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Abstract 

Background  These days, the presence of simple impurities in pharmaceuticals is a major cause for worry. This is 
because some contaminants are dangerous on their own, and even small impurities can make a drug less stable and 
shorten its shelf life. The goal of this study was to see if creams with ximenynic acid could be tested with inductively 
coupled plasma-mass spectrometry to find out how much arsenic, mercury, lead, cadmium, vanadium, cobalt, and 
nickel were in them. The best way to do things would be one that was quick, accurate, sensitive, and very produc-
tive (ICP-MS). The method included both inductively coupled plasma mass spectrometry (ICP-MS) and microwave 
digestion.

Results  Seven of the seven linearity correlation coefficient (‘R’) value were more than 0.99. LOD values were calcu-
lated using 33% of the 0.25 J threshold. Six LOQ responses (0.25 J level) were taken after considerable discussion. Cal-
culated and reported %RSD for six LOQ copies. All elemental impurities Vanadium (V), Cobalt (Co), Nickel (Ni), Arsenic 
(As), Cadmium (Cd), Mercury (Hg), and Lead (Pb) were recovered between 83.33% and 115.97%, within acceptability 
limits. RSD% for procedure precision and intermediate precision data never exceeded 5%. The available evidence 
shows that the ICP-MS technique is a good way to measure these components.

Conclusion  The statistical analysis showed that the developed ICP-MS method for measuring elements in Topical 
Cream with Ximenynic Acid is selective and accurate. Since this ICPMS method is good at estimating several elements 
simultaneously, it could be used to check for elemental contaminants in the formulation.
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Background
Research and development in the current pharmaceuti-
cal industry is preoccupied with three primary concerns: 
quality, safety, and effectiveness [1, 2]. At each stage of the 
manufacturing process for pharmaceuticals beginning 
with raw materials and progressing through intermedi-
ates, active pharmaceutical ingredients (API), excipients, 
and finally the finished drug product [3, 4] it is essential 
to keep a close eye on the amount of inorganic impurities 
that are present and to take steps to reduce this amount. 
As a consequence of this, a technique that is very exact 
and sensitive is necessary in order to determine the quan-
tity of metal that is contained in therapeutic compounds. 
This is very necessary in order to guarantee the drugs’ 
effectiveness and safety [5].

Up to the year 2010, the USP, BP, EP, and JP all used a 
colorimetric analytical method that included the precipi-
tation of a metal sulphide in a sample and comparison to 
a lead standard (USP231> and Ph, Eur) [6]. This method 
was referred to as the “precipitation method.” In response 
to the Guideline for Elemental Impurities (Q3D) that was 
published in 2010 by the International Conference on 
Harmonization (ICH), the United States Pharmacopeial 
Convention (USP) planned to publish three new General 
Chapters [7–12]. This was done in order to ensure the 
safety of consumers and the integrity of the marketplace. 
Daily exposure limits (PDE) are given in USP 232> [13, 
14] for a number of different inorganic pollutants that are 
considered to be elements. Only two examples of the ana-
lytical procedures for determining elemental impurities 
are presented and discussed in chapter 233. These proce-
dures are known as microwave acid digestion (MW-AD) 
for sample preparation and inductively coupled plasma 
mass spectrometry (ICP-MS) [10] for identifying the 
impurities. Both of these procedures can be found in the 
chapter.

Inductively coupled plasma mass spectrometry (also 
known as ICP-MS) is now the technology that is most 
often used for analysing trace elements. In addition to 
possessing very low detection limits in the sub-parts-per-
trillion (ppt) ranges, it may measure at high parts-per-
million (ppm) levels [15]. This technology allows for the 
detection of several components, and it also has a wide 
linear range, high sensitivity and accuracy, and an easy 
approach to link with separation techniques such as liq-
uid chromatography [16–18]. These are just some of the 
numerous benefits that this technology offers.

There is no such thing as an analytical technique that 
does not first need the step of sample preparation as a 
requirement. Due to the fact that matrix and spectrum 
interferences may substantially distort ICP-MS results, this 
is an essential component for every ICP-MS analysis. Irra-
diation with microwaves provides a different approach to 

heating the processes involved in chemical reactions [19]. 
It is important for digests to have a low acidity and a low 
amount of residual carbon so that ICP-MS observations 
are not impacted and the analytical signal is not masked 
(RCC). When compared to traditional acid digestion, 
microwave acid digestion (MW-AD) is superior in terms of 
accuracy and repeatability, while at the same time reducing 
the amount of heat lost to the environment (Fig. 1).

Ximenynic acid is a natural conjugated acetylenic fatty 
acid that is mostly found in plants in the order Santala-
les. Studies done in vitro and in vivo have shown that this 
unique fatty acid is good for the body. Here, we explain 
what ximenynic acid does to fight inflammation, cancer, 
bacteria, and worms. With ximenynic acid, doctors may 
have a unique chance to treat diseases that cause inflam-
mation. It also includes the breakdown of long-chain fatty 
acids, which may control insulin release and reduce insu-
lin resistance. Ximenynic acid has a lot of market potential 
because it is used a lot in the makeup business. Because of 
the many molecular roles that have been found for xime-
nynic acid, its demand is growing quickly. The purpose 
of this research article is to develop and validate a sin-
gle method for simultaneous determination of Elemental 
Impurities in Topical Cream Containing Ximenynic Acid 
by ICP-MS [20].

An ICP-MS method has recently been described for 
the purpose of analysing the component parts of a topical 
cream containing Ximenynic Acid for the very first time. In 
order to identify the presence of heavy metals in pharma-
ceutical compounds and, by extension, to ensure the safety 
and effectiveness of medicines that are meant for human 
consumption, a technique that is both more sensitive and 
more selective is necessary. This study details an improve-
ment made to a microwave acid digestion (MW-AD) 
method for the simultaneous ICP-MS detection of arsenic, 
mercury, lead, cadmium, vanadium, nickel, and cobalt in a 
topical cream containing Ximenynic Acid [21].

