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Abstract: The chromatographic conditions were optimized using headspace gas chromatography,
and a simple and rapid method was established for the simultaneous determination of five residual
solvents in ursodeoxycholic acid raw materials. The corresponding quality standards were revised.
The research results demonstrate that by utilizing a capillary column with a stationary phase con-
sisting of 5% phenyl-95% dimethylpolysiloxane (HP-5, 30 m × 0.32 mm, film thickness 1.0 µm) and
a flame ionization detector in conjunction with a headspace injection system and a programmed
temperature ramping method, satisfactory analytical results can be achieved. The specific operating
conditions are as follows: an initial column temperature of 45 ◦C, followed by a column temperature
increase at a rate of 5 ◦C per minute up to 60 ◦C, then a further increase at a rate of 10 ◦C per minute
up to 100 ◦C, and finally a rapid increase at a rate of 40 ◦C per minute up to 200 ◦C, where it is held
for 10 min. Nitrogen is employed as the carrier gas at a flow rate of 1 mL/min with a split ratio of 14:1.
The headspace vial temperature is maintained at 100 ◦C, with a sample equilibration time of 45 min.
The concentration of methanol ranged from 0.06 mg/mL to 0.3 mg/mL, and the concentrations
of acetone, tert-butanol, ethyl acetate, and triethylamine showed a good linear relationship with
the peak area within the range of 0.1 mg/mL to 0.5 mg/mL (r = 0.999); The quantitation limits for
methanol, acetone, tert-butanol, ethyl acetate, and triethylamine were 4.2, 0.9, 1.5, 1, and 0.1 µg/mL,
respectively, with detection limits of 1.2, 0.25, 0.025, 0.3, and 0.025 µg/mL, respectively. The recovery
rates of each solvent ranged from 92.9% to 106.0%, with RSD% (n = 9) less than 3.8%; the method
exhibited good repeatability, with RSD% (n = 6) less than 2.5%. Furthermore, the robustness is good.
The established method is simple, accurate, specific, and highly sensitive, and can be used for the
simultaneous and rapid determination of five residual solvents in ursodeoxycholic acid raw materials.

Keywords: headspace gas chromatography; ursodeoxycholic acid; residual solvents; triethylamine;
tert-butanol; ethyl acetate

1. Introduction

Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid extracted from the precious
traditional Chinese medicine material—bear bile. This compound has been widely used to
treat various liver and gallbladder diseases, and has shown significant therapeutic effects
in clinical practice. The main therapeutic mechanism involves accelerating the generation
of lipophilic bile acids, such as chenodeoxycholic acid, which are toxic to the liver, reducing
their reabsorption and thereby reducing their damage to liver cells [1–4]. UDCA has
the characteristics of non-toxicity and hydrophilicity, so it can competitively prevent the
absorption of harmful bile acid in the ileum and replace it to reduce the damage of bile
acid to liver cells. Ursodeoxycholic acid was first discovered as a gallstone-dissolving
drug in 1920, and its molecular structure was determined in 1937. It began to be used
in clinical trials in 1957, and has been widely included in the pharmacopoeias of various
countries [5–7].
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The methods for preparing ursodeoxycholic acid include the traditional bile drainage
method [8,9], chemical synthesis method [10–12], and biosynthesis method [13–15]. The
chemical synthesis method is widely used in industrial production because of its simple
operation and low reagent cost. In the synthesis process, it is usually necessary to use some
organic solvents, such as methanol, acetone, ethyl acetate, etc. [16,17]. However, organic
solvents are difficult to completely remove in synthesis reactions. if their residual amount
exceeds a certain safety standard, it may be harmful to human health.

