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ABSTRACT

Objective: In order to assess Sodium Phenylbutyrate and Taurursodiol, two active pharmaceutical components, simultaneously, this study set out
to create and validate a new RP-HPLC (Reverse Phase High Performance Liquid Chromatography) technique that was simple, responsive, and stable.

Methods: An X-bridge phenyl column with dimensions 150x4.6 mm and a 3.5 p was used in the chromatographic approach. The mobile phase
consisted of acetonitrile and 0.1% triethyl amine with a pH of 2.5, adjusted with OPA (Ortho Phosphoric Acid) in a ratio of 40:60. Isocratic elution
was used. The instrumental conditions were set to 1.0 ml/min with a detection wavelength of 266 nm using the PDA (Photo Diode Array) detector.
Validation of the proposed method was carried out according to an international conference on harmonization (ICH) guidelines.

Results: The calibration curves were linear, with a regression coefficient (R2) value of 0.999 and concentrations ranging from 75 to 450 pg/ml of
Sodium phenylbutyrate and 25-150 pg/ml of Taurursodiol. The method’s LOD (Limit Of Detection) and LOQ (Limit Of Quantification) were 0.63
ug/ml, 0.21 pg/ml, and 2.1 pg/ml, 0.7 pg/ml for Sodium Phenylbutyrate and Taurursodiol, respectively.

Conclusion: The proposed method to be fast, simple, feasible and affordable in assay condition. During stability tests, it can be used for routine

analysis of production samples and to verify the quality of drug samples during stability studies.
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INTRODUCTION

Sodium phenylbutyrate, a salt of an aromatic fatty acid, 4-
phenylbutyrate (4-PBA) or 4-phenylbutyric acid, is offered under
many trade names, including Buphenyl. The compound's
metabolites provide an alternate route for nitrogen excretion, which
is why it is utilized to treat urea cycle abnormalities [1]. Research
into sodium phenylbutyrate's potential as an anti-cancer drug and
by its roles as a chemical chaperone and histone deacetylase
inhibitor [2, 3], respectively, in protein misfolding illnesses such
cystic fibrosis [4, 5] has been prompted. Sodium phenylbutyrate has
an extremely salty and bitter taste when administered orally or by
nasogastric intubation [6, 7]. It is available as a tablet or powder. In
urea cycle disorders, a condition known as hyperammonemia [8] occurs
when the enzymes carbamoyl phosphate synthetase I, ornithine
transcarbamylase, or argininosuccinic acid synthetase are impaired,
leading to an accumulation of nitrogen waste in the blood plasma as
ammonia glutamine. This condition may be treated with this medication.
This leads to premature mortality and intellectual disability if left
unchecked. It is common for children born with urea cycle problems to
live beyond 12 mo with the help of sodium phenylbutyrate metabolites,
which the kidneys may use to eliminate excess nitrogen instead of urea.
Dialysis, amino acid supplements, and a protein-restricted dietal 1
contribute to this survival. Lifelong therapy may be necessary for certain
patients. Amenorrhea or menstrual disruption [9, 10] may have a
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negative impact on around 25% of women [9, 10]. Anorexia is
experienced by 4% of patients. The phenylbutyrate metabolism causes
3% of patients to smell bad and 3% to taste bad. Among the many
documented side effects, fewer than 2% of individuals have
gastrointestinal problems [11] and, on the other hand, largely modest
signs of neurotoxicity [12]. Sodium phenylbutyrate should not be
administered to a pregnant woman because treatment could mimic
maternal phenylketonuria [13, 14] due to the production of
phenylalanine, potentially causing fetal brain damage.

One formulation of tauroursodeoxycholic acid (TUDCA) that has an
international nonproprietary name (INN) is ursodoxicoltaurine.
Taurursodiol is another name for it. The taurine-conjugated version
of ursodeoxycholic acid (UDCA), tauroursodeoxycholic acid is a
hydrophilic bile acid [15, 16] that occurs naturally. When it comes to
bile, bears have far higher concentrations of tauroursodeoxycholic
acid and ursodeoxycholic acid than humans do. It has also been
proposed that the medicine might be useful in treating heart disease
[17, 18], Huntington's disease [19, 20], Parkinson's disease [21, 22],
amyotrophic lateral sclerosis [23, 24], and stroke in view of the
drug's ability to reduce apoptotic [25] effects. The purpose of this
research is to use RP-HPLC to determine the amounts of the
pharmaceutical components taurursodiol and sodium
phenylbutyrate. Fig. 1 shows the Chemical structures of Sodium
phenyl butyrate and Taurursodiol.
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Fig. 1: Chemical structures of (A) Sodium phenylbutyrate and (B) Taurursodiol
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So far, three UPLC (Ultra Performance Liquid Chromatography)
methods [26-28] and one HPLC method [29] have been documented
in the literature. Hence, we developed method for the quantification
of Sodium phenylbutyrate and Taurursodiol. The developed HPLC
method was utilized for the estimation of the drug by in vitro
method. Available methods were shown in table 1.