Methods
Experimental
Chemical and laboratory reagents
The Pharma internal standard 1, ultrapure grade hydrogen 
peroxide (supplied by JT Baker), ICH/USP target element 
standard A (supplied by Merck), and ICH/USP target ele-
ment standard B (supplied by Merck) are all products that 
may be purchased from trustworthy vendors (Merck). The 
guidelines found on the supplier’s certificate of analysis 

Fig. 1  Structure of ximenynic acid
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about the proper storage of the test materials were fol-
lowed. The temperatures at which the test solutions were 
kept were the same as those employed during the testing. 
In each and every one of the volumetric flasks that were 
used for the procedures, polymethyl pentene (PMP) and 
polypropylene (PP) were both used.

Instrumentation
An Agilent 7800 ICP-MS was used in the gathering of 
each and every reading. The typical method of sample 
introduction was replicated with this apparatus by using 
a Micromist concentric nebulizer, a quartz spray cham-
ber, and a quartz flame that was outfitted with a 2.5 mm 
id injector. All of these components were included into 
its construction. Ni fashioned them by hand all by him-
self (with a Ni-plated Cu-core sampler). In order to stop 
the build-up of salt on the nebulizer, an Agilent argon gas 
humidifier was attached to the gas that was being carried 
by the carrier. The helium mode demonstrates the degree 
to which the elements are sensitive at the USP levels. 
During the validation process, both the conventional and 
the cutting-edge high-energy helium (He) mode were 
used.

Method development [22, 23]
When determining which digestion technique to use, 
many factors, including the sample, the analyte, the avail-
ability of reagents, and the capabilities of the equipment, 
all play a part. This is due to the fact that they direct the 
selection of settings that are ideal for extracting the great-
est amount of metals from the sample. The circumstances 
of the ICPMS, the diluent used in the preparation of the 
sample, the programmed of the microwave digester, and 
the settings of the instrument are all examples of aspects 
that may be optimized.

Selection of ICPMS conditions
On the basis of the most recent and accurate information 
and the accumulated knowledge at the time, the follow-
ing criteria were set for each metal: (Table 1).

Selection of diluents for digestion of sample
The sample matrix and the metals of interest are taken 
into consideration while selecting the digestion rea-
gents to use. Because of their strong oxidizing capabili-
ties, HCl, H2SO4, HF, and HNO3 are the most effective 
acids for breaking down inorganic and organic com-
pounds, respectively. This is the case for both inorganic 
and organic substances. In addition to hydrochloric 
acid and nitric acid, other combinations of concentrated 
acids with either thirty percent or fifty percent hydrogen 
peroxide were put through their paces throughout the 
testing process. It is not typical practice to make use of 
certain acids since it is difficult to reclaim volatile sub-
stances once digestion has taken place. In three differ-
ent trials, we combined 1 mL of hydrogen peroxide with 
5  mL of concentrated nitric acid, 4  mL of concentrated 
hydrochloric acid with 4 mL of water, and 5 mL of con-
centrated nitric acid with 1 mL of hydrochloric acid.

Instrument parameters
In order to get started on the job, the following ICPMS 
parameters were used, which were chosen based on pre-
vious knowledge and experience (Table 2).

Table 1  ICPMS conditions

Element Element (amu) Element (amu) Type Internal standard (amu)

1 Mass of vanadium 51 Analyte Scandium (45)

2 Mass of cobalt 59 Analyte Scandium (45)

3 Mass of nickel 60 Analyte Scandium (45)

4 Mass of arsenic 75 Analyte Germanium (72)

5 Mass of cadmium 111 Analyte Tellurium (125)

6 Mass of mercury 201 Analyte Bismuth (209)

7 Mass of lead 208 Analyte Bismuth (209)

Table 2  Instrument parameters

Pre run

Uptake speed :50 s

Uptake time :0.5 rps

Stabilize :40 s

Post run (probe rinse)

Rinse speed (nebuliser pump) : 0.30 rps

Rinse at rinse port (sample) : 10 s

Rinse at rinse port (standard) : 10 s

Post run (rinse)

Rinse vial 1 (2% nitric acid) : 1

Rinse speed : 0.10 rps

Rinse at rinse vial : 60 s
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Selection of microwave digestion system programme
During the digesting process, the length of time that 
the matrix is exposed to the oxidizing acid is also an 
extremely important factor. Prolonged exposure has the 
potential to hasten the exothermic reactions that occur, 
which in turn makes it easier for the metal of interest to 
dissolve from the biological matrix and then be released 
into the air. The following procedure for digesting the 
samples was devised after the preliminary testing accord-
ing to the findings of the following tests (Table 3).

Final methodology
Sample and standard preparation
Preparation of 2%V/V nitric acid and 1% v/v hydrochlo-
ric acid (diluent)  Putting 50 mL of water to a volumetric 
flask with a 100  mL capacity. Add 2.0  mL concentrated 
nitric acid and 1.0 mL hydrochloric acid after that. Then, 
until the volume reached a total of 100 mL for the experi-
ment, add some water to it.

Preparation of  standard stock solution  Standard A: 
Transferred 1  mL of the target element (As 15  ppm, 
Cd 5 ppm, Hg 30 ppm, Pb 5 ppm), and Standard B (Ag 
150 ppm, Co 50 ppm, Ni 200 ppm, Se 150 ppm, Tl 8 ppm, 
V 100  ppm) from the ICH/USP target element to each 
individual 50 mL volumetric flask. When the diluent was 
used, the volume was at a level that was satisfactory.