Currently, the prevailing methods for the determination of organic solvent residues
in both domestic and international standards and literature primarily involve gas chro-
matography (GC) and headspace gas chromatography (HS-GC). The utilization of HS-GC
allows for direct sample introduction into the headspace vial. Subsequently, upon sealing
and heating, volatile components are released from the sample matrix and equilibrate
between the gas and liquid (or gas and solid) phases, enabling the direct extraction of the
headspace gas for chromatographic analysis. This approach effectively eliminates the need
for extensive and cumbersome sample pre-treatment, mitigates interference from organic
solvents, and reduces the contamination of the chromatographic column and injection
port. Although Li Ji [18] determined three residual organic solvents in ursodeoxycholic
acid, the quantity of residual solutes detected was relatively few. A simple methodological
description was provided, which was lacking an accurate method for robustness data.

According to the preparation process of ursodeoxycholic acid raw material and the
requirements of ICHQ3C [19], the solvent residue inspection items of ursodeoxycholic acid
raw material in the standard was revised. According to the technical guidelines for the
study of residual solvents in chemical drugs [20], a HS-GC method for the simultaneous
and rapid analysis of five organic solvent residues was established in China for the first
time, and comprehensive methodological research was conducted. This will provide new
data support to ensure the quality of raw materials, while also providing reliable raw
material guarantee for the subsequent preparation of new formulations. This is crucial for
ensuring the quality and safety of drugs.

2. Materials and Methods
2.1. Materials

Analytical-grade reagents such as dimethyl sulfoxide, methanol, acetone, tert-butanol,
ethyl acetate, and triethylamine were purchased from Shanghai Maclean Biochemical
Technology Co. (Shanghai, China) Deionized water was used throughout. Ursodeoxycholic
acid APIs were purchased from Nykom Pharmaceuticals Co. (Shanghai, China).

2.2. Apparatus and Operations

The quantitative HS-GC analysis was performed on an auto-headspace sampler (Agi-
lent GC 7697A, (Agilent Technology Co., Ltd., Beijing, China) connected to a GC system
(Agilent GC 7890B, Santa Clara, CA, USA) equipped with a hydrogen flame ionization
detector (FID) and a HP-5 capillary column (30 m × 0.32 mm × 1.0 µm, Agilent, Santa Clara,
CA, USA). A linear temperature program was used, initially from 45 ◦C and increased to
60 ◦C at a rate of 5 ◦C per minute, then ramped up to 100 ◦C at a rate of 10 ◦C per minute;
finally, it was raised to 200 ◦C for 10 min at a rate of 40 ◦C per minute. At a flow rate of
1.0 mL/min, nitrogen was used as the carrier, and the split ratio was 10:1. The GC injector
temperature was 200 ◦C, and FID was operated at 220 ◦C. Conditions in headspace sampler:
vial temperature = 100 ◦C; vial equilibration time = 45 min; loop temperature = 110 ◦C;
transfer line temperature = 115 ◦C; and pressurization pressure = 0.10 MPa.

2.3. Measurement Procedures

In this work, the HS-GC measurement is conducted with automated instrumental
systems in which reaction (thermostatting) time and temperature can be accurately con-
trolled. A total of 1.0 mL of sample sheet was immediately placed into a headspace vial and
sealed. The headspace vial was placed in the auto-sampler oven at 100 ◦C for 45 min for
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the phase equilibration, followed measuring the signals (peak areas) of methanol, acetone,
tert-butanol, ethyl acetate, and triethylamine released to vapor phase by HS-GC technique.

2.4. Preparation of Reference Solution and Sample Solution
2.4.1. Preparation of Residual Solvent Localization Solution

A total of 15 mg of methanol, 12.5 mg of acetone, tert-butanol, ethyl acetate, and
triethylamine were accurately weighed and placed in a 50 mL volumetric flask. The
solution was diluted with dimethyl sulfoxide to the mark, shaken well, and used as the
localization solution for each residual solvent.

