSION - TRANSMISSION (E - T) TECHNIQUE
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Abstract

A radioisotope excited X-ray fluorescence Emission - Transmission (E -T)
technique was applied for the determination of inorganic contents of some diuretic
pharmaceutical herbs growing in Turkey. Folia Betulae, Stylus Maydis, Flores
Verbasci, Equisetum Arvense and Flos Helichrysi herbs which are widely used by
public at the cure of kidney diseases were investigated. The study was based on
advantages of the XRF E - T method by means of the neglectable enhancement effect
and analysis without reference material. An annular source of Cd-109 (3.7 MBq ) was
employed for excitation of characteristic K X-rays of the elements in the herbs. Herb
samples were prepared in dry and wet forms for the method .The leaching ratios of
the elements in these herbs in the period of steeping were calculated. Toxic elements
in the considerable amount were not found. It was observed that the other element

contents in the dry and wet forms are different.
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Introduction

Energy dispersive X-ray fluorescence (EDXRF) is widely used for the
elemental analysis of biological materials. But, this technique has some complexities
for quantitative analysis because of interelement and /ore matrix effects'? . Therefore,
special attention must be given to overcome the matrix effects in any specimen for
which accurate quantitative results are required. Absorption effect is the most
important factor resulting from the absorption of both the incident radiation and the
characteristic X-rays from the elements in the samples and should be taken into
account. Enhancement effect is important but can be neglected in light element
matrices such as biological samples* . In such cases, only absorption effects contribute
significantly. Further, for samples of low atomic numbers, the detection limits for
different elements can be improved by determining an appropriate sample thickness.
Because, the characteristic X-ray intensity of the trace elements in a sample increases
as a function of the thickness only up to certain thickness. Beyond this thickness, the
intensity of scattered exciting radiation increases, which in turn decreases the peak -
to- background ratio’ . In biological samples, measurements are usually carried out
using thick samples in the form of pellets.

Selection of specimen thickness for optimum detection limits of different
elements in biological samples was discussed by Kumar et al®. They had used
fundamental parameters for the matrix absorption correction. The experimental
determination of the absorption correction due to the matrix composition was
checked by comparing it with theoretical estimates for a cellulose matrix which is
more or less identical with the biological matrix. The suitability of this method was
further checked by determining trace element concentrations in different NIST
biological standards.

Yawen et al. had described a method for direct determination of trace
elements in light element matrices. The intensity of Compton scattering of the

incident X-rays from the specimen was used to determine the apparent absorption

factor for direct correction for matrix effects’.
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In this study, the X-ray fluorescence E-T method was used for determining the
trace elements in five diuretic pharmaceutical herbs namely Folia Betulae, Stylus
Maydis, Flores Verbasci, Equisetum Arvense and Flos Helichrysi growing in Turkey
which are effectively used for treatment of kidney diseases by the public. It was
shown that standardless XRF E - T method is suitable for light element matrix of
biological samples . In this method, the concentrations of the elements in the samples
were determined via matrix absorption factors of the elements. Only a thick target
consisting of Ca, Ti, Mn, Zn, Se, Zr compounds and cellulose was required for
obtaining the efficiency curve of the Si(Li) detector. It is standardless, convenient and

precise method for determination of trace elements in low atomic number matrices.

Theoretical

The fundamental equation of the E-T method is

I, =10G0€(Ei)KiClmpfabs Y]
where,
I, is the characteristic x- ray intensity of the element i,
I is the intensity of primary radiation ,
Gy is the geometric factor,
g(E;) is the detector efficiency at E; fluorescence energy of element i,
K; is a factor which depends on excitation of element i (K; contains all the
fundamental parameters),
C; is the concentration of the element i in the sample,
m, is the sample thickness (mass per unit area in g/em?) and
fas is the absorption correction factor.
The absorption correction factor is given as follows:

l—exp[— X(E)mpl
Jon, = X(E)mp

@

where,
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X (E) is the apparent absorption factor given by

X(E) = W(E;) cosecy; + u' (Eg)cosecy; .
Here, p(E;) and p'(Eo) are the mass absorption coefficients of the specimen for the
characteristic radiation of energy E; and the primary radiation, respectively. y; and y,
are the incident and take off angels for the instrument geometry, respectively.
The product of X(E) and my, is written as

I
X(Eym, = fn(ﬁ'_—llsj s 3)

where,
I3, L™ and I, are the fluorescent intensities from the sample, from the sample plus

target and from the target, respectively.

Experimental

Five diuretic pharmaceutical herbs such as Folia Betulae, Stylus Maydis,
Flores Verbasci, Equisetum Arvense and Flos Helichrysi growing in Turkey were
selected. They were commercially obtained in the form of dry tea bags.

In this study, the X-ray fluorescence E -T method was applied firstly for
investigating the inorganic contents of this type of herbs. Qualitative and quantitative
analysis of these herbs in either dry or wet forms were realised.

Dry herbs were grinded. A large number of pellets of 300 mg with the
diameter of 31.7 mm from each herb powder were prepared under a pressure of 15
ton/inch? . For drug tea analyses, herbs were steeped for ten minutes in boiling water,
and then filtered. A specific amount from each teas was added to 1.0 g pure cellulose
and dried. Pellets of 300 mg were prepared from these samples of five herb teas with
cellulose.