Internal standard preparation  Pharma internal stand-
ard-1 solution, 1 ml, was transferred to a 50 mL volumet-
ric flask, and the volume was made up with diluent.

Sample diluent
1 mL of concentrated hydrochloric acid and 5 mL of con-
centrated nitric acid were combined.

Preparation of sample blank
This digesting tank was supplied with 5  mL of concen-
trated nitric acid as well as 1 mL of concentrated hydro-
chloric acid. The timetable for the digestion was adhered 
to. Following the chilling process, the sample was trans-
ferred into a volumetric flask of 50 mL, which was then 
filled with water.

Preparation of sample solution
The Ximenynic acid Cream was then administered to 
the digestion vessel once the appropriate quantity had 
been determined using the measurement device. This 
digestion vessel was predigested for fifteen minutes 
with five mL of concentrated nitric acid and one mL of 
concentrated hydrochloric acid. The digestion process 
has been finished without any problems. After the liq-
uid had cooled, the sample was transferred to a volu-
metric flask of 50  mL and the remainder of the space 
was filled with water.

Preparation of sample solution at 30% level of specification 
limit (0.25 J) 
The Ximenynic acid Cream was then administered to 
the stomach once the appropriate quantity had been 
determined using the measurement device. This diges-
tion vessel was predigested for fifteen minutes with 
five mL of concentrated nitric acid and 1  mL of con-
centrated hydrochloric acid. Following that, 0.25 mL of 
the stock solution that served as the gold standard was 
added. The digestion process has been finished without 
any problems. After the liquid had cooled, the sample 
was transferred to a volumetric flask of 50 mL and the 
remainder of the space was filled with water.

Preparation of sample solution at 100% level of specification 
limit 
The Ximenynic acid Cream was then administered to 
the stomach once the appropriate quantity had been 
determined using the measurement device. This diges-
tion vessel was predigested for fifteen minutes with 
five mL of concentrated nitric acid and one mL of con-
centrated hydrochloric acid. After that, one mL of the 
stock solution was put in. The digestion process has 
been finished without any problems. After the liquid 
had cooled, the sample was transferred to a volumetric 
flask of 50 mL and the remainder of the space was filled 
with water.

Method validations [10, 11, 23]
In line with the recommendations that came out of the 
International Conference on Harmonization (ICH), the 
method that has been determined to be the most effec-
tive for concurrently measuring seven different elements 
is ICPMS (R1). We investigated the suitability of the sys-
tem, linearity, recovery, optimization of LOD and LOQ, 
method precision, and intermediate precision.

Linearity and range
The ability to get results that are proportionate to the 
quantity of analyte that was employed in the test is 

Table 3  Digestion programme

Step Temperature Pressure 
(Bar)

Ramp 
(min)

Hold 
(min)

Energy 
(P%)

1 150 70 2 5 50

2 190 75 2 10 60

3 210 80 2 15 65

4 50 80 1 10 0
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what is meant by the term “linearity”. In order to evalu-
ate the linearity, seven distinct concentrations ranging 
from the lower limit of quantification (LOQ) to 250% 
of the specification level were aspirated. The correlation 
between the analyte’s reaction and the ISTD’s response 
was displayed versus the concentration. The calibration 
curve was used as the basis for the calculation of the 
slope, intercept, and correlation. If the correlation coef-
ficient (‘R’) value is more than 0.99, this indicates that 
the data reasonably well match the regression line.

Limit of detection and limit of quantitation
The limit of detection (LOD) refers to the lowest possi-
ble concentration of an analyte that may be determined 
from a sample under the conditions of the experiment. 
The lowest acceptable concentration (LOQ) of an ana-
lyte is specified as the lowest concentration of the ana-
lyte that still provides a credible measurement under the 
conditions of the experiment. A blank sample was made 
and aspirated ten times before being evaluated. We used 
the linear regression equation to determine the LOD and 
LOQ for each element. This equation requires two inputs 
the standard deviation of the intercept, and the slope in 
order to function properly.

where σ = standard deviation of Ratio of analyte response 
to ISTD response of sample blank, s = slope of calibration 
curve.

Precision at limit of quantitation
In order to guarantee that the LOQ answer is accurate, 
six duplicates of it were created (0.25 J level). For the pur-
pose of illustrating LOQ accuracy, relative standard devi-
ation (%RSD) was used; at the LOQ level, the RSD value 
should be either less than or equal to 20.0.

Specificity
The specificity of the ICPMS technique was discovered 
via the study that investigated how the calibration blank 
influenced the recovery research at the LOQ level. These 
steps were taken to remove any possible impact that 
might have been caused by the excipients in the formula-
tions. In order to assess the degree of accuracy, a calibra-
tion blank was made and then sucked a total of ten times. 
The mean percentage recovery at the LOQ level should 
be between 50.0 and 150%, and the average significant 
interference of the calibration blanks should be lower 
than that of the calibration standard solution1.

Accuracy (recovery)
The accuracy of an analytical technique may be evaluated 
by contrasting the expected value with the actual value 

LOD = 3.3 ∗ σ/s, LOQ = 10 ∗ σ/s

that was achieved. This number may be obtained by cal-
culating the proportion of recovered elements, denoted 
as R%. The tried-and-true ICPMS method was put to the 
test in this circumstance by repeatedly (n = 3) analysing 
spiked samples at four different concentrations (LOQ, 
50%, 100%, and 150% of the LOD). Using the formula [% 
Recovery = (Recovered content of analyte/Actual spike 
content of analyte) 100], the experimental data were sub-
jected to a statistical analysis in order to establish the 
level of recovery achieved by the method as well as its 
overall validity. The average recovery at the LOQ level 
of any analyte must be between 50 and 150% for it to be 
considered acceptable, and the recovery at all other levels 
must likewise be between 70 and 150% for it to be con-
sidered acceptable (Table 4).