2.4.2. Preparation of Reference Solution

A total of 30 mg of methanol, 50 mg of acetone, 50 mg of tert-butanol, 50 mg of ethyl
acetate, and 50 mg of triethylamine were accurately weighed and placed into a 10 mL
volumetric flask. The solution was diluted with dimethyl sulfoxide to the mark, shaken
well, and used as a reference stock solution. A total of 1 mL of the reference stock solution
was measured into a 10 mL volumetric flask, diluted with dimethyl sulfoxide to the mark,
shaken well, and used as the reference solution.

2.4.3. Preparation of Sample Solution

TA total of 1 g of this product was taken, accurately weighed, and 10 mL of dimethyl
sulfoxide were added to dissolve in it to make the sample solution.

2.5. Method Validation

Following the ICH-Q2-R1 recommendations, the proposed HS-GC approach for the si-
multaneous assessment of methanol, acetone, tert-butanol, ethyl acetate, and triethylamine
was validated for repeatability, linearity range, detection limits (LOD) and quantification
limits (LOQ), accuracy, and robustness.

The repeatability of the present method was investigated through triplicate tests on
six different samples. The linearity range for methanol, acetone, tert-butanol, ethyl acetate,
and triethylamine were assessed by plotting the concentrations of methanol, acetone, tert-
butanol, ethyl acetate, and triethylamine against measured HS-GC response. The linearity
for methanol, acetone, tert-butanol, ethyl acetate, and triethylamine were assessed using
six different concentrations for both of the compounds in triplicate (n = 3). Using a multiple
dilution method, the sensitivity of the proposed HS-GC approach for the simultaneous as-
sessment of methanol, acetone, tert-butanol, ethyl acetate, and triethylamine was evaluated
in terms of “LOD and LOQ”.

The accuracy of the proposed HS-GC approach for the simultaneous determination of
methanol, acetone, tert-butanol, ethyl acetate, and triethylamine was determined through
the percent recovery. For every residue solvent, the accuracy was tested using low-quantity
control (LQC), middle-quantity control (MQC), and high-quantity control (HQC) samples.
The accuracy was determined in standard compounds. The percent recovery was calculated
for each residue solvent quality level (n = 3). The robustness for the proposed HS-GC
approach for the simultaneous determination of methanol, acetone, tert-butanol, ethyl
acetate, and triethylamine was determined by the slight changes in the flow rates of carrier
gas and column temperature.

3. Results and Discussion
3.1. Optimization of Chromatographic Conditions
3.1.1. The Effect of Equilibrium Temperature

Different equilibrium temperatures have a significant impact on the detection of
impurities in the test sample. Therefore, it is necessary to determine the optimal equilibrium
temperature for the detection of this product. The test sample solution is measured at three
equilibrium temperatures of 60 ◦C, 80 ◦C, and 100 ◦C, and the chromatogram is recorded.
The separation and detection of each impurity are shown in Table 1.
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Table 1. The effect of different equilibrium temperature on test samples.

Equilibrium Temperature
Test Samples

Unknown Peak
(2.758 min) Acetone Tert-Butanol Triethylamine

60 ◦C

Rt (min) 2.758 3.646 3.948 6.218
Resolution —— 5.709 2.191 22.044
Peak area 45.542 411.721 2.783 12.881

Tailing factor 1.533 0.934 1.056 1.718
Number of theoretical plates 4269 10,628 13,918 119,444

80 ◦C

Rt (min) 2.758 3.645 3.949 6.212
Resolution —— 5.702 2.215 22.277
Peak area 39.932 641.844 3.963 26.420

Tailing factor 1.479 1.092 0.923 1.685
Number of theoretical plates 4335 10,403 14,349 123,073

100 ◦C

Rt (min) 2.740 3.633 3.935 6.193
Resolution —— 6.345 2.283 22.551
Peak area 3.255 712.048 9.883 36.692

Tailing factor 1.349 1.145 0.985 1.500
Number of theoretical plates 5708 11,287 15,126 118,512

