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INTRODUCTION

ABSTRACT

These days elemental impurities are commonly present in active pharmaceutical ingredients, raw materials,
during the synthesis of compounds, drug excipients, finished products, equipment, containers and closures.
Inductively coupled plasma mass spectrometry (ICP-MS) is one of the advanced techniques to analyze
elemental impurities in drug substances. An ICP-MS method was developed and validated for testing 17
elements, namely, V, Co, Ni, As, Se, Ru, Rh, Pd, Ag, Cd, Os, Ir, Pt, Au, Hg, Tl, and Pb in zinc orotate dihydrate.
The samples were analyzed after diluting with concentrated nitric acid and concentrated hydrochloric acid.
Li, Y, T], Co and Ce were assigned tuning solutions to correct the baseline drift and matrix interference.
The RF power was 1550 W, RF matching was 1.80 V, sample depth was 8.0 mm, nebulizer gas flow was
1.01 L/min, nebulizer pump flow was 0.10 rps, spray chamber temperature 2°C, He flow rate was 4.3 mL/
min and the energy discrimination rate was 3.0 V. All 17 elements exhibited excellent linearity in their
testing range, with a coefficient of determination =0.9996. The limits of detection of the 17 elements
were within the range of 0.0004 to 0.00411 ppm. The intra- and inter-day precision (relative standard
deviation) was < 6.4%. The recoveries of the spiked standard for all elements were 88.5 to 108.2%. Among
the 17 elements of the zinc orotate dihydrate, the measured results of all the 17 elements were within
the specified range, and the results of all the elements were also satisfactory. The developed method
was simple, rapid, and effective. This method can be a powerful tool and imperative technology for the
quantification of compounds in drug substances and pharmaceutical industries.

Elemental contaminants may be present in drug
formulations that may arise from various products;
they may be residual impurities that may be added
deliberately in chemical synthesis or may be present
as contaminants.[!l These elemental impurities may be
produced by interactions with instruments/equipment
or packaging systems or by being present in compositions
of the drug substances.!?! Since elemental contaminants
do not produce any therapeutic activity, their levels in
the drug products should be present within the lowest
possible limits. [¥/ In some cases, they may also be produced
through acceleration by degradation of drug products.
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Inductively coupled plasma mass spectrometry (ICP-MS)
is an analytical technique that can be used to measure
elements at trace levels in pharmaceutical products. The
most significant application of ICP-MS is its multi-element
analysis, which allows multiple substances to be analyzed
simultaneously in a single run. [*! Elemental impurities
can be categorized into three classes, class 1, class 2A and
2B. The class 1 elements include, As, Cd, Hg, and Pb, are
human toxic elements that have no use or limited use in the
manufacture of pharmaceutical preparations. They may
be presentin drug products which are typically obtained
from commonly used materials such as excipients.!®!
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Determination of Elemental Impurities in Zinc Orotate Dihydrate by ICP-MS Method

The class 2A elements are: Co, Ni and V. Class 2A elements
have high access of extinction to drug formulations/
products and thus require risk assessment across all
possible sources of elemental impurities and routes of
administration.!”]

Class 2B elements have a lower accessibility of
existence in the drug products related to their decreased
abundance and reduced potential to be co-existence
with other materials. As a result, they may be eliminated
from the risk assessment unless they are deliberately
added during the manufacture of active pharmaceutical
ingredients, excipients or other components of the drug
formulations/product. The elemental impurities present
in class 2B include Ag, Au, Ir, Os, Pd, Pt, Rh, Ru, Se and TL.[8

Plants and animals utilize orotic acid mineral salts,
referred to as orotates, to produce DNA and RNA. Orotate
salts easily pass through cell membranes because
they are neutrally charged.[®! Higher concentrations
are produced as a result of the mineral salts being
transported by orotate into cells and tissues.[!”) Thymus
atrophy, cardiovascular disease, diabetes, hypogonadism,
low testosterone levels, low white blood cell counts,
osteoporosis and decreased immunity are the symptoms
of zinc deficiency and can be treated with zinc orotate.[!]
A deficiency of zinc has been associated to thymus
atrophy, a decrease in white blood cell count, and an
increased susceptibility to infection. Zinc is also essential
for immunological function.?! Numerous risk factors,
such as hypertension, hypertriglyceridemia, and insulin
resistance (syndrome X), have been associated with zinc
deficiency, including an increased prevalence of diabetes
and coronary artery disease. The chemical name of Zinc
orotate dihydrate (Fig. 1) is (2+) bis (2,6-dioxo-1,2,3,6-
tetrahydropyrimidine-4-carboxylate) dihydrate.!**]