Precision
The degree to which distinct studies performed on 
numerous duplicates provide the same findings may 
be used to characterize the accuracy of a measurement 
technique. The system precision, the method precision, 
and the intermediate precision have all been investigated 
throughout the studies of precision. Testing the accu-
racy of the system assured that the results of repeated 
measurements would be reliable. On the System Preci-
sion Solution, the Calibration Blank, the Calibration 
Standards, and the Standard Check Solution, extrac-
tions and analyses were carried out. It is recommended 
that the correlation coefficient (‘R’) value of the calibra-
tion curve be less than 0.99 for each analyte. In order to 
evaluate the accuracy of the procedure, the Specification 
Level produced three samples that were left "as is" and 
six samples that were “spiked” (1 J). The preparation and 
aspiration of three as-is samples and six individual spike 
samples at the specification level required a large number 
of analysts who worked on various days. This was done 
in order to achieve intermediate accuracy. The relative 
standard deviation (%RSD) was the metric that was used 
to evaluate how well the method performed in general. 
The relative standard deviation (RSD) over all six Spike 
at Specification level solution preparations should not 
exceed 15%. In order to prevent RSD readings from being 
more than 15%, it is necessary to have a high level of both 
method accuracy and intermediate precision for each 
analyte.

Results
Method development
During the course of this inquiry, a number of concerns 
were examined, and a solution was found for each one. To 
be more specific, the analysis matrix did not make it pos-
sible to find certain things. Some of the acids that have 
been used include concentrated hydrochloric acid, nitric 
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acid, and acid mixed with either thirty percent or fifty 
percent hydrogen peroxide. Other acids that have been 
used include: It is not typical practice to make use of cer-
tain acids since it is difficult to reclaim volatile substances 
once digestion has taken place. In order to dissolve the 
material, 5 mL of nitric acid and 1 mL of hydrogen per-
oxide were utilized. It was imagined to perform a micro-
wave-accelerated digestion process by employing 5  mL 
of nitric acid and 1 mL of hydrochloric acid as diluents. 
We performed spike recoveries of arsenic, mercury, lead, 
cadmium, vanadium, cobalt, and nickel to demonstrate 
that the stabilizing combination is effective for a vari-
ety of chemicals and to take into account the fact that 
recovery varies from sample to sample. In addition, we 
did this to account for the fact that recovery varies from 
sample to sample. The elemental recoveries varied from 
80 to 105%, which is within the USP’s acceptable range of 
70–150%. 

Linearity and range
When plotted against the ratios of analyte response to 
ISTD response, concentrations formed a line that was 
continuous throughout the whole analysis. The results of 
the regression analysis are shown in Table 5. The corre-
lation coefficient (‘R’) value used to assess linearity were 
more than 0.99, which demonstrates that the technique 
follows a linear pattern (Fig. 2).

Limit of detection and limit of quantitation
We were successful in determining both the LOD and 
LOQ by making use of the slope of the calibration curve 

as well as the standard deviation of the ratio of the ana-
lyte response to the ISTD response in the sample blank 
over a period of ten aspirations. Because the values pre-
dicted for the LOQ were lower than 0.25 J, that value was 
selected to serve as the LOQ for any further testing that 
may take place (Table 6).

Specificity
In order to determine the specificity of the test, the 
calibration blank was aspirated ten times, whereas the 
calibration standard level 1 was only done once. The cali-
bration blanks were not allowed to cause any significant 
interference, and the average mass of each analyte had to 
be lower than that of the calibration standard solution-1 
(Table 7).

Accuracy (recovery)
The recovery testing was what led to the determination 
of its accuracy. The three samples that were used in the 
recovery tests were generated with the LOQ concentra-
tion, 50% concentration, 100% concentration, and 150% 
concentration, respectively. It was determined how much 
of each analyte could be recovered on average across all 
of the different levels. On the basis of the data that was 
collected, it was determined that the standard medica-
tion mean recoveries were correct (Table 8, Fig. 3).

Precision
In terms of system precision, method precision, and 
intermediate precision, the precision analysis reveals that 
the designed approach is dependable and reproducible. 

Table 4  Preparation of samples for accuracy

Sr. no Sample name Weight of 
sample (g) 
accurately

Volume of 
HNO3 + HCl 
(mL)

Volume 
of stock-B 
solution (mL)

Microwave digestion Final volume make up 
with type-I water (mL)

1 As such sample 0.2000 5.0 + 1.0 NA Perform microwave digestion till the sample 
was clear

50

2 0.2000 5.0 + 1.0 50

3 0.2000 5.0 + 1.0 50

1 LOQ 0.2000 5.0 + 1.0 0.250 50

2 0.2000 5.0 + 1.0 50

3 0.2000 5.0 + 1.0 50

1 Spike at 50% 0.2000 5.0 + 1.0 0.500 50

2 0.2000 5.0 + 1.0 50

3 0.2000 5.0 + 1.0 50

1 Spike at 100% 0.2000 5.0 + 1.0 1.000 50

2 0.2000 5.0 + 1.0 50

3 0.2000 5.0 + 1.0 50

1 Spike at 150% 0.2000 5.0 + 1.0 1.500 50

2 0.2000 5.0 + 1.0 50

3 0.2000 5.0 + 1.0 50



Page 7 of 13Shivatare et al. Future Journal of Pharmaceutical Sciences            (2023) 9:47 	

Ta
bl

e 
5 

Li
ne

ar
ity

 ta
bl

e 
of

 7
 e

le
m

en
ts

Co
nc

. i
n 

pp
b—

Co
nc

en
tr

at
io

n 
of

 s
ta

nd
ar

d 
(p

pb
), 

Ra
tio

—
ra

tio
 o

f a
na

ly
te

 re
sp

on
se

 to
 IS

TD
 re

sp
on

se

Li
ne

ar
it

y 
le

ve
l

Va
na

di
um

 (V
)