The results reveal that the test outcomes at different sample equilibrium temperatures
comply with system suitability requirements, displaying no significant variance in retention
times. As the headspace equilibrium temperature rises, there is a pronounced increase in
the peak areas of the target compounds, including acetone, tert-butanol, and triethylamine.
When the equilibrium temperature reaches 100 ◦C, peak symmetry, separation, and column
efficiency improve, offering enhanced advantages for product separation. However, consid-
ering the potential risks associated with further temperature elevation, such as headspace
vial leakage and rupture, as well as the introduction of impurities and moisture that may
interfere with the accurate determination of target substances within the chromatographic
column, a headspace equilibrium temperature of 100 ◦C is ultimately selected.

3.1.2. The Effect of Equilibrium Time

Different equilibrium times have a significant impact on the detection of impurities
in the test sample. Therefore, it was necessary to determine the optimal equilibrium
time conditions for the detection of this product. The test sample solution was taken
and measured under five equilibrium time conditions of 5 min, 10 min, 20 min, 30 min,
and 45 min. The impact on the peak areas of residual solvents was investigated and the
chromatogram was recorded. The separation and detection of each impurity are shown in
Figure 1.

The results indicate that the test results of different equilibrium times meet the system
suitability requirements, and there is no significant difference in retention time. With the
extension of headspace equilibration time, the peak area of acetone and triethylamine
increases progressively, reaching its maximum when the equilibration time reaches 45 min.
For tert-butanol, the peak area also shows a slight increase with longer equilibration time.
However, the change is not very significant. Under the condition of a 45-min equilibration
time, the separation factors for acetone, tert-butanol, and triethylamine are 6.036, 2.326, and
23.145, respectively. The theoretical plate numbers are 11,794, 15,745, and 127,108, while
the tailing factors are 0.989, 1.027, and 1.701, respectively. Peak symmetry, separation, and
column efficiency are all superior to the results obtained under other conditions, further
enhancing product separation.
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Figure 1. The effect of different equilibrium times on test samples.

3.2. Method Validation

To confirm the suitability of the method for its intended purpose, the method was
validated in accordance with the ICH guidelines for system suitability and specificity.

3.2.1. System Suitability

The system suitability test was an integral part of the method development and was
used to ensure the adequate performance of the chromatographic system. A total of 1 mL
of the localization solution for each residual solvent, the reference solution and sample
solution, was taken. Then, it was injected into the gas chromatograph through headspace
injection. The chromatogram was recorded. The Resolution (R) and number of theoretical
plates (N) were evaluated for six replicate injections of the drug.

The results in Figure 2 show that the largest peak with a retention time of 8.769 min is
dimethyl sulfoxide in Figure 2a–f. The retention time of methanol is 3.054 min in Figure 2b,g.
The retention time of acetone is 3.641 min in Figure 2c,g. The retention time of tert-butanol
is 3.908 min in Figure 2d,g. The retention time of ethyl acetate is 4.991 min in Figure 2e,g,
The retention time of triethylamine is 6.192 min in Figure 2f,g. The resolution between
the impurity peaks of methanol, acetone, tert-butanol, ethyl acetate, and triethylamine,
as well as between impurities and dimethyl sulfoxide solvent, is greater than 2.0. The
column efficiency of methanol is greater than 5000, and the column efficiency of other
components is greater than 10,000, indicating good column efficiency and optimum mobile
phase composition.
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Figure 2. The chromatogram of system suitability. (a) Blank solvent; (b–f) localization solutions of
five residual solvents (0—dimethyl sulfoxide; 1—methanol; 2—acetone; 3—tert-butanol; 4—ethyl
acetate; 5—triethylamine); (g) reference solution; (h) sample solution.

3.2.2. Repeatability Test

The repeatability was calculated from six replicate injections of freshly prepared
solution, using the same equipment on the same day.

