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Abstract

A pre-column derivatization in conjunction with HPLC-UV method was developed for determination of genotoxic impurity 
hydroxylamine hydrochloride content in Relugolix drug substance. The derivatization mechanism is that derivatization reagent 
benzaldehyde reacted with hydroxylamine to generate stable derivative benzaldoxime. Optimization of the derivatization method 
was conducted in terms of volume of the derivatization reagent solution, derivatization temperature and derivatization time. The 
optimized method was fully validated, which demonstrated it to be specific, sensitive, linear, accurate, precise and robust. The limit 
of quantitation was 12ppm, and the linear range was from 12 to 360ppm. The method was successfully applied to quantification 
of hydroxylamine hydrochloride in bulk Relugolix APIs. Finally, the method was characterized as easy operational procedure, low 
detection limit and good precision.
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Introduction
Hydroxylamine (HA) and its salt Hydroxylamine Hydrochloride 

(HA.HCl) are important reducing agents widely used in synthesis 
of pharmaceutical intermediates and drug substances [1,2]. It is 
also used as a tanning agent for leather manufacture and an anti-
oxidant for fatty acids and soaps [3]. Hydroxylamine was reported 
to be mutagenic, cytotoxic and carcinogenic [4,5]. Hydroxylamine 
caused hematotoxicity mainly, leading to methemoglobinemia and 
hemolytic anemia [6]. Therefore, developing a reliable method 
to determine trace hydroxylamine in drug substances is very im-
portant. Numerous methods have been reported for the determi-
nation of hydroxylamine, including direct measurement methods 
and derivatization methods. Direct measurement methods like 
electrochemical detection method [7,8], Ion chromatographic de 

 
tection method [9]. However, most direct methods were used for 
waste-water samples or environmental water samples and may not 
be applicative for pharmaceutical analysis with a complex matrix. 
Considering that hydroxylamine has no UV absorption and no car-
bon atoms, it is hard to determine it using conventional HPLC or GC 
methods. So, pre-column derivatization coupled with HPLC or GC 
detection are often used to determine hydroxylamine [10-13].

Relugolix is an oral small molecule Gonadotropin-Releasing 
Hormone (GnRH) receptor antagonist, indicated for the treatment 
of prostate cancer [14,15], uterine fibroids [16,17] and endometri-
osis-associated pain [18]. Hydroxylamine hydrochloride was used 
in Relugolix synthetic process and there may be potential impurity 
residue. According to the literature [19], the Permissible Daily Ex-
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posure (PDE) of hydroxylamine is 23μg/day. The maximum daily 
dose of Relugolix is 360mg. On this basis, the control limit of hy-
droxylamine hydrochloride calculated is 134ppm. However, in this 
case, a more stringent limit of 120ppm for hydroxylamine hydro-
chloride was considered with respect to test concentration. In this 
study, a simple derivatization method coupled with HPLC detection 
was described. As shown in Figure 1, the derivatization mechanism 

is that derivatization reagent benzaldehyde reacted with hydrox-
ylamine to generate stable derivative benzaldoxime. The proposed 
method was optimized and validated according to the ICH guidance. 
The method was successfully applied to quantification of hydrox-
ylamine hydrochloride in bulk Relugolix APIs. Finally, the method 
was characterized as easy operational procedure, low detection 
limit and good precision.

Figure 1: The proposed reaction mechanism between hydroxylamine hydrochloride and benzaldehyde leading to the formation of 
benzaldoxime.

Experimental
Materials and Apparatus

Materials: All the chemicals used were analytical reagent grade 
or better. Freshly prepared ultrapure water was used throughout 
the study. The following chemicals were purchased from Aladdin 
Reagent Co., Ltd. (Shanghai, China): Potassium Dihydrogen Phos-
phate (KH2PO4), Hydroxylamine Hydrochloride (NH2OH·HCl), tri-
ethylamine and benzaldehyde. Phosphoric acid was obtained from 
Macklin Biochemical Co., Ltd. (Shanghai, China). Acetonitrile was 
supplied by Concord Technology Co., Ltd. (Tianjin, China). Methanol 
was obtained from Hipure Chem (NY, USA).

Apparatus: An Agilent 1260 Infinity Ⅱ HPLC (California, Amer-
ica) coupled with UV detector under the control of OpenLab CDS 
workstation (Version 3.4) was used for the quantitative analysis 
of the derivatives. A YMC-Pack ODS-A column (150×4.6mm, 5μm) 
was used as the HPLC analytical column. A Mettler Toledo S210 pH 
meter (Zurich, Switzerland) was used for pH adjustment. A MMS8-
Pro magnetic stirrer (JOANLAB, Zhejiang, China) and a WN-060S 
ultrasonic cleaner (UL, Jiangsu, China) were used for the sample 
pretreatment. A Mettler Toledo XSR105/A Electronic balance was 
used throughout the study.