Since the existence of diverse chromophores,
heterocycles and heterocyclic derivatives continue
to function as versatile molecules for the synthesis of
numerous natural products.'*>! Pyrimidine carboxylic
acid, also known as orotic acid, is found in a wide range
of naturally occurring products, including milk whey, and
acts as an intermediate in the biosynthesis of pyrimidine,
which is a necessary component of DNA and RNA.[16:17]
Furthermore, orotic acid can boost cardiac output and
aid in heart failure rehabilitation.'”18! It can also act as
a grostimulant in mammals and may help with calcium,
magnesium, and other critical nutrient absorption.[!>2%

Orotic acid has also been shown to lower bilirubin
levels in infants and to be effective in the treatment of
gout.[?!l Many orotic acid analogs exhibit remarkable
antitumor and antimicrobial activities.??! Some of them
also serve as enzyme inhibitors, thereby attracting the
attention of chemists and molecular biologists. Numerous
analogs of orotic acid display impressive anti-tumor
and anti-microbial properties. Chemists and molecular
biologists are interested in them since some of them also
act as enzyme inhibitors.[23]
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Fig. 1: Structure of zinc orotate dihydrate

Orotic acid formulated coordination network of formula
[Zn (HOr)-3H,0] , (1) prepared by reactions of orotic acid
potassium salt [K(H,0r)] accompanied by metal salts Zn
(OAc),-2H,0 at room temperature.[?* Preparation, X-ray
crystal structure, thermal behavior, and IR spectroscopic
studies of cis-diaquabis(1,10-phenanthroline) zinc (II)
diorotate hydrate are described.[? Zinc orotate (ZnOr,),
which is anew kind of poly (vinyl chloride) (PVC) stabilizer,
is prepared in this work through the precipitation method,
and its impact on the thermal stability of PVC is measured
by thermogravimetric analysis (TG), Congo red test, and
discoloration test.[?®] There are certain advantages of
ICP-MS in the current scenario in pharmaceutical research,
this method has excellent detection limits, this method
can estimate the total amount of an element in a sample.
ICP-MSis areliable and precise technique for determining
chemical binding, elemental composition, and oxidation
states. It is also crucial for assessing toxicity in water
quality control, pharmaceutical and medical analysis,
environmental analysis, and the food and beverage
industry. Excellent limits of detection in trace analysis,
multiple-element analysis for concurrent determining
almost all the elements in the periodic table, fast and
effective, semi-quantitative analysis can be determined,
ICP-MS can calculate isotopic ratios and perform analysis
via isotope dilution, samples that are liquid, solid, or
gaseous can be analyzed and it requires only a small
amount of sample for analysis.

MATERIALS AND METHODS

Chemicals and Reagents

The chemicals utilized for the study were procured from
standard suppliers: such as conc. nitric acid (69%) obtained
from Honey well trace analysis, conc. hydrochloric acid
(35%) procured from Fisher Scientific Trace Analysis,
and tuning solutions used were procured from Inorganic
Ventures ICP-MS grade. The standards such as arsenic,
cadmium, cobalt, iridium, lead, mercury, nickel, osmium,
palladium, platinum, rhodium, ruthenium, selenium,
silver, thallium, vanadium, were procured from Inorganic
Venture and Gold standard belonging to Acc standard.