Based on six repeated injections, the result showed that the average peak area of
methanol is 316.8, with an RSD of 2.38%; acetone has an average peak area of 2328.9, with
an RSD of 1.39%; tert-butanol has an average peak area of 1460.6, with an RSD of 2.29%;
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ethyl acetate has an average peak area of 1868.6, with an RSD of 1.49%; and triethylamine
has an average peak area of 7183.2, with an RSD of 2.24%. The RSD of peak areas for all
impurities is less than 10%, indicating that the method was precise.

3.2.3. Linearity

The linearity range for five residue solvents was assessed by plotting the concentrations
of them against measured HS-GC response. Methanol, acetone, tert-butanol, ethyl acetate,
and triethylamine stock solutions were prepared separately by dissolving the prescribed
amounts of methanol, acetone, tert-butanol, ethyl acetate, and triethylamine in the requisite
volume of dimethyl sulfoxide to provide a final solution of 3 mg/mL for methanol and
5 mg/mL for other compounds. After that, serial dilutions of this solution were created
by diluting with dimethyl sulfoxide with different volumes of methanol, acetone, tert-
butanol, ethyl acetate, or triethylamine solution to obtain different concentrations range for
both substances.

The linearity for methanol was assessed using six different concentrations, including
0.06, 0.09, 0.12, 0.18, 0.24, and 0.3 mg/g (range 0.06–0.3 mg/mL). The linearity of the other
four residue solvents was assessed using six different concentrations, including 0.1, 0.15,
0.2, 0.3, 0.4, and 0.5 mg/g (range 0.1–0.5 mg/mL) for both of the compounds in triplicate
(n = 3).

Approximately 1 mL of each concentration of methanol, acetone, tert-butanol, ethyl
acetate, and triethylamine was injected into the HS-GC system, and HS-GC response for
each concentration of methanol, acetone, tert-butanol, ethyl acetate, and triethylamine
was recorded. The calibration curve for methanol, acetone, tert-butanol, ethyl acetate, and
triethylamine was constructed by plotting the concentrations of each compound against
measured HS-GC response.

The results of the linear regression analysis in Table 2 revealed a strong linear as-
sociation between residue solvent concentrations and the measured HS-GC responses.
For five residue solvents, the regression equations obtained were Y = 981.35X + 10.04,
Y = 4517.4X + 78.569, Y = 2756.5X + 45.711, Y = 3507.5X + 56.446, and Y = 14349X + 252.25,
respectively, where Y is the peak area and X is the concentration of residue solvent (mg/mL).
In addition, the values of regression coefficient (R) were calculated to be 0.9993, 0.9991,
0.9990, 0.9990, and 0.9990, respectively. Good linearity was evidenced by the high value
of the correlation coefficient and the low intercept value. These findings showed that the
suggested HS-GC approach was suitable for the simultaneous detection of residue solvents
in ursodeoxycholic acid raw materials.

Table 2. Linear results for each residual solvent (n = 3).

Residue Solvent Regression Equations R Linearity Range (mg/mL)

Methanol Y = 981.35X + 10.04 0.9993 0.06–0.3
Acetone Y = 4517.4X + 78.569 0.9991 0.1–0.5

Tert-butanol Y = 2756.5X + 45.711 0.9990 0.1–0.5
Ethyl acetate Y = 3507.5X + 56.446 0.9990 0.1–0.5

Triethylamine Y = 14,349X + 252.25 0.9990 0.1–0.5

3.2.4. LOD and LOQ

LOD was defined as a signal-to-noise ratio of 3:1. LOQ was defined as a signal-to-noise
ratio of 10:1. Therefore, the peaks heights were evaluated for this validation parameter.
The LOD values of five residue solvents were 1.2 µg/mL, 0.25 µg/mL, 0.025 µg/mL,
0.3 µg/mL, and 0.025 µg/mL, respectively. On the other hand, The LOQ values of five
residue solvents were calculated as 4.2 µg/mL, 0.9 µg/mL, 1.5 µg/mL, 1.0 µg/mL, and
0.1 µg/mL, respectively. These findings demonstrated the sensitivity of the proposed HS-
GC approach for the simultaneous measurement of five residue solvents in ursodeoxycholic
acid raw materials.
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3.2.5. Accuracy

