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ABSTRACT

Introduction: Triphala churna (TPC) is one of the well known Ayurvedic powdered preparations of Indian Sys-
tem of Medicine and is used in the treatment of various diseases. Elemental pattern of TPC was developed
in order to investigate the identity and quality of commercial TPC drugs. Method: Inductively coupled plasma
mass spectrometry (ICP-MS) was used for the quantitative determination of ten essential and trace elements
in five marketed samples of Triphala churna. The concentration patterns of these elements were deciphered by
multivariate statistical analysis such as hierarchical cluster analysis (HCA), fuzzy c-means (FCM) and k-means
(KM) cluster analysis. Results: The elemental concentrations ranged from 1.3 mg/kg (Cr, TPC3) to 14220 mg/kg
(K, TPC4). The elemental fingerprint of Triphala churna was established based on three churnas viz. TPC1, TPC3
and TPC5, which were found in one cluster with a very high degree of similarity by KM, FCM and HCA tech-
niques. Conclusion: Based on the results, the graphical pattern of elements detected in these samples can be
considered as elemental fingerprint of Triphala churna and can be used for authentication and/or to determine

the quality of commercial TPC drugs.

Key words: Triphala churna, Ayurvedic Drugs, Elemental Fingerprint, Inductively Coupled Plasma Mass Spec-
trometry, k-Means, Fuzzy c-Means, Hierarchical Cluster Analysis

INTRODUCTION

According to the estimations of World Health Or-
ganization (WHO), around 80% of the world popu-
lation still primarily rely on herbal drugs.' Herbal
drugs are gaining popularity worldwide, and there
are many branded and unbranded formulations are
available for therapeutic and cosmetic uses.>® But,
the cases of adverse health consequences caused by
the use of herbal medicines have also been increas-
ing simultaneously.*> One of the reasons for this is
the large number of adulterated and spurious drugs
released into the market. Hence, the pharmacognos-
tical screening consists of macroscopic and micro-
scopic fingerprinting of herbal drugs is given prefer-
ence in scientific studies. But, in recent years, a new
method called “Elemental Fingerprint Analysis” was
proposed to solve this problem.®"

Several inorganic minerals are usually taken by
plants for nutrition but about twenty five elements
are identified as essential for optimal growth, devel-
opment and reproduction of plants, called “bioess-
ential” The bioaccumulation of non-essential ele-
ments (As, Cd, Hg, Pb, etc.) by plants are probably
due to contaminated soil and other environment
factors. Many factors influence nutrient uptake for
plants such as climate, atmospheric depositions, the
concentrations of metals in soil, the nature of soil on
which the herbs are grown and the degree of matu-
rity of plant at the time of harvest." > However, each
plant species maintain a certain balance of absorp-
tion of various elements due to their genetic nature.
So, the uptake and bioaccumulation of elements, es-
pecially essential elements by plants are distinctive.

Consequently, the elemental pattern of each drug is
characteristic with respect to the ingredients in it and
it can be easily found that each herbal medicine is
corresponds with a unique fingerprint pattern. So,
the identity and quality of herbal medicines can eas-
ily be evaluated with the help of fingerprint. Based on
this concept, various studies have been carried out on
inorganic element patterns of medicinal drugs, me-
dicinal plants, food and crops, etc., for provenance or
region of origin of the samples.®’ Infact, a few stud-
ies have been reported on Ayurvedic drugs based
on inorganic elemental fingerprints.”® In view of this,
the concentration of elements present in Triphala
churna of different manufacturers were analyzed us-
ing inductively coupled plasma combined with mass
spectrometry (ICP-MS) and pattern in element con-
centrations were deciphered by hierarchical cluster
analysis (HCA), fuzzy ¢ means (FCM) and k means
(KM) cluster analysis.

Triphala is a herbal blend which is popularly used in
the Ayurvedic system as a general health tonic and
also for treating a variety of disease conditions. It
is generally used to improve overall body health as it
improves digestion and metabolism. It is a mixture
of equal proportions of three dried fruits, Terminalia
chebula Gaertn Retz. (haritaki, Combretaceae), Ter-
minalia bellirica Roxb. (bibhitaki, Combretaceae) and
Embellica officinalis Gaertn. (amalaki, Euphorbiaceae).
Triphala is mainly used in case of weak digestion and
constipation and it is also used when excess acid is
released in stomach. It is used as a blood purifier to
increase red blood cell count as well as hemoglobin
count. It is also prescribed in conditions like diabetes,
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hepatitis, alzheimer’s disease, glaucoma, conjunctivitis and some inflam-
matory conditions."*!*

MATERIALS AND METHODS

Sample collection

The analyzed Triphala churna drugs were procured from registered
Ayurvedic shops at Visakhapatnam, India. The batch number, date of
manufacture (DoM) and date of expiry (DoE) are recorded and kept
available in the Central Research Laboratory, GIT, GITAM University,
Visakhapatnam, India. The brand names were blinded and coded in se-
quential order (i.e. TPC1, TPC2, TPC3, TPC4 and TPC5).