Instruments Used

The instruments and equipment used for the study were
an Agilent ICP-MS 7800 series (Software Mass Hunter),
an analytical balance radwag AS 82/220.X2, micropipette
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Table 1: Instrument parameters

Method Method
Parameters - Parameters -
condition condition
Plasma condition Octopole condition
Rf power 1550w~ Cnersy 30V
discrimination
Rf matching 1.80V Acquisition parameters
Sample depth 8.0 mm Acq mode Spectrum
Nebulizer gas flow 1.01 L/min  Peak pattern 3 points
Nebulizer pump 0.10 rps Replicates 3
Spray chamber o .
temperature 2°C Sweeps/Replicate 100
Mode He Integration time/  0.0999
Mass (sec) sec
He flow on Number of 17
Masses
He flow rate 4.3 mL/min

Table 2: Tuning solution

Standard solution 1 ppb mixture of Li, Y, T], Co and Ce

tuning solute
7,89, 205, 58 and 140
NMT 15% (Li, Y, T1 / Co)

Expected m/z
RSD limit

brand 20,200, 1000 pL and a microwave digester milestone
ETHOSUP 17092516. Table 1 represents instrument
parameters Table 2 represents tuning solutions.

Preparation of Diluent (2% v/v HNO; and HCL)

The diluents 20 mL of conc. nitric acid (69%) and conc.
hydrochloric acid (35%) was transferred into a 1000 mL
volumetric flask, and the flask previously rendered with
500 mL of purified water and the volume was adjusted up
to the mark with purified water.

Preparation of Standard Mix Stock Solution

The required volumes of each element 1000 ppm
concentration were pipetted out and transferred into a
50 mL volumetric flask and the made up to the volume
with diluent and mixed well. The required volumes of each
element 1000 ppm concentration were pipetted out and
transferred into a 50 mL volumetric flask and the made
up to the volume with diluent and mixed well.

Preparation of Standard Linearity Level Solutions
The required volumes of standards were pipetted out
and transferred individually into a separate five 10 mL
volumetric flask and the volume was adjusted up to the
mark with diluent and mixed well. The concentration was
mentioned respectively in ppb and labeled as calibration
standard level -2 to 6.
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Preparation of Sample Solution

The sample of about 0.2 g was weighed accurately
and transferred into a clean and dried microwave
digestion 5 mL capacity sample insert vessels and
2.0 mL of concentrated nitric acid and 1-mL concentrated
hydrochloric acid were added, and the vessels were closed
and kept for pre-digestion for 30 minutes on bench top,
then the vessels were kept inside the microwave digester
following program conditions.

Condition Temperature (°C)  Hold (min) Power (W)
Ramp 190 0-15 900
Constant 180 20 800

After completion of microwave digestion, the vessels were
cooled at room temperature and the sample solution was
transferred into 25 mL volumetric flasks, the vessels
were washed with a portion of 10 mL purified water and
transferred to above volumetric flasks then the volume
was made up to the mark with purified water and mixed
well.

RESULTS AND DISCUSSION

System Suitability

A system suitability study was performed to interpret
the system precision, blank, and calibration. Standard
solutions were prepared as per the test method and
aspirated into ICP-MS system. The system suitability
parameters were calculated and observed to be within
the acceptable range.

Specificity

Specificity was performed using the blank, sample blank,
calibration standard solutions and unspiked test solution
as per the method of analysis were prepared and aspirated
into ICP-MS system. Elements response was evaluated and
the interference of blank and sample blank in each element
abundance was calculated.

Determination of LoD and LoQ

The detection limit and quantitation limit were performed
based on the residual standard deviation method by
aspirating six levels (5, 10, 25, 50, 75 and 100%) with
respect to the target level. The concentration of LoD and
LoQ of the solution was derived by using the formula and
the results were evaluated in Table 4. Mass spectrum
was evaluated for the limit of detection and limit of
quantitation level. The LoD level was confirmed by
aspirating the solution in triplicate and the precision was
determined at limit of quantitation level by injecting six
times a solution of spiked standard with the concentration
at LoQ level and the relative standard deviation of peak
response was calculated. The limit of detection and limit
of and quantitation value results are summarized in Table
3 and LoD and LoQ are represented in Fig. 2.
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Table 3: Detection limit and quantitation limit values