The region of intermediate thickness is 1.02 k 20.1 (k=X(E)m,) $forthe E- T
analysis., X(E) was determined by taking the w(E) and p'(Ep) values from
literature®. As a result, X(E)=15.07 em’/g , m, = 0.038 g/em’ and k = 0.57 were

calculated. Finally, this k value is suitable for the intermediate thickness .
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A Cd-109 (370 MBq) excitation source was selected for providing 22 to 25
keV primary beam energies. Its x-ray lines are located slightly above the absorption
edge of the elements in the herbs.

Measurements were performed with an energy dispersive XRF spectrometer
consisting of a Si(Li) detector with resolution of 180 eV at 5.9 keV connected to a
Canberra - 85 MCA and interfaced to an IBM-PS/1 computer. Comparative XRF
spectra of dry and tea samples of Folia Betulae herb is given in Fig. 1. The net peak

intensities belonging to five herbs were calculated using an AXIL software program.

Results and Discussion

The absorption factors belonging to elements in the herbs were calculated by
using Eq.3. The concentrations of the elements were determined employing these
absorption factors in Eq.1. The results of analysis of dry herbs and herb teas by using
the XRF E-T method is given in Table 1.

K : Among five dry herb samples, the maximum concentration of K was 11.4
% . The highest concentration of K was in Stylus Maydis. In the five herb tea samples
the maximum concentration of K was 4.96 % in the Folia Betulae.

Ca : Among five different dry herb samples, Ca concentrations were between
3.87% - 0.44 % . The highest value was in Folia Betulae. In the five herb tea samples,
Ca concentrations were between 0.81% - 0:09 % . The highest value was in Folia
Betulae tea.

Mn : In dry herb samples, Mn was detected in Folia Betulae, Equisetum
Arvense and Flos Helichrysi. Concentrations were between 177 ppm - 16 ppm . The
maximum. Mn value was in Equisetumn Arvense. In the herb tea samples, Mn was
only detected in Equisetum Arvense as 75 ppm.

Fe : The concentrations of Fe were between 535 ppm - 218 ppm in the dry
samples . The highest value was in Stylus Maydis. In the herb tea samples, Fe
concentrations were between 112 ppm - 76 ppm. The maximum concentration of Fe in

the drug teas was also in Stylus Maydis.
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Fig. 1. XRF spectra of dry and tea samples of Folia Betulae

Cu : Among five dry herb samples, Cu concentrations were between 15 ppm -
12 ppm value was in Equisetum Arvense and Stylus Maydis. In the herb tea samples,
Cu values were between 11 ppm - 9 ppm . The highest of them was in Flos
Helichrysi and Stylus Maydis.

Zn : Zn concentrations were determined between 32 ppm - 9 ppm in the dry
herbs. The highest value of Zn was in Stylus Maydis. In the herb teas, Zn was
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detected in Folia Betulae, Stylus Maydis and Flores Verbasci between 9 ppm -10
ppm.

Br : Br concentrations were between 43 ppm - 73 ppm in the dry samples. The
maximum Br value was in Folia Betulae. In the tea samples , Br concentrations
were between 43 ppm -69 ppm. The highest value was in Folia Betulae.

Rb: Rb concentrations were between 16 ppm - 25 ppm in the dry herbs . The
maximum Rb value was in  Stylus Maydis and Equisetum Arvense. Rb
concentrations were between 10 ppm - 18 ppm in the tea samples .The maximum
value was in Equisetum Arvense.

Sr : Strontium concentrations were determined between 9 ppm - 150 ppm in
the dry herbs . The maximum value was in Folia Betulae. In the herb tea samples,
concentrations were between 2 ppm - 57 ppm. The maximum Sr was in the Folia
Betulae.

Zr : Among five dry herb samples, the concentrations of Zr were determined
between 4 ppm - 6 ppm. In the tea samples ,these values were between 2 ppm. - 4

Conclusion

Trace elements are very important in medicine for the human health . We
don’t have enough and satisfactory knowledge of the trace element contents of plants
using as drug. If we achieve these initial goals, there will be some more areas
requiring investigation of trace elements . Trace element contents of plants using as
diuretic, cardiotonic, expectoran etc. may be effected by several factors such as soil
composition, plant species and maturity and the choice of part.

It was observed that this type of herbs were not investigated for human health
in detailed and probable negative effects for human body were not determined
adequately in Turkey. Folia Betulae, Stylus Maydis, Flores Verbasci, Equisetum
Arvense and Flos Helichrysi herbs are widely used by public at the cure of kidney

diseases tra ditionally and randomly.
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Table 2. The leaching ratios of the elements in the herbs (%)

Element Herb

Folia Betulae  Stylus Maydis  Flores Verbasci Equisetum Arvense Flos Helichrysi
K 46 42 58 61 Iy
Ca 21 20 23 24 38
Mn - - - 42 -
Fe 40 21 19 18 40
Cu 75 73 83 60 85
Zn 59 28 91
Br 95 96 100 92 98
Rb 57 44 50 72 75
Sr 37 33 27 24 18
Zr 100 60 50 50 50

Ten elements were determined in flora, folia and herba of five diuretic herbs
growing in Turkey by using energy dispersive x-ray fluorescence spectrometer.

In these herbs which are used in the cure of kidney diseases , toxic elements
were not found in the harmful concentration ratios. The leaching ratios of elements in
these herbs were calculated in the period of steeping for ten minutes (Table 2.). It
was observed that the element contents in dry and wet forms are found different.

Such data may be useful in the study of nutrition and public health from the
view of trace and toxic elements.

Our further studies will be oriented to the standardisation of this method in

order to control of the results determined.
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