Experimental and Instrumental Details

The analyses were performed on PerkinElmer NexION™ 300 ICP-MS
system using low flow concentric Nebulizer & Cyclonic spray chamber.
The analysis was carried out by Kinetic Energy Discrimination mode
(KED mode) using Helium (He) as collision gas to remove poly-atomic
interferences. Detailed instrumental parameters are tabulated in Table 1.

Sample Preparation

The dried herbal samples were accurately weighed (0.25 gm) and
digested using HNO, and H,O, in a microwave digestion system. The
final volume was made up to 25 ml using ASTM type I water (Milli Q
Water).

Chemicals and Standards

Working standard concentrations of 1, 5, 10, 25, 50, 100 pg/l were
prepared by a serial dilution of PerkinElmer Pure Plus multi-element
standard with concentration of 10 mg/l whereas higher standard concen-
trations were prepared at mg/kg level for metals, Na, K, Mg, Ca and Fe.
A calibration blank was prepared in 2% nitric acid (Supra-pure, E- Merck)
medium with ASTM type I water.

Statistical Analysis

The analysis has been carried out by the pattern recognition methods
such as hierarchical cluster analysis (HCA), k-means (KM) and fuzzy
c-means (FCM). These methods are implemented in MatlabR2010a for
windows. The data is presented by a data matrix Z in which rows consti-
tute the samples and the columns constitute the elements of the samples.

Hierarchical Cluster Analysis (HCA). Most hierarchical techniques fall
into a category called agglomerative clustering. It is an unsupervised
classification procedure that involves a measurement of the similarity
between objects to be clustered, which seeks to build a hierarchy of
clusters.”> ¢ The results of hierarchical clustering are usually presented in
a dendrogram.

KM Analysis. The k-Means algorithm is widely used due to its efficiency.
It is an iterative algorithm which optimizes of its objective function and
results the classification of data or objects.””**

The objective function is given as

V=YY |z, -v[ (1)

i=1 k=1

2
Where ||zk - v,." is the Euclidean distance calculated between k" object,
Z, and i" centroid, v..

FCM Analysis. The fuzzy c-means (FCM) algorithm is one of the most
widely used methods in fuzzy clustering.'®* It is also an iterative algorithm
which optimizes of its objective function and results the classification of
data or objects. In this method a membership value ranged from 0 to 1 is
assigned to each object by using a membership function. This feature
enables that every object belongs to every cluster with various membership

grades or values. U =[y, ] ., represents the membership matrix of Z.
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The objective function is given as

m\w_,in{](Z;U,V) = ii(,uik )" ||zk - v,."i} whereU e M f, ~(2)
Uy i=1 k=1
here

c N
M, ={Ue9t‘“V 11, €[0,1], Vioks Y 1, =1,Vk;0< Y i, v,}
i=l k=1 ..(3)
me[l,00) is a weighting parameter that determines the degree of fuzzi-
ness, V=[v,,v,,--,v.] where v,eR" is a vector of (unknown) cluster
prototypes (centers). The prototypes, the membership function and the
distance metrics are calculated by the equations given below i.e. (4), (5)

and (6) respectively.

N
Z(Mk )"z,
v, = ":;07 ..(4)
Z(ﬂik )y
k=1
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we=| 3| B[ 8
ik = D]-kA
Diz,(A =||zk —vi"i =(z, —v,,)TA(zk -v,) ...(6)

where1<i<c¢, 1<k<N,

RESULTS AND DISCUSSION

At present, there are many methods in the determination of inorganic
elements, one of which is ICP-MS used for the quantitative determination
of ten essential elements including four macronutrients (Na, K, Ca and
Mg) and six micronutrients (Fe, Zn, Cu, Mn, Cr and Ba) present in five
different branded TPC drugs. Data are expressed on a dry weight basis.
The levels of these elements are summarized in Table 2 and their con-
centrations in five Churnas are in the range of Na (456 - 762 mg/kg),
Mg (948 - 998 mg/kg), K (11057 - 14220 mg/kg), Ca (1888 - 2729 mg/