Co
ba

lt 
(C

o)
N

ic
ke

l (
N

i)
A

rs
en

ic
 (A

s)
Ca

dm
iu

m
 (C

d)
M

er
cu

ry
 (H

g)
Le

ad
 (P

b)

Co
nc

. I
n 

pp
b

Ra
tio

Co
nc

. i
n 

pp
b

Ra
tio

Co
nc

. I
n 

pp
b

Ra
tio

Co
nc

. i
n 

pp
b

Ra
tio

Co
nc

. i
n 

pp
b

Ra
tio

Co
nc

. i
n 

pp
b

Ra
tio

Co
nc

. i
n 

pp
b

Ra
tio

Li
ne

ar
ity

 L
ev

el
-1

 (2
5%

)
10

.0
0

2.
19

02
5.

00
2.

57
07

20
.0

0
2.

87
37

1.
50

0.
14

55
0.

50
0.

20
31

3.
00

0.
02

37
0.

50
0.

04
85

Li
ne

ar
ity

 L
ev

el
-2

 (5
0%

)
20

.0
0

4.
29

02
10

.0
0

5.
06

13
40

.0
0

5.
60

86
3.

00
0.

28
55

1.
00

0.
41

69
6.

00
0.

04
69

1.
00

0.
09

44

Li
ne

ar
ity

 L
ev

el
-3

 (1
00

%
)

40
.0

0
8.

03
22

20
.0

0
9.

46
14

80
.0

0
10

.4
59

6.
00

0.
53

47
2.

00
0.

75
96

12
.0

0
0.

08
87

2.
00

0.
17

29

Li
ne

ar
ity

 L
ev

el
-4

 (1
50

%
)

60
.0

0
12

.2
96

30
.0

0
14

.5
72

12
0.

00
16

.0
83

9.
00

0.
81

38
3.

00
1.

14
18

18
.0

0
0.

13
61

3.
00

0.
26

7

Li
ne

ar
ity

 L
ev

el
-5

 (2
00

%
)

80
.0

0
15

.5
93

40
.0

0
19

.2
66

16
0.

00
20

.6
55

12
.0

0
1.

04
09

4.
00

1.
54

26
24

.0
0

0.
17

53
4.

00
0.

33
97

Li
ne

ar
ity

 L
ev

el
-6

 (2
50

%
)

10
0.

00
20

.1
64

50
.0

0
25

.0
31

20
0.

00
26

.9
27

15
.0

0
1.

34
74

5.
00

1.
93

44
30

.0
0

0.
22

79
5.

00
0.

44
1

Sl
op

e
0.

19
7

0.
49

3
0.

13
2

0.
08

8
0.

38
2

0.
00

7
0.

08
6

y-
In

te
rc

ep
t

0.
25

2
−

0.
07

4
0.

16
7

0.
01

5
0.

01
3

0.
00

1
0.

00
5

Co
rr

el
at

io
n 

co
effi

ci
en

t r
0.

99
9

0.
99

9
0.

99
9

0.
99

9
1.

00
0

0.
99

9
0.

99
9

Sq
ua

re
d 

co
rr

el
at

io
n 

co
effi

ci
en

t (
r2

)
0.

99
9

0.
99

9
0.

99
9

0.
99

9
0.

99
9

0.
99

9
0.

99
9



Page 8 of 13Shivatare et al. Future Journal of Pharmaceutical Sciences            (2023) 9:47 

The data were provided with an RSD%, and it never went 
beyond 5%, despite the fact that the greatest figure that is 
allowed within the range is 15%. To achieve a higher level 
of precision across the system, six time aspirations of the 
precision solution (1  J) were developed in accordance 
with the method described in Methodology (Tables 9, 10, 
11, Fig. 4).

Intermediate precision
Toughness, or intermediate accuracy, is a measure of 
how frequently the same result can be obtained using 
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Linearity Plot of 7 Elements

Vanadium (V) Cobalt (Co) Nickel (Ni) Arsenic (As)

Cadmium (Cd) Mercury (Hg) Lead (Pb)

Fig. 2  Linearity plot for 7 elements. This figure contain linearity plot of Vanadium (V), Cobalt (Co), Nickel (Ni), Arsenic (As), Cadmium (Cd), Mercury 
(Hg), and Lead (Pb)

Table 6  Table for precision at LOQ

Sample Analyte content in the sample

V Co Ni As Cd Hg Pb

1 1.5506 1.9353 2.3087 0.1010 0.1453 0.0146 0.0346

2 1.5346 1.9240 2.2596 0.1020 0.1513 0.0146 0.0337

3 1.5508 1.9177 2.2869 0.1009 0.1495 0.0149 0.0337

4 1.5431 1.9117 2.2731 0.1007 0.1471 0.0147 0.0342

5 1.5455 1.9250 2.2921 0.1014 0.1531 0.0144 0.0344

6 1.5515 1.9308 2.2843 0.1010 0.1491 0.0148 0.0342

Mean 1.5460 1.9241 2.2841 0.1012 0.1492 0.0147 0.0341

SD 0.00650 0.00860 0.01670 0.00050 0.00280 0.00020 0.00040

%RSD 0.42 0.45 0.73 0.49 1.88 1.36 1.17

Table 7  Table for specificity

Sr. no. Element Mean ratio of 10 
replicates of blank

Ratio of 
calibration 
standard level 1

1 Vanadium 0.0172 2.2352

2 Cobalt 0.0081 2.6828

3 Nickel 0.0737 3.0439

4 Arsenic 0.0016 0.1486

5 Cadmium 0.0005 0.2182

6 Mercury 0.0009 0.0261

7 Lead 0.0019 0.0512
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the same procedure, on the same material, by differ-
ent personnel on various days in the same laboratory. 
The median accuracy of the present approach to deter-
mining trace metals was determined by calculating 
the proportion of metals recovered at three concen-
tration levels (1.0, 100.0, and 1000.0  ppb) supplied by 
another analyst on a separate day using the same ICP-
MS apparatus. The healing rate increased from 98.2 to 
101.8%, which is extremely near to what the primary 

analyst discovered, proving the efficacy of the proce-
dure (Fig. 5).