The accuracy of the proposed HS-GC approach for the simultaneous determination
of five residue solvents was determined through the percent recovery. For methanol, the
accuracy was tested using LQC (0.18 mg/mL), MQC (0.24 mg/mL), and HQC (0.3 mg/mL)
samples. For the other four residue solvents, the accuracy was tested using LQC (0.3 µg/g),
MQC (0.4 µg/g), and HQC (0.5 µg/g) samples. The accuracy was determined in standard
compounds. The percent recovery was calculated for each solvent quality level (n = 3)
shown in Table 3.

Table 3. Results of recovery tests for each residual solvent (n = 9).

Residue
Solvents

Theoretical Concentration
(mg/mL)

Actual Concentration
(mg/mL)

Recovery
(%)

Average Recovery
(%)

RSD
(%)

Methanol

0.18 0.1808 100.4

100.6 3.45

0.18 0.1803 100.2
0.18 0.1773 98.5
0.24 0.2336 97.3
0.24 0.2410 100.4
0.24 0.2409 100.4
0.3 0.2974 99.1
0.3 0.2983 99.4
0.3 0.3282 109.4

Acetone

0.3 0.3004 100.1

98.2 2.60

0.3 0.2990 99.7
0.3 0.2894 96.5
0.4 0.3779 94.5
0.4 0.3962 99.1
0.4 0.3890 97.2
0.5 0.4746 94.9
0.5 0.4966 99.3
0.5 0.5107 101.8

Tert-butanol

0.3 0.3205 106.8

106.0 3.28

0.3 0.3185 106.2
0.3 0.3096 103.2
0.4 0.4074 101.9
0.4 0.4251 106.3
0.4 0.4270 106.7
0.5 0.5163 103.3
0.5 0.5284 105.7
0.5 0.5695 113.9

Ethyl acetate

0.3 0.3027 100.9

98.8 2.72

0.3 0.3005 100.2
0.3 0.2897 96.6
0.4 0.3804 95.1
0.4 0.3991 99.8
0.4 0.3946 98.6
0.5 0.4762 95.2
0.5 0.5002 100.0
0.5 0.5152 103.0

Triethylamine

0.3 0.2939 98.0

92.9 3.80

0.3 0.2922 97.4
0.3 0.2744 91.5
0.4 0.3527 88.2
0.4 0.3733 93.3
0.4 0.3572 89.3
0.5 0.4485 89.7
0.5 0.4755 95.1
0.5 0.4694 93.9
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The results showed that the average recovery rate of methanol was 100.6% and the
RSD of nine test results was 3.45%; the average recovery rate of acetone was 98.2% and
the RSD was 2.60%; the average recovery rate of tert-butanol was 106.0% and the RSD
was 3.28%; the average recovery rate of ethyl acetate was 98.8% and the RSD was 2.72%;
and the average recovery rate of triethylamine was 92.9% and the RSD was 3.80%. The
recovery rate measurement results indicate that the method has good accuracy and the
relative deviation meets the requirements.

3.2.6. Robustness

When the flow rates of the carrier gas were 0.9 mL/min, 1.0 mL/min, and 1.1 mL/min,
respectively, the impact of the slight changes in flow rate of the carrier gas on the test results
was investigated. When the sample equilibrium temperature changes to 90 ◦C, the impact
was investigated.

In Table 4, the results show that acetone, tert-butanol, and triethylamine were de-
tected in the test sample. the concentration of acetone changes from 0.2068 mg/mL to
0.1999 mg/mL, the concentration of acetone changes from 0.2068 mg/mL to 0.1999 mg/mL,
and the concentration of acetone changes from 0.2068 mg/mL to 0.1999 mg/mL at the
sample equilibrium temperature of 100 ◦C. The slight change in flow rate and sample
equilibrium temperature had no effect on the determination of the test sample. The method
had good robustness.