Table 1: Instrumental parameters of ICP-MS

ICP-MS System Parameter

RF power 1600 Watts
Plasma gas flow 17 1/min
Aucxiliary gas flow 1.2 /min
Nebulizer gas flow 1.0 I/min

Nebulizer Glass concentric
Spray chamber Cyclonic
Sample/Skimmer cones Nickel
Scanning mode Peak hoping
Detector mode Dual mode

Calibration Linear through zero
Number of sweeps 20
Dwell time 50 ms
Number of readings 1
Number of replicates 3
KED gas flow (He) 3.0 ml/min
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Table 2: Concentration of elements in various marketed Triphala churna drugs

Concentration (mg/kg)

Element
TPC1 TPC2 TPC3 TPC4 TPC5 Range
Na 762 490 456 541 529 456 - 762
Mg 998 960 987 988 948 948 - 998
K 12930 11057 13230 14220 12480 11057 - 14220
Ca 2536 2672 2721 1888 2729 1888 - 2729
Cr 2.7 5.1 1.3 3.8 2.1 13-5.1
Mn 45.2 22.8 32.9 29.2 27.6 22.8 - 45.2
Fe 1026 357 668 711 730 357 - 1026
Cu 7.5 6.0 4.3 5.2 4.2 42-75
ZIn 16.1 16.2 19.6 16.5 17.1 16.1 - 19.6
Ba 16.8 14.8 15.2 16.1 14.2 14.2 - 16.8
; ] —a— TPC1
18000 - TPC 14000 - A
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Figure 1: Elemental fingerprint of Triphala churnas drugs

kg), Cr (1.3 - 5.1 mg/kg), Mn (22.8 - 45.2 mg/kg), Fe (357 - 1026 mg/kg),
Cu (4.2 - 7.5 mg/kg), Zn (16.1 - 19.6 mg/kg) and Ba (14.2 - 16.8 mg/kg).
As expected, it was found that macronutrients are detected in all TPC
samples at g/kg levels as they are commonly present in all plants in good
quantities called ubiquitous, while micro-essential elements are detected
at mg/kg levels. Among these elements, the bio-accumulation of K has
the maximum concentration as found in TPC4 of all samples analyzed,
which is 14220 mg/kg and the second highest accumulated element is Ca
with concentration of 2729 mg/kg (TPC 5) whereas Cr was noticed to be
the least accumulated element of 1.3 mg/kg (TPC3).

The graphical representation of content distribution of 10 elements
among five Triphala churna brand samples were tested in this study is
shown in Figure 1. The established element fingerprint is made by plot-
ting metal (increasing order of atomic number) against the respective
metal concentration on the x and y axes, respectively. Although a similar
elemental pattern was noticed in all Triphala churna brands, the curves
of TPC1, TPC3 and TPC5 samples are in good agreement and over-
lapped (Figure 1b), but, a slight deviation was observed in case of TPC2
and TPC4 samples (Figure la). An unknown churna sample was also
tested and used to compare peak shape of Triphala churna. Interestingly,

Pharmacognosy Journal, Vol 9, Issue 1, Jan-Feb, 2017

its elemental pattern was significantly differed with TPC samples (Figure 1a).
This may be due to Triphala churna and unknown drug samples tested
in this study are different kind of formulations. So, it is an indication that
the elemental fingerprints are directly correlated to the ingredients used
in drug formulation.

The observed minimal difference among TPC samples in Figure la of
present study cannot be explained by using classical second order statistics
(mean and covariance). In such cases, cluster analysis is recognized as
an important technique to measure the degree of similarity between
two individuals i.e. classifying data, finding clusters of a dataset based
on similarities in the same cluster and dissimilarities between differ-
ent clusters (groups). Many algorithms for clustering are available,
wherein, hierarchical (HCA), fuzzy ¢-Means (FCM) and non-fuzzy
k-Means (KM) algorithms are most popular and widely used.'? There-
fore, these clustering techniques were applied for pattern reorganization
computations of Triphala churna drugs.