MATERIALS AND METHODS
Chemicals

The following ingredients were sourced from Merck India Ltd,
Mumbai, India: acetonitrile (HPLC-grade), orthophosphoric acid,
triethylamine, and water. Zydus Cadila of Ahmedabad was contacted
to get the sodium phenylbutyrate and taurursodiol standard APIs.
The sample is a gifted sample.

The instrumentation

Waters alliance liquid chromatography (model e-2695) monitored
with empower 2.0 data handling system and a detector of photo
diode array (model 2998) was used for this study [30, 31].

Method optimization

Various ratios of acetonitrile to phosphate buffer in the mobile
phase with isocratic mode were investigated in order to improve the
chromatographic conditions. Resolution and retention time were
both improved with trial-to-trial adjustments to the mobile phase's
composition. Because it increases the responsiveness of the active
pharmaceutical components, a pH-2.5 solution of triethylamine
adjusted with an OPA buffer and acetonitrile using isocratic elution
was finally chosen. The process was optimized by testing it with
several stationary phases, including amino phenyl columns, C8, and
C18. Using a PDA detector and an X-Bridge phenyl column of 150 x
4.6 mm, the peak shape was found to be pretty satisfactory in these
testing. To achieve sufficient sensitivity, the mobile phase flow rate
was set at 266 nm. The retention duration of sodium
phenylbutyrate, under the aforementioned circumstances, was
about 2.145 min, and the tailing factor was 0.94. Taurursodiol
retention time was 3.768 min with a tailing of 1.02 and plate count
4521, indicating the column's successful output, while the number of
theoretical plates for Sodium Phenylbutyrate was 8963. The
suggested method seems to be very accurate, as the % RSD for six
duplicate injections of Sodium Phenylbutyrate was 0.72% and for
Taurursodiol it was 1.29%. We verified the procedure according to
ICH criteria.

Validation procedure

The analytical parameters such as system suitability, precision,
specificity, accuracy, linearity, robustness, LOD, LOQ, forced
degradation and stability were validated according to ICH Q2 (R1)
guidelines [31-34].

Preparation of buffer

Dissolve 1 ml of triethylamine in 1 L of high-performance liquid
chromatography (HPLC) water, adjust the pH to 2.5 using ortho-
phosphoric acid, and filter the mixture through a 0.45 p filter paper.
(OPA improves the separation and peak shape of analytes).

Wavelength determination

In simultaneous estimation of two drugs isobestic wavelength was
used. Isobestic point is the wavelength where the molar absorptivity
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is the same for two substances that are interconvertible. So this
wavelength was used in simultaneous estimation to estimate two
drugs accurately. The absorption curve shows isobestic point at 266
nm. Thus 266 nm was selected as detector wavelength for the HPLC
chromatographic method.

Chromatographic conditions

The X-bridge phenyl (150x4.6 mm, 3.5 p) column was used in
conjunction with an acetonitrile and 0.1% TEA mobile phase and an
isocratic elution mode on a reverse-phase HPLC system operating at
a flow rate of 1 ml/min to conduct the HPLC study.

Diluent: A mixture of Acetonitrile+water (50+50) was used as
diluent.

Standard solution preparation (Sodium Phenyl Butyrate 300
pg/ml and Taurursodiol 100 pg/ml)

Accurately weighed 30 mg of Sodium phenyl butyrate and 10 mg of
Taurursodiol working standards were transferred into a 10 ml
volumetric flask, and 7 ml of diluent was added and sonicated to
dissolve it. Then, the volume was made up to the mark with diluents
(Concentration of Sodium Phenyl butyrate was 3000 pg/ml and
1000 pg/ml). Further, diluted 1 ml of the above solution was
transferred into a 10 ml volumetric flask with diluent
(Concentration of Sodium Phenyl butyrate was 300 pg/ml and 100
pg/ml). [A sonicator frequency of 40 KHz and a power of 360 W
were used].