Table 4. Test results of robustness.

Conditions Contents (%)
Flow Rate of Carrier

(mL/min)
Equilibrium Temperature

(◦C) Acetone Tert-Butanol Triethylamine

0.9 mL/min 100 ◦C 0.2068 0.0026 0.0056
1.0 mL/min 100 ◦C 0.2036 0.0024 0.0057
1.1 mL/min 100 ◦C 0.1999 0.0024 0.0043
1.0 mL/min 90 ◦C 0.1999 0.0024 0.0043

3.3. Simultaneous Determination of Ursodeoxycholic Acid Samples

Four batches of test samples were taken, and triplicate injections were performed
under optimized chromatographic conditions to determine solvent residues. The average
content was calculated. The results are presented in Table 5.

Table 5. Determination results of samples.

Batch Number
Content (%)

Methanol Acetone Tert-Butanol Ethyl Acetate Triethylamine

113UA2160817 -- 0.1898 0.0076 -- 0.0077
113UA2160906 -- 0.1803 0.0072 -- 0.0063
113UA2160917 -- 0.1937 0.0074 -- 0.0034
113UA2160106 -- 0.1933 0.0077 -- 0.0039

Average content (%) -- 0.1893 0.0075 -- 0.0053

The results indicate that methanol and ethyl acetate were not detected in the four
batches of tested samples. The percentage content of acetone is 0.1803–0.1937%. The per-
centage content of tert-butanol is 0.0072–0.0077%. The percentage content of triethylamine
is 0.0034–0.0077%. The difference between batches is not very obvious. Acetone was found
to be present at a concentration of 0.1893%, tert-butanol at 0.0075%, and triethylamine at
0.0053%, all of which are in compliance with the specified standards.
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4. Conclusions

Through the development and validation of the established method, we have success-
fully created a headspace gas chromatographic method for the simultaneous and rapid
determination of five residual organic solvents in ursodeoxycholic acid raw material. Using
a capillary column with a stationary phase of 5% phenyl-95% methylpolysiloxane (HP-5,
30 m × 0.32 mm, 1.0 µm film thickness) in combination with FID and a headspace injection
system with a programmed temperature ramp, satisfactory analytical results were obtained.
Under the optimized conditions, the recoveries of various solvents ranged from 92.9% to
106.0%, with an RSD% of less than 3.8% (n = 9). The method exhibited good repeatability
and robustness, with an RSD% of less than 2.5% (n = 6). It enables the accurate and rapid
analysis of ursodeoxycholic acid raw material. In batch samples, methanol and ethyl acetate
were not detected, acetone had a content of 0.1893%, tert-butanol had a content of 0.0075%,
and triethylamine had a content of 0.0053%, all of which met the specified standards.

This method utilizes an HP-5 capillary column, which provides excellent separation
for polar compounds like methanol and acetone, as well as slightly basic compounds akin
to triethylamine. The employment of headspace injection analysis effectively circumvents
the complexities associated with direct gas chromatographic injection, addressing analytical
drawbacks. The method demonstrates precision and sensitivity that meet the requirements
for laboratory analysis and testing.

This method enables reliable quantitative analysis of the five target solvent residues in
ursodeoxycholic acid raw material. Through this approach, we can effectively control and
monitor the quality of ursodeoxycholic acid raw material, providing a dependable means
to establish its quality standards. The method developed in this study possesses distinct
specificity and practical value. Its simplicity and high accuracy make it suitable for quality
control in industrial production and analytical work in pharmaceutical inspection laborato-
ries. The research results offer reliable data support for solvent residue determination in
ursodeoxycholic acid and ensure the quality and safety of the products.
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