HCA Analysis

HCA of samples was performed using the selected chemical descriptors
as variables, squared Euclidian distance metric as a similarity measure-
ment. Samples from different clusters are shown in Figure 2a and it shows

119



Venkata et.al.: Elemental Fingerprint of Triphala churna

Table 3: Acquired results of KM and FCM cluster analysis of different Triphala churnas

Samples KM FCM
Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3
TPC1 314.1691 1.4941 e+03 2.0125 e+03 0.9400 0.0388 0.0212
TPC2 1.8804 e+03 3.2784 e+03 0 3.3470 e-05 1.1158 e-05 1.0000
TPC3 402.0439 1.2973 e+03 2.1961 e+03 0.8803 0.0890 0.0306
TPC4 1.5511 e+03 0 3.2784 e+03 1.0306 e-04 0.9999 2.3125 e-05
TPC5 417.5629 1.9331 e+03 1.4728 e+03 0.8832 0.0429 0.0739
Figure 2a. HCA cluster analysis Figure 2b. HCA dendrogram
1500
v 1ot §
1400 F
1Ew S
: ; 1300
14 5 O ' 1200 F
13 O 1100
T 1000 F
900
B00 -
700+
BO0 -

940 400

]

1 3 8 4 2

Figure 2: HCA cluster analysis and dendrogram of five TPC samples

a clear discrimination between samples. Based on Figure 2a, Triphala
churnas are categorized into 3 groups i.e. TPC1, TPC3 and TPC5 were
composed as a single cluster while other two samples (TPC2 and TPC4)
were found as different clusters and away from main cluster.

The dendrogram (a binary tree) on the right in Figure 2 is the final result
of the cluster analysis, with 4 nodes (Figure 2b). Interpretation of the
structure of data is made much easier based on dendrogram as there are
three samples (TPC1, TPC3 and TPC5) that are fairly close with high
degree of similarity, while other two samples (TPC2 and TPC4) shows
more than 50% dissimilarity and also, they separate with a large jump
in the clustering levels. As a result three clusters of samples are yielded
i.e. (TPCI1, TPC 3, TPC 5), (TPC 4) and (TPC2), which can be labeled
types 1, 2 and 3 respectively. In other words, the samples are categorized
as given below.

TPC1 TPC2 TPC3 TPC4 TPC5
1 3 1 2 1
KM and FCM Analysis

The obtained results of KM and FCM analysis are summarized in Table
3. Interestingly, the results were obtained in both methods are same. The
samples were categorized into three clusters by these methods, which
are similar to HCA analysis and numbered as clusterl, cluster2 and
cluster3. The first cluster comprises of TPC1, TPC3 and TPCS5, followed
by a second cluster of TPC4 and TCP2 as a third cluster. The samples in
cluster1 were found to have a high degree of similarity, giving the values of
314.1691 (TPC1), 402.0439 (TPC3) and 417.5629 (TPC5) in KM method,
while 0.9400 (TPC1), 0.8803 (TPC3) and 0.8832 (TPC1) values in FCM
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method. The sample TCP4 was assigned to the cluster2 in both KM and
FCM methods by giving the values of 0 and 0.9999, respectively, while
TCP2 was found in cluster3 by giving the values of 0 and 1.0000, respec-
tively (Table 3).

Thus, it can be concluded that there are three TPC drugs (TPC1, TPC3
and TPC5) having a high degree of similarity based on HCA, KM and
FCM clustering techniques. Further, it corresponds with the proposed
graphical representation (elemental pattern) in Figure 1b and can be
considered as the elemental fingerprint of Triphala churna, which helps
to evaluate its identity and quality.

CONCLUSION

In brief, HCA, KM and FCM clustering techniques are effectively used
to distinguish the TPC samples. Similar results were noticed in all three
methods and found to have a high degree of similarity in between samples
of TPC1, TPC3 and TPC5, which suggest that their elemental pattern
i.e. the graphical representation that was proposed in this study is the
final elemental fingerprint of Triphala churna (Figure 1b). In addition,
the proposed statistical analysis (HCA / FCM / KM) is a simple and useful
tool for the development of proper elemental fingerprints of herbal
medicines. Therefore, this method can be extended to the other herbal
medicines, which may have wide potential applications in their identifi-
cation and quality control.
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SUMMARY

Triphala churna is a commercially important polyherbal preparation and being
used in Ayurveda since ancient time.

Five marketed samples of TPC were subjected to ICP-MS analysis for the
determination of ten essential and trace elements.

The increasing order of elemental concentrations is Cr < Cu < Ba < Zn < Mn
<Fe <Na<Mg<Ca<K

The elemental fingerprint of TPC was established based on HCA, KM and
FCM clustering technigues.

The proposed statistical analysis is a useful tool to extend to other herbal
drugs for the development of proper elemental fingerprints.
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