Reproducibility
Repeatability is the degree of similarity in test results 
obtained using the same technique on the same test sub-
stance in the same laboratory by the same operator with 
the same equipment over a brief period of time. It is 
computed using a minimum of nine determinations that 

Table 8  Table for mean recovery

Vanadium (V) Cobalt (Co) Nickel (Ni) Arsenic (As) Cadmium (Cd) Mercury (Hg) Lead (Pb)

LOQ Level 100.23 108.47 87.90 101.30 103.27 102.53 105.60

50% Level 101.53 109.97 85.83 100.67 101.23 104.03 106.77

100% Level 96.17 116.13 86.40 100.30 99.13 100.00 100.73

150% Level 97.53 115.97 83.33 100.20 96.77 100.20 100.40
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140.00

Vanadium
(V)

Cobalt (Co) Nickel (Ni) Arsenic (As) Cadmium
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(Hg)
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ACCURACY 

LOQ  Level 50 % Level 100 % Level 150 % Level

Fig. 3  Accuracy of 7 elements at four level. This figure contain recovery comparison of Vanadium (V), Cobalt (Co), Nickel (Ni), Arsenic (As), Cadmium 
(Cd), Mercury (Hg), and Lead (Pb) at four different levels

Table 9  System suitability for precision

Parameter →  Element LOD LOQ optimi 
sation

LOD LOQ 
Precision

Linearity, specificity and 
method precision

Accuracy Intermediate 
precision

RSD for six replicates for 1.0 J V 0.81 1.85 2.01 0.39 0.65

Co 0.95 1.80 2.09 0.35 0.76

Ni 1.06 1.63 2.25 0.31 0.75

As 1.03 1.96 2.59 0.59 1.28

Cd 3.08 1.43 1.62 1.17 1.50

Hg 1.31 2.23 2.07 0.25 0.23

Pb 0.57 1.95 1.73 0.37 0.83
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span the indicated range of the procedure (for example, 
three levels and three repetitions per determination). 
RSD should not exceed 1.5% when administering dupli-
cate injections. By calculating the RSD of the responses 
(in cps) of six replicate injections of standard solutions of 
the seventeen metals with three concentrations (1.0, 100, 
and 1000.0 ppb), the repeatability of the current method 
for determining the seventeen metals was determined to 
be less than 1.5% for all metals at the three concentration 
levels. These results demonstrate the repeatability of the 
current method for determining metal concentrations.

Discussion
The United States Pharmacopoeia (USP) and Interna-
tional Conference on Harmonisation (ICH) have pro-
posed new regulations and recommendations to manage 
the potential prevalence of heavy metals in pharmaceu-
ticals [22]. USP 232> and ICH Q3D define 24 elemental 

contaminants and their concentration limitations in 
consideration of the permitted daily exposure (PDE) of 
multiple medication categories (oral, parenteral, and 
inhalation). While USP 233> provides more specifics on 
the method validation procedure and sample prepara-
tion, it is important to note that USP 233> is not a stand-
ard [23].

Based on the data, it is clear that the stabilizing mixture 
is the approach that provides the highest level of preci-
sion and dependability when it comes to evaluating the 
elemental impurities present in dissolved pharmaceutical 
products in accordance with regulatory criteria. In Lin-
earity and Range the Seven of the correlation coefficient 
(‘R’) values used to assess linearity were more than 0.99. 
The LOD values were determined by utilizing 33% of 
the 0.25 J threshold in the calculation. After some delib-
eration, it was determined that six copies of the LOQ 
response would be taken (0.25 J level). The %RSD for six 

Table 10  Table for method precision

Aspirations Ratio of analyte response to internal standard response

V Co Ni As Cd Hg Pb

1 9.4547 9.3576 22.0298 0.5218 0.8007 0.0926 0.1835

2 10.5279 10.3086 23.6646 0.5681 0.8581 0.1029 0.2018

3 9.6006 9.3929 21.7001 0.5205 0.7853 0.0938 0.1852

4 9.5205 9.3604 21.7120 0.5287 0.7915 0.0931 0.1845

5 9.5716 9.3646 21.4316 0.5273 0.8017 0.0928 0.1846

6 9.7889 9.4586 21.6740 0.5227 0.8178 0.0941 0.1858

Mean 9.7440 9.5405 22.0354 0.5315 0.8092 0.0949 0.1876

SD 0.40010 0.37820 0.82060 0.01820 0.02640 0.00400 0.00700

%RSD 4.11 3.96 3.72 3.42 3.26 4.21 3.73

Table 11  Table for cumulative RSD for method precision and intermediate precision