Sample solution preparation (Sodium Phenyl Butyrate 300
pg/ml and Taurursodiol 100 pg/ml)

The samples were prepared by dissolving the sample powder
equivalent to 30 mg of Sodium phenyl butyrate and 10 mg of
Taurursodiol, and they were transferred into a 10 ml volumetric
flask, and 7 ml of diluents was added, ultra sonicated for 20 min, and
diluted up to 10 ml mark with diluents (Concentration of Sodium
Phenyl butyrate was 3000 pg/ml and 1000 pg/ml). Further, diluted
1 ml of the sample stock solution was transferred into a 10 ml
volumetric flask with diluents (Concentration of Sodium Phenyl
butyrate was 300 pg/ml and 100 pg/ml). Finally, the solution was
filtered by utilizing a 0.45 p syringe filter before injecting into the LC
column.

RESULTS AND DISCUSSION

The separation of active pharmaceutical components posed the
greatest analytical difficulty to the development of a novel approach.
We tuned the chromatographic conditions to ensure optimal
performance.

System suitability

In System suitability, injecting standard solution and reported USP
tailing and plate count values are tabulated in table 2 and the
standard chromatogram was shown in fig. 2 [35, 36].

Specificity

In this experiment, the interference was examined by separately
analyzing the placebo and standard solutions. There was no
interference of placebo with the primary peak, and the active
components were well separated from blank and their excipients, as
seen in the fig. 3 below. Hence the method is specific [37].

Table 2: Results of system suitability

System suitability parameter Sodium phenylbutyrate Taurursodiol

Mean Std Dev Mean Std Dev
USP Plate Count 8981 0.00638 4537 0.00158
USP Tailing 0.97 0.00261 1.05 0.01163
USP Resolution - - 7.05 0.00482
Retention time 2.153 0.00745 3.758 0.00359

Mean+SD (n=6)
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Linearity

The area of the linearity peak versus different concentrations has been
evaluated for Taurursodiol as 25, 50, 75, 100, 125, 150 percent dilutions
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Fig. 3: Chromatogram of blank
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[38], respectively. Linearity was performed in the range of 75-450 pug/ml

Table 3: Linearity results

of Taurursodiol and 25-150 pg/ml of Sodium Phenylbutyrate. The
correlation coefficient achieved greater than 0.999 for all. Calibration
plots of Sodium Phenyl butyrate and Taurursodiol were shown in fig. 4.

S. No. Sodium phenylbutyrate Taurursodiol
Conc. (ng/ml) Area count Conc. (ng/ml) Area count
1 75 715240 25 255496
2 150 1485769 50 516387
3 225 2201547 75 746524
4 300 2956341 100 1027458
5 375 3658246 125 1284816
6 450 4365207 150 1502389
Correl coeff 0.99993 0.99970
Slope 9739.15 10109.83
intercept 6170.89 3630.21
2990900 ] 1000009 1y =10100.83x + 3630.21
4500000 4, _ 1400000 Y = -83x -
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Fig. 4: Calibration plot of (A) Sodium Phenylbutyrate and (B) Taurursodiol
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Fig. 5: ANOVA for linearity plot of (A) Sodium phenylbutyrate and (B) Taurursodiol

Accuracy

In order to evaluate the precision of this approach, three different
concentration levels 50, 100, and 150 percent, within a
predetermined range were used. Results showed that the new
approach was both accurate and dependable. The recovery
percentages were given in table 4 [39, 40].

Precision

For the method precision research, six distinct sample solutions
were prepared and injected into the HPLC system with varying
concentrations of Sodium Phenylbutyrate (300 pg/ml) and
Taurursodiol (100 pg/ml). A range of 98% to 102% was discovered
in the test findings. The mean, standard deviation, and percentage of
reliability were determined by calculating the peak regions. These

results are given below table 5 [41]. Method precision
chromatogram was shown in fig. 6.

Intermediate precision

Each of the six sample solution replicates was independently
investigated using different instruments (Waters HPLC 2695 Alliance
model and Agilent HPLC 1200 model) on a separate day in same place.
We have computed and determined the mean and RSD values from the
peak locations. Six separate samples [42] were used for the analysis of
Taurursodiol (100 pg/ml) and Sodium Phenylbutyrate (300 pg/ml) on
separate days. Using the regions of the peaks, we were able to
determine the mean, standard deviation, and percentage of standard
deviation. With RSD values below 2% and percent assay values close
to 100%, it is clear that the present approach produces very reliable
findings. In table 6 we can see the results.