Chromatographic Conditions

The column used for HPLC was a YMC-Pack ODS-A column 
(150×4.6mm, 5μm). The mobile phase was the mixture of acetoni-
trile and phosphate buffer solution (0.01mol/L KH2PO4 aqueous 
solution was adjusted to pH 2.3) (35:65, v/v). The flow rate was 1.0 
ml/min. The temperature of column oven was 40℃. A UV detector 
was used, and the detection wavelength was set at 254nm. The in-
jection volume was 10μl. The acquisition time was 30 minutes.

Solution Preparation

Derivatization Reagent Solution: Measured accurately 1.0ml 
of benzaldehyde to a 10ml volumetric flask, dissolved and diluted 
to volume with methanol, and mixed well. Transferred 0.5ml above 
solution into a 50ml volumetric flask, dissolved and diluted to vol-
ume with water, and mixed well as derivatization reagent solution.

Standard Stock Solution: Weighed accurately 15mg of hy-
droxylamine hydrochloride standard into a 50ml volumetric flask, 
dissolved and diluted to volume with water, and mixed well. Trans-
ferred 1.0ml of above solution, accurately measured, into a 50ml 
volumetric flask, diluted to volume with water and mixed well as 
standard stock solution.

Blank Derivative Solution: 3ml of derivatization reagent solu-
tion and 20μl of triethylamine were transferred into a 10ml volu-
metric flask, diluted to volume with water and mixed well.

Standard Solution: Transferred 1.0ml of the standard stock 
solution, accurately measured, into a 10ml volumetric flask, 3ml 
of derivatization reagent solution and 20μl of triethylamine were 
added successively, diluted to volume with water and mixed well. 
Shaken well and reacted at room temperature for 0.5h.

Sample Solution: 100mg of drug substance sample was taken 
into a 20ml penicillin bottle and added 10ml of water, mixed well 
and ultrasonic extraction for 15 minutes, then filtered. Transferred 
5ml of the filtrate into a 10ml volumetric flask, 3ml of derivatization 
reagent solution and 20μl of triethylamine were added successively, 
diluted to volume with water and mixed well. After reacting at room 
temperature for 0.5h, the sample solution was obtained.

Spiked Sample Solution: 100mg of drug substance sample was 
taken into a 20ml penicillin bottle and added 2ml of standard stock 
solution and 8ml of water, mixed well and ultrasonic extraction for 
15 minutes, then filtered. Transferred 5ml of the filtrate into a 10ml 
volumetric flask, 3ml of derivatization reagent solution and 20μl 
of triethylamine were added successively, diluted to volume with 
water and mixed well. Reacted at room temperature for 0.5h, the 
spiked sample solution was obtained.

Results and Discussion
Optimization of Derivatization Condition

Effect of Volume of the Derivatization Reagent Solution: 
The effect of volume of the derivatization reagent solution was in-
vestigated by varying the volume from 0.05ml to 5.0ml. The results 
are shown in Figure 2. In the range of 0.05~2.0ml, the peak area 
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increases with the increase of the derivatization reagent solution 
volume. In the range of 2.0~5.0ml, the peak area does not change 
with the increase of derivatization reagent solution volume. Thus, 

3ml derivatization reagent solution was added to the reaction sys-
tem in the rest of the experiments.

Figure 2: Effect of volume of the derivatization reagent solution.

Effect of Derivatization Temperature: The derivatization re-
actions were conducted at 25, 35, 45, 55 and 65℃ respectively for 1 
hour. The detected derivative peak area demonstrated that there is 

very little difference observed from 25℃~65℃, as shown in Figure 
3. Therefore, the reaction was conducted at ambient room tempera-
ture.

Figure 3: Effect of derivatization temperature.

Effect of Derivatization Time: To study the effect of derivat-
ization time, the derivatization reactions were conducted for 5min, 
10min, 30min, 60min, 90min and 120min respectively. It can be 
seen from Figure 4 that the reaction of hydroxylamine hydrochlo-

ride and benzaldehyde to produce benzaldoxime is very quick, and 
the reaction can reach the end point after 5min. The peak area of 
derivative is nearly unchanged from 5min to 120min. Thus, 30min 
was selected as the appropriate derivatization time.
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Figure 4: Effect of derivatization time.

Method Validation

To establish the suitability of the presented method for deter-
mining traces of hydroxylamine hydrochloride in a drug substance, 

the validation parameters like specificity, limit of detection, limit of 
quantification, linearity, accuracy, precision, robustness and stabili-
ty were investigated. The summary of analytical method validation 
is presented in Table 1.

Table 1: Summary of the analytical method validation results. 

