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Abstract: An analytical procedure by the inductively coupled plasma mass spectrometry (ICP-MS) is provided to quantitate 

the remaining phosphorus amount on the surface of the manufacturing equipment for the oligonucleotide active pharmaceutical 

ingredient (API). In this analytical procedure, the sample solutions obtained from the rinse sampling and direct surface sampling 

methods are directly injected into the ICP-MS equipment without the inspissation of the extraction liquid. The limit of 

quantitation for phosphorous was 0.02 µg/mL. Quantitation of phosphorous was achieved over a linear range of 0.02 to 0.8 

µg/mL. Analytical validation was carried out to prove that this analytical procedure is appropriate and effective to monitor the 

cleanliness of the manufacturing equipment after the oligonucleotide API manufacturing and the following cleaning of the 

equipment. Calibration curve originally passed through the origin with correlation coefficient of 0.999. The precision through 

the rinse sampling method was within ±10%. The satisfactory accuracy for the rinse sampling method was proven from the 

assessment of linearity and precision. The precision and accuracy of the analytical procedure were both within ±10% for the 

direct surface sampling method. The described analytical procedure by ICP-MS following the two types of the sampling 

procedures can easily be applied to the routine analysis for the verification of the cleanliness of the manufacturing equipment 

for oligonucleotide API. 
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1. Introduction 

Synthetic oligonucleotide active pharmaceutical 

ingredients (API) presents potential towards therapeutics to 

large number of patients with unmet medical remedies [1-11]. 

The quantitation of the total amount of the synthesized 

oligonucleotide API on the surface of the manufacturing 

equipment is a prerequisite to manufacture the API under the 

GMP principle [12]. The reminding oligonucleotide API on 

the manufacturing equipment surface is taken by the direct 

surface sampling method or the rinse sampling method. 

Because of ability and convenience, ultraviolet – visible 

absorbance spectroscopic procedure is used to quantitate the 

residual oligonucleotide amount on the manufacturing 

equipment in our facility. However, the limitation of this 

procedure is a lack of adequate specificity to determine the 

target compounds. The above-mentioned procedures would 

also require the time-consuming process for inspissation of the 

extraction liquid due to relatively poor limit of quantitation. 

So, we developed the new quantitation procedure to assess the 

cleanliness of the manufacturing equipment for 

oligonucleotides. 

The inductively coupled plasma mass spectrometry 

(ICP-MS) has been employed for multi-elemental analysis 

and the independent measurement of stable isotopes [13-15]. 

ICP-MS was proved to possess an effective combination of 

accuracy, precision. Many elements were quantitated with 
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good detection limits
 
[16]. The high specificity of ICP-MS 

enables ultra-trace quantitation of phosphorous in the sample 

solution. So, we took a particular note on the quantitation of 

phosphorous to assess the oligonucleotide content on the 

manufacturing equipment, because phosphorous is essential to 

construct the RNA molecules. The oligonucleotide content is 

easily calculated from the phosphorous content determined by 

ICP-MS. To the best of our knowledge, we are the first group 

to report the validated analytical procedure by ICP-MS to 

quantitate the remaining oligonucleotide API on the 

manufacturing equipment through the quantitation of 

phosphorous. The aim of this work was to develop an 

analytical procedure with ICP-MS to be implemented in the 

routine examination of the cleanliness of the manufacturing 

equipment employed for the oligonucleotide manufacturing 

under the GMP principle. 

2. Experimental 

2.1. Materials 

Phosphorous standard solution 1000mg/L was purchased 

from FUJIFILM Wako Pure Chemical Corporation (Osaka, 

Japan). In all cases, water was purified by deionization with 

minimum conductivity value of 18.0 mΩ/cm. Tuning 

Solution for ICP-MS was obtained from Agilent Technologies 

Japan, Ltd., (Tokyo, Japan). Oligonucleotide active 

pharmaceutical ingredient (API) was from Sumitomo 

Chemical Co., Ltd., (Tokyo, Japan). 

2.2. Equipment 

ICP-MS, Agilent model 7700x, was employed in this study. 

This ICP-MS has been housed in a thermostatically controlled 

room at 20°C. The major isotope of phosphorous was 

monitored at m/z 31. Quantitation was based on the average of 

the three values of count per second against a calibration 

curve. 

2.3. Preparation of the Standards, Matrices for the 

Validation Study and Quality Control Samples 

The standard solutions for linearity were also prepared from 

the phosphorous standard solution, covering the concentration 

range of 0.02 to 0.8 µg/mL with or without the 

oligonucleotide API. 

Validation matrices of the rinse sampling method for 

accuracy and precision were the oligonucleotide API solutions 

in the concentration range of 0.2 to 10 µg/mL corresponding 

to 0.02 to 0.8 µg/mL of phosphorous. 