Element name Correlation coefficient

Vanadium (V) 0.99996 0.00093
Cobalt (Co) 0.99998 0.00038
Nickel (Ni) 0.99995 0.00222
Arsenic (As) 0.99976 0.00037
Selenium (Se) 0.99991 0.00227
Ruthenium (Ru) 0.99998 0.00076
Rhodium (Rh) 0.99999 0.00053
Palladium (Pd) 0.99997 0.00085
Silver (Ag) 0.99991 0.00226
Cadmium (Cd) 0.99998 0.00004
Osmium (Os) 0.99999 0.00054
Iridium (Ir) 0.99997 0.00084
Platinum (Pt) 0.99993 0.00135
Gold (Au) 0.99932 0.00411
Mercury (Hg) 0.99997 0.00024
Thallium (TI) 0.99961 0.00025
Lead (Pb) 0.99991 0.00008

s A St Observed LOQ in ppm
#—"0bserved LOD in ppm

—#—Correlation coefficient

Correlation coefficient

Cobalt (Co
Mickel [Mi
Gold (4u)

Wanadium [V,

Fig. 2: Represents LoD and LoQ of zinc orotate dihydrate

Method precision

The method precision of test method was analyzed by
evaluating six spiked test samples and aspirated into
ICP-MS system. The content of elemental impurities was
calculated in a sample. The RSD of six sample preparations
of each %elemental impurity were perceived to be within
the desired limit. The precision data for zinc orotate
dihydrate are summarized in Table 4 and method precision
is represented in Fig. 3.

Linearity

The linearity of test method was evaluated by preparing
the standard solutions of LoQ, 25, 50, 100, 200, and 300%
of the intended concentration and evaluated as per the
method. The correlation coefficient was observed to
be within the specified limit. The linearity results are
summarized in Table 5 and linearity curve is shown in
Fig. 4.
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Observed LoD in ppm

Observed LoQ in ppm
0.00282
0.00116
0.00673
0.00111
0.00689
0.00230
0.00161
0.00257
0.00686
0.00011
0.00164
0.00255
0.00409
0.01245
0.00073
0.00075
0.00023

Acceptance criteria

LoQ - NMT 30% of
Specification limit in ppm

Precision data for Zinc Orotate Dihydrate

W% RSD

Elements

Fig. 3: Method precision of zinc orotate dihydrate

Ruggedness

The intermediate precision of test method was evaluated
by analysing six spiked samples and aspirated into the
ICP-MS system. The study was performed on different
day and with different analyst. The content of elemental
impurities in sample was calculated. The RSD of six sample
preparation of each %elemental impurity were observed
to be within the specified limit. The ruggedness results
are summarized in below Table 6 and ruggedness is
represented in Fig 5.

Accuracy/Recovery

The accuracy of the method was evaluated by recovering
the element from spiked samples. Samples were prepared
by spiking the element class 1, class 2A and 2B with sample
atdifferentlevels ranging from LoQ to 300% of the target
concentration of known standards. The sample solutions
were prepared in triplicate at LoQ, 100, 200 and 300%
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Table 4: Precision data for zinc orotate dihydrate

Recovered concentration in %

Element name  pet, Met. Met. Met. Met. Met. %RSD
precision-1 precision-2 precision-3 precision-4 precision-5 Precision-6 Average
vanadium 110.0 111.5 111.4 110.4 111.6 112.7 111.3 0.9
Cobalt 100.6 102.4 102.6 100.9 102.3 103.1 102.0 1.0
Nickel 100.4 101.5 101.7 100.8 102.0 102.6 101.5 0.8
Arsenic 97.2 94.8 97.7 97.0 95.3 98.9 96.8 1.6
Selenium 100.6 99.8 98.9 95.6 102.7 101.9 99.9 2.5
Ruthenium 99.9 101.3 101.6 100.3 101.9 101.8 101.1 0.8
Rhodium 99.0 100.6 100.7 100.1 101.5 101.8 100.6 1.0
Palladium 98.8 101.3 101.5 100.5 101.3 101.5 100.8 1.0
Silver 93.2 95.1 95.1 94.2 94.8 95.8 94.7 0.9
Cadmium 95.9 97.7 98.6 98.8 99.7 98.5 98.2 1.3
Osmium 101.5 108.3 108.1 105.8 108.7 109.2 106.9 2.7
[ridium 101.1 103.4 103.6 102.6 103.6 104.4 103.1 1.1
Platinum 99.2 101.2 101.6 100.7 101.5 102.3 101.1 1.0
Gold 97.1 115.1 115.4 109.9 115.0 113.4 111.0 6.4
Mercury 97.0 101.3 101.6 101.1 100.3 101 100.4 1.7
Thallium 98.6 113.5 114.4 107.6 113.6 110.4 109.7 55
Lead 92.0 92.7 93.6 93.6 93.6 94.4 93.3 0.9