Element Analyst 1 2 3 4 5 6 Mean SD %RSD

Vanadium 1 9.4547 10.5279 9.6006 9.5205 9.5716 9.7889 9.8782 0.3130 3.17

2 10.1117 10.0616 10.1082 10.0434 9.8920 9.8567

Cobalt 1 9.3576 10.3086 9.3929 9.3604 9.3646 9.4586 9.6747 0.3047 3.15

2 10.0188 9.8334 9.8308 9.8461 9.6734 9.6516

Nickel 1 22.0298 23.6646 21.7001 21.7120 21.4316 21.6740 22.3205 0.7052 3.16

2 23.2205 22.9326 22.8481 22.4799 22.1422 22.0103

Arsenic 1 0.5218 0.5681 0.5205 0.5287 0.5273 0.5227 0.5360 0.0139 2.59

2 0.5474 0.5443 0.5426 0.5415 0.5390 0.5279

Cadmium 1 0.8007 0.8581 0.7853 0.7915 0.8017 0.8178 0.8090 0.0194 2.40

2 0.8200 0.8074 0.8045 0.8168 0.8151 0.7890

Mercury 1 0.0926 0.1029 0.0938 0.0931 0.0928 0.0941 0.0947 0.0028 2.96

2 0.0949 0.0949 0.0957 0.0943 0.0932 0.0937

Lead 1 0.1835 0.2018 0.1852 0.1845 0.1846 0.1858 0.1876 0.0490 2.61

2 0.1887 0.1883 0.1894 0.1886 0.1850 0.1862
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different copies of LOQ was calculated and reported. 
The Recovery of all elemental impurities Vanadium (V), 
Cobalt (Co), Nickel (Ni), Arsenic (As), Cadmium (Cd), 
Mercury (Hg), Lead (Pb) was between 83.33% to 115.97% 
i.e. within acceptance limit. The method precision as 

well as intermediate precision data provided with an 
RSD%, and it never went beyond 5%. The established 
method was proved to be simple, sensitive and accu-
rate. It successfully applied to the elemental impurity 
determination.

Fig. 4  Method precision. This figure contain Method precision of six samples for the analysis of Vanadium (V), Cobalt (Co), Nickel (Ni), Arsenic (As), 
Cadmium (Cd), Mercury (Hg), and Lead (Pb)

Fig. 5  Intermediate precision. This figure contain comparison between the method and Intermediate precision for the analysis of Vanadium (V), 
Cobalt (Co), Nickel (Ni), Arsenic (As), Cadmium (Cd), Mercury (Hg), and Lead (Pb)
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Conclusion
Extensive testing has shown that an analytical method 
for elemental impurities that complies with USP 232 
and 233 is reliable in terms of its specificity, accuracy, 
repeatability, ruggedness, linearity, and solution stabil-
ity. These qualities may be broken down as follows: For 
the purpose of providing accurate results, each and every 
sample and standard has to be made more complex and 
robust. In order to complexity the substance and ensure 
its stability, five mL of nitric acid and one mL of hydro-
chloric acid were mixed together. A single process using 
microwave digestion may be used to test whether or not 
all of the USP-mandated constituents are present in the 
finished product. On this page, you can find information 
that is specific on the inorganic components that make 
up Ximenynic Acid Topical Cream. The percentage of 
inorganic components that make up these materials may 
now be calculated. As a result of the fact that the ICP-MS 
method permits the simultaneous identification of inor-
ganic components in such complex matrices, the sug-
gested sample treatment was not only successful but also 
compatible with this method.
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ICPMS	� Inductively coupled plasma mass spectrometry
MWAD	� Microwave acid digestion
ICH	� International Conference on Harmonization
LOD	� Limits of detection
LOQ	� Limit of quantitation
USP	� United States Pharmacopeial Convention
mL	� Millilitre
Minute	� Min

Acknowledgements
NA.

Author contributions
Author conceived and wrote the first draft; co-Author reviewed all drafts and 
gave additional input to improve the scientific rigor required. The authors read 
and approved the final draft for publication.

Funding
There was no funding for this manuscript.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pharmaceutical Sciences, JJT University, Jhunjhunu, Rajasthan, 
India. 2 Department of Pharmacy Practice, Chitkara College of Pharmacy, 

Chitkara University, Rajpura, Punjab, India. 3 Department of Pharmaceuti-
cal Chemistry, Sharadchandra Pawar College of Pharmacy, Otur, Tal. Junnar, 
Maharashtra, India. 4 Department of Pharmacognosy, Rajarshi Shahu College 
of Pharmacy, Buldana, Maharashtra, India. 5 Department of Pharmaceutical 
Sciences, Dr. D. Y. Patil College of Pharmacy, Akurdi, Pune, Maharashtra, India. 
6 Department of Pharmacognosy, Sharadchandra Pawar College of Pharmacy, 
Otur, Tal. Junnar, Maharashtra, India. 

Received: 24 December 2022   Accepted: 23 May 2023

References
	1.	 Nageswara Rao R, Kumar Talluri MVN (2007) An overview of recent 

applications of inductively coupled plasma-mass spectrometry (ICP-MS) 
in determination of inorganic impurities in drugs and pharmaceuticals. J 
Pharm Biomed Anal 43:1–13

	2.	 Hardman JG, Limbird LE, Molinoff PB, Ruddon RW, Gilman AG (1999) 
Good and Gilman’s the pharmaceutical basics of therapeutics, 9th edn. 
McGraw-Hill, New York, pp 3–63

	3.	 Gonzalez MH, Silva CS, Amaral CD, Bianchi SR, De Oliveira LH, Coelho JS, 
Oliveira A, Nogueira AR (2017) Determination of elemental impurities in 
acyclovir ointment and raw materials using microwave acid digestion 
(MW-AD) and ICP-MS. J Braz Chem Soc 28(1):98–105

	4.	 Van Hoecke K, Catry C, Vanhaecke F (2012) Optimization of sample 
preparation and a quadrupole ICP-MS measurement protocol for the 
determination of elemental impurities in pharmaceutical substances in 
compliance with USP guidelines. J Anal At Spectrom 27:1909–1919

	5.	 Zachariadis GA, Michos CE (2007) Development of a slurry introduction 
method for multi-element analysis of antibiotics by inductively coupled 
plasma atomic emission spectrometry using various types of spray cham-
ber and nebulizer configurations. J Pharm Biomed Anal 43:951–958