Table 4: Results of accuracy

S. No. % Level Sodium phenylbutyrate Taurursodiol

Mean % recovery Std dev Mean % recovery Std dev
1 50 98.8 0.353 99.8 0.239
2 100 100.2 0.533 99.7 0.755
3 150 98.9 0.542 98.6 0.567
n=3
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Table 5: Intraday precision results

S. No. Sodium Phenylbutyrate Taurursodiol
Conc.(ng/ml) Area counts % Assay as is Conc.(pg/ml) Area counts % Assay as is
1 300 2910417 99.1 100 1032541 99.5
2 2915326 99.3 1021574 98.5
3 2953268 100.5 1025289 98.8
4 2932514 99.8 1042040 100.4
5 2921501 99.5 1044146 100.6
6 2934712 99.9 1040578 100.3
% RSD 0.50 % RSD 0.89
Mean 99.7 Mean 99.7
SD 0.507 SD 0.889
n=6
0.25]
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Fig. 6: Chromatogram of method precision
Table 6: Inter-day outcomes of accuracy of sodium phenylbutyrate
S. No. Sodium phenylbutyrate Taurursodiol
Conc.(pg/ml) Area counts % Assay as is Conc.(pg/ml) Area counts % Assay as is
1 300 2934307 99.7 100 1024157 98.9
2 2953204 100.4 1036958 100.1
3 2934619 99.7 1030258 99.5
4 2944124 100.1 1021457 98.6
5 2965761 100.8 1036697 100.1
6 2951240 100.3 1021052 98.6
% RSD 0.43 % RSD 0.71
Mean 100.2 Mean 99.3
SD 0.427 SD 0.701
n=6
LOD and LOQ ug/ml and their s/n values are 10, and Taurursodiol was 0.7 pug/ml

The LOD concentration of Sodium Phenylbutyrate was 0.63 pg/ml
and s/n values is 3 and Taurursodiol was 0.21 pg/ml and s/n values
is 3. The LOQ concentration for Sodium Phenylbutyrate was 2.1

and s/n values is 10. The method is validated as per the ICH
guidelines [43, 44]. To establish the least conc 0.63, 0.21 pg/ml.
These are detected in HPLC and LCMS detects 103 times of HPLC. So
that they can be easily detected in LCMS.

Table 7: LOD and LOQ for sodium phenylbutyrate

Sodium phenylbutyrate Taurursodiol

LOD LOQ LOD LOQ

Concentration s/n Concentration s/n Concentration s/n Concentration s/n
0.63ug/ml 3 2.1pug/ml 10 0.21pg/ml 3 0.7ug/ml 10
Robustness conditions. The efficacy of the approach for product degradation has

Intentionally changing the experiment's design allowed us to assess
the system's resilience. Modifications like this may alter the organic
ratio, the flow rate. The results were robust and tabulated in table 8
[45]. According to ICH guidelines flow rate was changed in robustness.

Degradation studies

Samples of taurursodiol and sodium phenylbutyrate were partially
degraded by subjecting them to a range of forced degradation

been the subject of research [46, 47]. The studies also describe the
drug's unstable settings, which adds further information. In order to
prevent potential instability, it is necessary to take the necessary
measures during formulation [48, 49].

Acid degradation

In acid degradation, the 100 mg of sample having 1 ml of 1 N HCI was
transferred into a 10 ml volumetric flask and remains undisturbed for
15 min. After 15 min neutralized with 1 ml of 1 N NaOH. Then, it was
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made up to the mark with diluent. Further, diluted 1 ml of the above
solution was transferred into a 10 ml volumetric flask with diluent and
then filtered and injected into HPLC system.

Alkali degradation

In alkali degradation, the 100 mg of sample having 1 ml of 1 N NaOH
was transferred into a 10 ml volumetric flask and remains
undisturbed for 15 min. After 15 min neutralized with 1 ml of 1 N HCL
Then, it was made up to the mark with diluent. Further, diluted 1 ml of
the above solution was transferred into a 10 ml volumetric flask with
diluent and then filtered and injected into HPLC system.

Peroxide degradation

In peroxide degradation, the 100 mg of sample, having 1 ml of 10%
hydrogen peroxide was transferred into a 10 ml volumetric flask
and remains undisturbed for 15 min. After 15 min, it was made up to
the mark with diluent. Further, diluted 1 ml of the above solution
was transferred into a 10 ml volumetric flask with diluent and then
filtered and injected into HPLC system.