Validation matrices of the direct surface sampling solution 

for accuracy and precision were the oligonucleotide API 

solutions at the concentration levels of 0.2 µg/mL and 10 

µg/mL corresponding to 0.02 µg/mL and 0.8 µg/mL of 

phosphorous. Calibration standards for the quantitation of 

phosphorous in the quality control solutions for the cleanliness 

verification were freshly prepared by the dilution of the 

phosphorous standard solution, resulting in the concentration 

range of 0.2 to 0.8 µg/mL. 

After the cleaning procedure of the manufacturing 

equipment for oligonucleotide API as the GMP operation, the 

surface of equipment was swabbed with the fabric. Then, the 

fabrics were immersed into the water to extract the 

oligonucleotide API adsorbed on the fabrics from the 

equipment surface. For the equipment with difficulty in 

swabbing the equipment surface, inside of the equipment was 

rinsed with water. The extract liquid obtained from the fabrics 

and rinse solution were both employed as the quality control 

samples. 

3. Results and Discussion 

The analytical procedure for the cleaning verification with 

ICP-MS was validated for the following validation 

characteristics according to the general guidelines [17, 18]. 

Limit of quantitation (LOQ) was evaluated as the minimum 

concentration at which the relative standard deviation 

obtained from the multiple injection of the phosphorous 

standard was equal to or less than 10%. From this 

investigation, the LOQ was set to be 0.02 µg/mL. From the 

definition of the limit of detection (LOD), LOD was 

established 0.007 µg/mL. 

The linearity was investigated by making injections of the 

standard solution containing phosphorous, and assessed by 

linear regression analysis with the relationship between the 

phosphorous concentration and response in count per second. 

Two calibration curves were constructed with the standard 

solutions containing phosphorous at five concentration levels 

in the range of 0.02 – 0.8 µg/mL covering the analytical 

results from the previous cleanliness verification conducted 

at the end of the oligonucleotide API manufacturing 

campaign previously conducted by Sumitomo Chemical Co., 

Ltd. One standard solution is prepared by the dilution of the 

Phosphorous standard solution 1000mg/L purchased from 

FUJIFILM Wako Pure Chemical Corporation, and another by 

dissolving oligonucleotide API. Calibration curve was 

constructed by plotting response against the phosphorous 

concentration in the standard solutions (Figure 1), and the 

two calibration curves were evaluated by regression analysis. 

 

Figure 1. Calibration curve for phosphorous. Solid line; phosphorous from 

the standard solution; dotted line, phosphorous from the oligonucleotide API. 

Correlation coefficients of these two calibration curves are 
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both 0.999. Zero point of y-axis was found in the interval of 

95% confidence level of intercept of y-axis for both two 

calibration curves, indicating that these two calibration 

curves generated in the presence or absence of the 

oligonucleotide API passed through the origin. This fact 

suggests that the spectral interference for the measurement of 

phosphorous by ICP-MS is negligible in this analytical 

procedure. Differences between the observed values and the 

calculated values from the corresponding regression line are 

scattered naturally at the corresponding concentration on the 

x-axis. Linearity of this calibration curve is evaluated 

according to the criteria described in the USP. Acceptance 

criteria for linearity is equal to or more than 0.99 for the 

impurities quantitated by the ICP-MS according to the USP. 

Our result satisfies the acceptance criteria described in the 

USP. Ratio of the two slopes for the calibration curves 

generated with and without the oligonucleotide API is 1.2, 

suggesting the correction by the factor of 1.2 is essential due 

to the non-spectral interference to evaluate the actual amount 

of phosphorous on the surface for manufacturing of 

oligonucleotide API. Based on these results, the calibration 

curve with the correction factor of 1.2 was adopted for the 

quantitation of phosphorous in the quality samples for the 

verification of cleanliness of the manufacture equipment for 

the oligonucleotide API. 

For the rinse sampling method, precision was evaluated as 

the standard deviation from regression analysis of the 

calibration curve. Point estimation of the standard deviation 

of the calibration curve showing the relationship between the 

response and the phosphorous concentration from the 

oligonucleotide API (dotted line in Figure 1) was 5.6%. This 

value satisfies the acceptance criteria for precision described 

in the USP. Acceptance criteria for precision is equal to or 

less than 20% for the impurities quantitated by the ICP-MS 

according to the USP. Our result satisfies the acceptance 

criteria described in the USP. In addition, the 90% 

confidence interval was the range of 3.4% to 16.2%. 

Accuracy was estimated to be acceptable from the linearity 

and precision of the rinse method. 