No. Parameters Hydroxylamine Hydrochloride

1 Specificity
Retention time: 4.856min

Resolution: 2.16

2 LOD
3.6ppm

0.018μg/ml

3 LOQ
12.0ppm0.060μg/ml

RSD 1.11%

4 Linearity

Regression equation: y=100.54573x+0.90129

r=0.99996

Linear range: 0.060~1.811μg/ml

5 Accuracy
Recovery range: 93.71%~99.67%

RSD 1.93%

6 Precision

Repeatability RSD 1.39%

Intermediate precision (interday) RSD 1.49%

Injection repeatability RSD 0.64%

7 Robustness

wavelength ±5nm

flow rate ±0.1ml/min

proportion of mobile phase ±2%

column temperature ±5℃

RSD 2.83%

8 Stability

Standard solution 24h

Sample solution 24h

Spiked sample solution 12h
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Specificity: The blank derivative solution, standard solution, 
sample solution and the spiked sample solution were precisely 
measured and injected into the HPLC system. The result shows that 
no interference of blank derivative solution was observed. Hydrox-
ylamine hydrochloride was not detected in the sample solution. The 

resolution of the derivatized product in the spiked sample solution 
meets the requirement. The retention time of the derivative in 
spiked sample solution corresponded to the retention time of the 
derivative from standard solution. The typical chromatograms are 
shown in Figure 5. The method has good specificity.

Figure 5: Chromatograms of specificity test: (a) blank derivative solution, (b) standard solution, (c) sample solution, (d) spiked sample 
solution.

Limit of Detection and Limit of Quantification: The Limit of 
Detection (LOD) was determined to be 0.018μg/ml with a signal-
to-noise (S/N) ratio of about 7, which was equivalent to 3.6ppm 
(w/w) of API. The Limit of Quantification (LOQ) was determined to 
be 0.060μg/ml with a signal-to-noise (S/N) ratio of about 18, which 
was equivalent to 12ppm (w/w) of API. The RSD of peak area of 
LOQ solutions in 6 replicates was 1.11%. The sensitivity obtained 
from this analytical method was adequate for determining hydrox-
ylamine hydrochloride in the API.

Linearity: Linearity was evaluated at seven different concen-
trations from 0.060 to 1.811μg/ml (12~360 ppm). The correlation 
coefficient (r) of the calibration curve was greater than 0.990. A 
good correlation was found between the concentration range and 
the measured responses.

Accuracy: To determine the accuracy of the proposed meth-
od, three concentration levels (50%, 100% and 150%) of standard 
analyte were added to the sample solution, and the recovery was 

evaluated. The recovery obtained of three concentration levels was 
within the ranges of 93.71%~99.67% and with an overall RSD of 
1.93%. These results indicated that the recovery was reproductive 
and consistent.

Precision: The precision of the analytical method was stud-
ied using two different measures: repeatability and intermediate 
precision (interday) in terms of RSD of spiked sample solution of 6 
replicates. The RSD of repeatability and intermediate precision was 
1.39% and 1.49%, respectively. Injection repeatability was deter-
mined by injecting the standard solution into HPLC six times and 
evaluated in terms of peak area. The RSD of peak area was 0.64%.

Robustness: To assess the robustness of the method, various 
factors were slightly changed in the experimental. The study was 
carried out with respect to wavelength 254nm±5nm, flow rate 
1.0±0.1ml/min, proportion of mobile phase ±2% and column tem-
perature 40℃±5℃. There is not much variation observed in the 
content of hydroxylamine hydrochloride in the spiked sample solu-
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tion obtained at different conditions. Hence, it concludes that the 
test method is robust for all varied conditions.

Stability: The stability of the derivative product was studied 
at room temperature. The peak area changes rate of the standard 
solution placed at room temperature for 24hours is less than 4%, 
therefore it is considered stable within 24hours. Within 24hours, 
no hydroxylamine hydrochloride was detected in the sample solu-
tion. Therefore, it is believed that the sample solution is stable with-

in 24hours. The peak area change rate of the spiked sample solu-
tion is less than 4% for 12hours. Therefore, it is considered that the 
spiked sample solution is stable within 12hours.

Application of the Method in Drug Substance

The proposed method was applied to the assessment of hydrox-
ylamine hydrochloride content in five batches of Relugolix drug 
substance. As shown in Table 2, there was detected in none of the 
batches.

Table 2: Determination result of hydroxylamine hydrochloride content in five batches of Relugolix drug substance. 

No. Batch Number Hydroxylamine Hydrochloride Content (ppm)

1 RLGL-20220101 Not detected

2 RLGL-20220102 Not detected

3 11202204001 Not detected

4 11202204002 Not detected

5 11202204003 Not detected

Conclusions
A pre-column derivatization in conjunction with HPLC-UV 

method was developed for determination of hydroxylamine hydro-
chloride content in Relugolix drug substance. The method was op-
timized in terms of volume of the derivatization reagent solution, 
derivatization temperature and derivatization time. The results of 
various validation parameters confirmed that the method is specif-
ic, sensitive, linear, accurate, precise and robust. The method was 
applied in Relugolix drug substance, and there was no hydroxyl-
amine hydrochloride detected in the drug substance. Overall, easy 
operational procedure, low detection limit and good precision are 
dominant advantages of the proposed method.

Highlights
i.	 A pre-column derivatization in conjunction with HPLC-UV 

method was developed for determination of genotoxic impurity hy-
droxylamine hydrochloride.

ii.	 The method was fully validated in several parameters, 
which demonstrated to be specific, sensitive, linear, accurate, pre-
cise and robust.

iii.	 The method was successfully applied to the assessment of 
hydroxylamine hydrochloride content in Relugolix drug substance.
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