Table 5: Linearity data of zinc orotate dihydrate

Element name Correlation coefficient Squared.corre'lation Coefficient % Variation of bracketing standard solution
() for linearity levels Before linearity levels After linearity levels

Vanadium 0.99809 0.994 10 4

Cobalt 0.99996 0.999 0 4

Nickel 0.99992 0.999 1 5

Arsenic 0.99989 0.999 5 8

Selenium 0.99993 0.999 2 3

Ruthenium 0.99997 0.999 0 6

Rhodium 0.99992 0.999 3 1

Palladium 0.99997 0.999 1 5

Silver 0.99894 0.997 3 1

Cadmium 0.99989 0.999 4 2

Osmium 0.99993 0.999 2 9

Iridium 0.99995 0.999 4 0

Platinum 0.99996 0.999 4 0

Gold 0.99999 1.000 1 12

Mercury 0.99957 0.998 3 2

Thallium 0.99903 0.997 2 11

Lead 0.99994 0.999 3 2
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Table 6: Ruggedness values

Recovered concentration in %

for zinc orotate dihydrate

Element name  p¢, - Int. N Int. N Int. N Int. N Int. - Average % RSD
Precision-1 Precision-2 Precision-3 Precision-4 Precision-5 Precision-6
Vanadium 102.6 101.6 100.1 100.5 98.2 97 100.0 2.1
Cobalt 96.1 96.2 93.9 94.2 91.8 91 93.9 2.3
Nickel 96.4 95.4 93.2 93.7 91.2 90.4 93.4 2.5
Arsenic 92.9 96.7 89.5 91.3 89.5 89.7 91.6 31
Selenium 93.2 94.2 91.6 95.2 93.1 92.2 93.3 1.4
Ruthenium 96.4 96.3 93.9 94.5 91.3 91.3 94.0 2.4
Rhodium 97.5 97.1 95 95 93.1 92.1 95.0 2.2
Palladium 93.4 93.2 92.2 92.1 89 88.4 91.4 2.4
Silver 95.2 94.8 93 94.6 118.8 117.7 102.4 121
Cadmium 92 90.1 93.7 91.2 87.8 89.6 90.7 2.3
Osmium 92.1 93.4 93 95 87.4 86.4 91.2 3.8
Iridium 99.3 98.7 97.9 99.3 94.7 94.5 97.4 2.3
Platinum 98.6 98.3 97 97.6 93.8 93.6 96.5 5.6
Gold 83.8 96.3 98.3 96.5 96.3 94.6 94.3 5.6
Mercury 95.9 96.4 95.1 94.2 92.3 92.2 94.4 1.9
Thallium 84 94.7 97.3 95.7 99.4 98.2 94.9 5.9
Lead 90.1 91.2 89.3 88.7 91.9 94.3 90.9 2.2
—_— spiked levels and subtract the content from the unspiked
Meray sample. The accuracy results are summarized in Table 7.
p;;nL:E — ] Robustness
E p:::e: — e Effect of variation in stabilization time
2 _Rrodum =% The robustness of the analytical method was established

Sdenium

Arsenic
Nicke!
Cobalt
Vanadium

% RSD

Fig. 4: Represents ruggedness for zinc orotate dihydrate

Robustness

12 +

% RSD
=

n
|
|
|
|
|
|
|
|
|

W% RSD
recovery before sample

recovery after sample

Vanad ium
Ruthe nium
Rhodium
Pallad ium
Platinum
Thallium

Elements

Fig. 5: Robustness for zinc orotate dihydrate
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by its reliability against deliberate changes in instrumental
conditions and sample preparation. The test samples
were prepared spiked at specification level and analyzed
as per the method of analysis by changing the following
conditions like, variation in stabilization time (x 10%).
The system suitability parameters were evaluated and
the % RSD of the content of each elemental impurities
in sample were calculated as per the above variant test
method. The robustness results are summarized in
Table 8 and robustness is represented in Figs 6-9.