Accuracy and precision for the direct surface sampling 

method were assessed by the quantitation of the phosphorous 

from the oligonucleotide API spiked onto the metal plates 

composing the synthetic equipment for the API. An aliquots 

of oligonucleotide API in the water was spiked onto the three 

kinds of the metal plates. Spiked amount of phosphorous was 

0.9 µg, respectively. After drying to mimic the actual status 

of the equipment for oligonucleotide manufacture, the 

surface was swabbed by the fabric. The oligonucleotide 

adsorbed on the fabric was extracted into the water and 

analyzed by ICP-MS. Accuracy and precision were 

expressed as the average and the standard deviation of the 

difference between the observed amount and the spiked 

amount. Point estimation of the average of the difference 

between the observed amount and the spiked amount was 

0.7%. This value satisfies the acceptance criteria for 

accuracy described in the USP.
 
According to the USP, 

acceptance criteria for recovery is in the range of 70% to 

150% corresponding to -30% to 50% for the impurities 

quantitated by the ICP-MS. Our result satisfies the 

acceptance criteria described in the USP. Zero in the y-axis 

was in the range of the 95% confidence interval of -2.3% to 

3.7%, suggesting the negligible systematic error from the 

surface sampling method followed by the ICM-MS analysis. 

Point estimation of the standard deviation of the difference 

between the observed amount and the spiked amount was 

1.7%. This value satisfies the acceptance criteria for 

precision described in the USP (acceptance criteria for 

precision is equal to or less than 20% for the impurities 

quantitated by the ICP-MS).
 

In addition, the 90% 

confidence interval was the range of 1.2% to 3.3%. 

After the cleaning of the manufacturing equipment, the 

ICP-MS analytical procedure following the sampling method 

was applied to the actual manufacturing equipment for 

oligonucleotide API. Any amount quantitated as the residual 

oligonucleotide API on the each equipment was less than the 

LOQ level. In case of detection the trace amount of 

phosphorous was less than LOQ, the residual amount was 

estimated to remain at the level of LOQ. Total amount of 

residual oligonucleotide API were calculated from the 

swabbed area to the total surface of the equipment or the 

relationship of the volume of the rinse solution to the inside 

volume of equipment. Finally, the estimated residual amount 

was converted to the ratio of the contamination level to the 

subsequent manufacturing oligonucleotide based on the 

manufacturing scale. The estimated residual amounts on the 

manufacturing equipment are shown in Table 1. 

Table 1. Residual amount of oligonucleotide on the manufacturing equipment 

(ppm). 

Manufacturing process 
Amount of the oligonucleotide API on 

the equipment 

Solid phase synthesis < 11.2 

Annealing < 5.2 

Freeze drying < 4.9 

Total amount < 21.3 

The maximum amount of the residual oligonucleotide API 

was estimated to be 21.3 ppm to the amount of the 

oligonucleotide API in the following manufacture. This 

residual level is toxicologically acceptable to assure the 

quality of the oligonucleotide API in the subsequent 

manufacturing campaign. 

In contrast to other analytical technique, ICP-MS 

quantitate the target elemental without the molecular specific 

properties lost in the plasma ion source. Recently, some 

state-of-the-art separation techniques such as capillary 

electrophoresis, HPLC, gel electrophoresis are applied to 

selectively quantitate the target compounds with ICP-MS 

[19-22]. If these techniques are applied to the oligonucleotide 

residue on the manufacturing equipment, the full-length 

oligonucleotide are separated from the shortmers that are the 

process impurities generating from the manufacture of the 

oligonucleotide API by the deletion of a nucleotide or more 

from the full-length oligonucleotide API. If the 

oligonucleotide APIs are administered into the living system, 



4 Daisuke Furukawa et al.:  An Analytical Procedure by the Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for the  

Quantitation of Total Phosphorus Content on the Surface of the Manufacturing Equipment for Oligonucleotides 

they are immediately decomposed by the nuclease. In this 

case, from the view of safety it is not essential to separate the 

full-length oligonucleotide from shortmers, because these 

compounds are decomposed immediately into shorter 

oligonucleotides up to the corresponding nucleases in the 

living system. It is the reason that we quantitate all the 

amount of phosphorus on the surface of the manufacturing 

equipment as the target compound of the full-length 

oligonucleotide and shortmers. 

4. Conclusion 

We have developed the validated ICP-MS analytical 

procedure to quantify the total phosphorous amount on the 

manufacturing equipment surface for oligonucleotide API. 

Our analytical procedure does not require the 

time-consuming sample preparation process. This procedure 

was successively applied to verify the cleanliness of the 

equipment for the oligonucleotide API synthesis. 

Acceptable limit for the residual amount of all the 

oligonucleotides on the manufacturing equipment was set 

forth according to the threshold of the toxicological concern 

[23]. Residual amount of the oligonucleotides on the actual 

manufacturing equipment should be under the acceptance 

limit considered from the safety aspects for the patients. This 

procedure should be carried out at our factory to verify the 

cleanliness of the equipment. 
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