	6.	 Wang T, Wu J, Hartman R, Jia X, Eagan R (2000) A multi-element ICP-MS 
survey method as an alternative to the heavy elements limit test for 
pharmaceutical materials. J Pharm Biomed Anal 23:867–890

	7.	 Chahrour O, Malone J, Collins M, Salmon V, Greenan C, Bombardier A, 
Ma Z, Dunwoody N (2017) Development and validation of an ICP-MS 
method for the determination of elemental impurities in TP-6076 active 
pharmaceutical ingredient (API) according to USP <232>/<233>. J Pharm 
Biomed Anal 145:84–90

	8.	 Cecil TL (2014) Chapter 8—Validation of procedures for elemental impuri-
ties. In: Specification of drug substances and products, pp 155–169

	9.	 Fischer L, Zipfel B, Koellensperger G, Kovac J, Bilz S, Kunkel A, Venzago C, 
Hann S (2014) Flow injection combined with ICP-MS for accurate high 
through put analysis of elemental impurities in pharmaceutical products 
according to USP. J Pharm Biomed Anal 95:121–129

	10.	 <233> Elemental impurities—procedures. In: Second Suppl. to United 
States Pharmacop. Natl. formula. (USP 38-NF 33), United States Pharma-
copeia Convention, 2012, pp 243–244

	11.	 <232> Elemental impurities—limits. in: United States Pharmacop. Natl. 
Formula. (USP 38-NF 33), United States Pharmacopeia Convention, 2012, 
pp 245–248

	12.	 Chahrour O, Malone J (2017) Inductively coupled plasma mass spectrom-
etry (ICP-MS) applications in quantitative proteomics. Protein Pept Lett 
24:253–266

	13.	 Chahrour O, Cobice D, Malone J (2015) Stable isotope labelling methods 
in mass spectrometry-based quantitative proteomics. J Pharm Biomed 
Anal 113:2–20

	14.	 Balaram V (2016) Recent advances in the determination of elemental 
impurities in pharmaceuticals–status, challenges and moving frontiers. 
TrAC Trends Anal Chem 80:83–95. https://​doi.​org/​10.​1016/j.​trac.​2016.​02.​
001

	15.	 Ammann AA (2007) Inductively coupled plasma mass spectrometry (ICP 
MS): a versatile tool. J Mass Spectrom 42:419–427

	16.	 Montaser A, Golightly DW (1998) Inductively coupled plasmas in analyti-
cal atomic spectrometry. Wiley, New York

	17.	 Dolan SP, Nortrup DA, Bolger PM, Capar SG (2003) Analysis of dietary 
supplements for arsenic, cadmium, mercury, and lead using inductively 
coupled plasma mass spectrometry. J Agric Food Chem 51:1307–1312

https://doi.org/10.1016/j.trac.2016.02.001
https://doi.org/10.1016/j.trac.2016.02.001


Page 13 of 13Shivatare et al. Future Journal of Pharmaceutical Sciences            (2023) 9:47 	

	18.	 Evans EH, Giglio JJ (1993) Interferences in inductively coupled plasma 
mass spectrometry. A review. J Anal At Spectrom 8:1

	19.	 Gaba M, Dhingra N (2011) Microwave Chemistry: general features and 
applications. Ind J Pharm Educ Res 45:175

	20.	 McShane WJ, Pappas RS, Wilson-McElprang V, Paschal D (2008) A rugged 
and transferable method for determining blood cadmium, mercury, and 
lead with inductively coupled plasma-mass spectrometry. Spectrochim 
Acta Part B: At Spectrosc 63:638–644. https://​doi.​org/​10.​1016/j.​sab.​2008.​
03.​016

	21.	 Ertürk S, Cetin SM, Atmaca S (2003) Simultaneous determination of 
moexipril hydrochloride and hydrochlorothiazide in tablets by derivative 
spectrophotometric and high-performance liquid chromatographic 
methods. J Pharm Biomed Anal 33(3):505–511

	22.	 Mostafa SM, Elshanawane AA, Elgawish MS (2008) Stability-indicating 
spectrophotometric method for determination of Moexipril HCl in bulk 
and pharmaceutical formulation. Saudi Pharm J 16:3–4

	23.	 Guideline ICH (2005) Validation of analytical procedures: text and meth-
odology Q2 (R1). In: International conference on harmonization, Geneva, 
Switzerland, vol 4, pp 1–13

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.sab.2008.03.016
https://doi.org/10.1016/j.sab.2008.03.016

	Development and validation of ICPMS methods for simultaneous determination of elemental impurities in topical cream containing ximenynic acid
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Experimental
	Chemical and laboratory reagents
	Instrumentation

	Method development [22, 23]
	Selection of ICPMS conditions
	Selection of diluents for digestion of sample
	Instrument parameters
	Selection of microwave digestion system programme

	Final methodology
	Sample and standard preparation
	Preparation of 2%VV nitric acid and 1% vv hydrochloric acid (diluent) 
	Preparation of standard stock solution 
	Internal standard preparation 

	Sample diluent
	Preparation of sample blank
	Preparation of sample solution
	Preparation of sample solution at 30% level of specification limit (0.25 J) 
	Preparation of sample solution at 100% level of specification limit 

	Method validations [10, 11, 23]
	Linearity and range
	Limit of detection and limit of quantitation
	Precision at limit of quantitation
	Specificity
	Accuracy (recovery)
	Precision


	Results
	Method development
	Linearity and range
	Limit of detection and limit of quantitation
	Specificity
	Accuracy (recovery)
	Precision
	Intermediate precision
	Reproducibility


	Discussion
	Conclusion
	Acknowledgements
	References