DISCUSSION

The present research work focused on precise and
rugged ICP-MS method development and validation of 17
elemental impurities, i.e., class 1 impurities Cd, Pb, As, Hg,
class 2A Co, V, Ni and class 2B T1, Se, Ag, Au, Pd, Ir, Os, Rh,
Ru, and Ptin zinc orotate dihydrate drug substance. For the
analysis of zinc orotate dihydrate, drug substance sample
digestion was done using nitric acid and sulfuric acid.
Among the elemental impurities detected in zinc orotate
dihydrate drug substance samples, elemental impurities
in class 1, impurities in class 2A and 2B, according to the
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Table 7: Accuracy values for zinc orotate dihydrate

Name of the elements LoQ level recovered conc. in ppm 100% level recovered conc. in ppm
1 2 3 1 2 3

Vanadium (V) 0.0032 0.0032 0.0031 0.0851 0.0839 0.0834
Cobalt (Co) 0.0013 0.0013 0.0013 0.0400 0.0394 0.0394
Nickel (Ni) 0.0076 0.0073 0.0072 0.1608 0.1580 0.1567
Arsenic (As) 0.0011 0.0011 0.0012 0.0115 0.0114 0.0112
Selenium (Se) 0.0065 0.0070 0.0069 0.1137 0.1156 0.1137
Ruthenium (Ru) 0.0023 0.0023 0.0023 0.0797 0.0788 0.0782
Rhodium (Rh) 0.0017 0.0016 0.0016 0.0806 0.0798 0.0789
Palladium (Pd) 0.0025 0.0025 0.0024 0.0787 0.0778 0.0769
Silver (Ag) 0.0067 0.0068 0.0065 0.1247 0.1231 0.1222
Cadmium (Cd) 0.0001 0.0001 0.0001 0.0038 0.0038 0.0040
Osmium (Os) 0.0017 0.0017 0.0017 0.0816 0.0804 0.0807
Iridium (Ir) 0.0027 0.0027 0.0027 0.0837 0.0841 0.0821
Platinum (Pt) 0.0040 0.0040 0.0039 0.0819 0.0815 0.0810
Gold (Au) 0.0128 0.0121 0.0127 0.0797 0.0785 0.0788
Mercury (Hg) 0.0008 0.0007 0.0007 0.0245 0.0239 0.0243
Thallium (TI) 0.0008 0.0008 0.0008 0.0063 0.0063 0.0063
Lead (Pb) 0.0002 0.0002 0.0002 0.0040 0.0039 0.0039

Table 8: Robustness values for zinc orotate dihydrate

Robustness - Actual condition

. Robust-2 % % Variation of Bkt. % Variation of Bkt. std
Element name Corre'lqtzon Robust-1 % recovered Average % RSD std solution recovery  solution recovery after
coefficient  recovered conc. conc. before sample sample