Reduction degradation

In reduction degradation, the 100 mg of sample having 1 ml of 10%
sodium bi sulphite solution was transferred into a 10 ml volumetric
flask and remains undisturbed for 15 min. After 15 min, it was made
up to the mark with diluent. Further, diluted 1 ml of the above
solution was transferred into a 10 ml volumetric flask with diluent
and then filtered and injected into HPLC system.

Int ] App Pharm, Vol 18, Issue 1, 2026, 380-388

Thermal degradation

In thermal degradation, 150 mg sample powder was weighed in a
petri dish and exposed to dry heat at 105 °C for 6 h. After that, 100
mg of Sodium phenyl butyrate and Taurursodiol exposed sample
was weighed, transferred into a 10 ml volumetric flask, and
dissolved in a diluent. Then, it was made up to the mark with
diluent. Further, diluted 1 ml of the above solution was transferred
to a 10 ml volumetric flask with diluent.

Photo degradation

In photolytic degradation, 200 mg of sample was placed in photo
stability chamber for 6 h. After that, 100 mg of Sodium phenyl butyrate
and Taurursodiol exposed sample was weighed, transferred into a 10 ml
volumetric flask, and dissolved in a diluent. Then, it was made up to the
mark with diluent. Further, diluted 1 ml of the above solution was
transferred to a 10 ml volumetric flask with diluent.

Hydrolysis degradation

In hydrolysis degradation, the 100 mg of sample having 1 ml of
HPLC water was transferred into a 10 ml volumetric flask and
remains undisturbed for 15 min. After 15 min, it was made up to the
mark with diluent. Further, diluted 1 ml of the above solution was
transferred into a 10 ml volumetric flask with diluent and then
filtered and injected into HPLC system.

We can see all of the degradation findings in table 9 and the
degradation chromatograms were shown in fig. 7-11.

Table 8: Robustness data of sodium phenylbutyrate

Parameter name Sodium phenylbutyrate Taurursodiol
Mean SD %RSD Mean SD %RSD
Flow minus (0.9 ml/min) 99.7 0.513 0.51 99.6 0.777 0.78
Flow plus (1.1 ml/min) 99.6 0.361 0.36 99.6 0.651 0.65
Organic minus (36:64) 99.9 0.700 0.70 99.8 0.513 0.51
Organic plus (44:56) 99.8 0.569 0.57 99.3 0.624 0.63
RSD-Relative standard deviation; All the values are presented as mean+SD (n=3)
Table 9: Forced degradation results of sodium phenylbutyrate
Degradation condition Sodium phenylbutyrate Taurursodiol
Mean % assay Std deviation % Deg Mean % assay Std deviation % Deg
Control degradation 99.9 0.15275 - 100 0.28475 -
Acid degradation 86.7 0.20043 13.2 87.1 0.14239 129
Alkali degradation 87.1 0.15213 12.8 88.3 0.19412 11.7
Peroxide degradation 85.2 0.36056 14.7 85.6 0.32016 14.4
Reduction degradation 90.1 0.32141 9.8 96.7 0.08475 3.3
Hydrolysis degradation 99.1 0.12034 0.8 98.4 0.12123 1.6
Thermal degradation 96.4 0.01753 3.5 90.9 0.16374 9.1
Photolytic degradation 95.5 0.18964 4.4 97.5 0.09678 2.5
Data expressed as mean+SD (n=3)
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Fig. 7: Chromatogram of acid degradation
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Fig. 11: Chromatogram of thermal degradation
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CONCLUSION

When tested on pharmaceutical formulations including both Sodium
Phenylbutyrate and Taurursodiol, the established technique
demonstrated high levels of accuracy, precision, and reliability. The
technique was tested for its ability to accurately and precisely
degrade Sodium Phenylbutyrate and Taurursodiol under controlled
conditions, as well as its resilience. The approach's validity and the
findings achieved by this method are in reasonable agreement, since
all parameters were determined to have RSD values less than 2.
Sodium phenylbutyrate and taurursodiol may now be more
accurately analyzed using this approach. This method is applied to
LCMS also, but we used ortho-phosphoric acid in the buffer
preparation. So, the method is applied to LCMS by modifying the
buffer, because ortho-phosphoric acid was not used in LCMS.
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