Vanadium 0.9903 112.6 111.7 112.2 0.6 13 13

Cobalt 0.9981 107.0 106.8 106.9 0.1 8

Nickel 0.9988 107.3 106.7 107.0 0.4 8 8

Arsenic 0.9991 107.8 106.6 107.2 0.8 10 4

Selenium 0.9989 105.6 108.3 107.0 1.8 8 9

Ruthenium 0.9987 106.7 106.8 106.8 0.1 7 6

Rhodium 0.9987 107.1 107.2 107.2 0.1 9 8

Palladium 0.9993 105.4 106.1 105.8 0.5 7 7

Silver 0.9969 105.7 104.3 105.0 0.9 8 6

Cadmium 0.9987 107.1 107.9 107.5 0.5 6 7

Osmium 0.9997 107.9 108.9 108.4 0.7 4 1

Iridium 0.9986 107.4 106.4 106.9 0.7 7 7

Platinum 0.9989 106.8 105.9 106.4 0.6 8 7

Gold 0.9991 107.2 109.4 108.3 1.4 3 8

Mercury 0.9986 108.0 106.5 107.3 1.0 8 6

Thallium 0.9991 106.4 107.9 107.2 1.0 2 2

Lead 0.9985 104.8 102.5 103.7 1.6 7 5

elemental impurities’ classification based on toxicity an attempt was made to develop simple, rapid ICP-MS
from ICH guidelines. Till date, no ICP-MS method was method, and it was validated with precision, specificity,
reported for the concurrent quantification of elemental linearity, ruggedness, robustness, accuracy, LoD and LoQ
impurities in zinc orotate dihydrate drug substance. So, consecutively. Estimated concentrations of these elements
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Fig. 9: Calibration data for platinum, gold, osmium, iridium

in drug substance samples were lower than the limits
established by the chapter 232.

The correlation coefficient of the calibration curve
should be = 0.99 for each analyte. From the linearity data,
itwas concluded that the method was linear. In the system
suitability study, the concentration of each analyte in
the bracketing standard should not vary by + 20% of the
actual concentration. The correlation coefficient of the
calibration curve for each analyte was found to be > 0.99.
From the presented data it was observed that system was
suitable. Specificity study demonstrates the concentration
of each analyte in the bracketing standard was within the
acceptance criteria. (+ 20% of actual concentration) from
the available data it was concluded that the method is
specific. The quantitation limit for each analyte should not
be more than 30% of the specification limit. The response
of the detection limit solution for each element was found
to be consistent. %RSD of class - 1, class - 2A and 2B
elements response at LoQ level was found to be within
20%. Based on the above data, it is concluded that the LoD
and LoQ value for each elemental impurity and reported
values are precise. %RSD of the content of each elemental
impurities in six samples were found to be less than 20%.
The correlation coefficient for each analyte was found to
be >0.99. The residual sum of square, the intercept and the
slope of the regression line were reported. Based on the
linearity, precision and accuracy data, the range of the test
method is from LoQ to 300% of the target concentration.
The %RSD of the content of each elemental impurities in
six samples were found to be below 20%. The cumulative
%RSD for the residue of class 1, class 2A and 2B elements
in twelve preparations (i.e. method and intermediate
precision) for each analyte was found to be less than 25%.
From the above data it was concluded that the method
was precise and rugged. The mean %recovery for each
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analyte at each level was found to be within 70 to 130%.
From the above data, it was concluded that the method
was accurate. The %RSD of the content of each elemental
impurities in duplicate spiked samples were found to be
below 20%. From the data, it was concluded that method
was robust and precise.

Allthe validation parameters such as system suitability,
specificity, linearity, precision, LoD and LoQ, accuracy and
robustness compiled with the acceptance limits according
to USP and ICH guidelines. In the true sense, the daily
maximum dose for zinc orotate dihydrate and thus the risk
is very little; therefore, the limits established considering
this maximum daily dose may be elevated.

CONCLUSION

This method is exceptional because it was simple, rapid,
sensitive and precise. Substantial testing has shown
that an analytical method for elemental impurities that
complies with USP 232 and 233 requirement and reliable
in terms of its accuracy, linearity, specificity, repeatability,
ruggedness and solution stability. An ICP-MS method
was developed for the concurrent determination of 17
elements in zinc orotate dihydrate. It can rapidly and
sensitively detect 17 elements in zinc orotate dihydrate
simultaneously, with minimal sample consumption.
Sample pretreatment was simple, only requiring the use of
amixed diluent for dilution. The detection of each sample
could be completed within a short time, which is suitable
for tracking a large number of samples. In order to ensure
the stability of the substance, nitric acid and hydrochloric
acid were used together. As a result, a reliable ICP-MS
method was developed and validated for the concurrent
identification of inorganic elements in such complex
mixtures, the suggested sample treatment was not only
successful but also compatible with this method.
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