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Development and Validation of an HPLC Method
for Determining Prednisolone in Dietary Supplements
Thurayia Adnan Jihad ,  Asst. Prof. Sarhan Ali Salman
Abstract :

The widespread use of dietary supplements for enhancing physical performance and gen-
eral well-being has raised significant safety concerns due to the adulterating for some products
with undeclared pharmaceutical substances. Prednisolone, a potent synthetic glucocorticoid, is
among the most frequently detected illicit additives. This study aimed to develop and validate
a high-performance liquid chromatography (HPLC) method for simultaneously quantitatively
determining prednisolone and other pharmacologically active substances in commercial dietary
supplements.

International validation criteria validated the analytical method, including linearity, accu-
racy, and precision. Calibration curve for prednisolone demonstrated excellent linearity (R? >
0.99) over the tested concentration ranges. Accuracy, expressed as recovery percentage, ranged
from 95.2% to 103.4%, and precision (RSD%) was below 1.1% for all analytes.

Application of the validated method to seventeen randomly selected dietary supplement
products revealed the presence of prednisolone in nine samples, with concentrations ranging
from 3.66 to 378.69 pg/ml. These findings indicate a potentially serious public health risk due
to the unauthorized presence of corticosteroids and stimulants in non-compliant dietary supple-
ments.

This study underscores the urgent need for stricter regulatory oversight and routine ana-
lytical screening of dietary supplements. The validated HPLC method provides a reliable and
reproducible approach for detecting such adulteration.

Key words: HPLC, Prednisolone, dietary supplements, pharmaceutical adulteration, corti-
costeroids, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), regula-
tory oversight, quantitative analysis, qualitative analysis, public health.
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1- Introduction

Nutritional supplements are ex-
tensively used for their recognized
benefits in supporting physical and
cognitive performance. However, the
increasing incidence of adulteration in
these products through the addition of
banned synthetic pharmaceutical sub-
stances such as corticosteroids has be-
come a growing concern for both reg-
ulatory and health authorities. Among
these compounds, prednisolone, a po-
tent synthetic glucocorticoid, is one of
the most frequently reported adulter-
ants in nutritional supplements(1).

The unauthorized inclusion of pred-
nisolone poses a serious health risk
to consumers, as its uncontrolled use
is associated with potentially serious
side effects, including suppression of
the immune system, increased risk of
osteoporosis, and metabolic disorders.
These concerns highlight the urgent
need to develop accurate and reliable
analytical mechanisms to monitor its
presence in products available on the
market(2).

High-performance liquid chroma-
tography (HPLC) i1s a widely recog-

nized pharmaceutical and food control
technique thanks to its high resolu-
tion, excellent sensitivity, and ability
to separate and identify trace amounts
of compounds within complex ma-
trices(3). Several methods have been
documented using HPLC to determine
prednisolone in various samples, such
as pharmaceuticals and biological flu-
ids. Still, the analysis of dietary sup-
plements remains a challenge due to
their multiple components and varying
composition, which may lead to ana-
lytical interferences that affect the ac-
curacy of the results(4).

This study aims to develop a quan-
titative analytical method using HPLC
to determine prednisolone in a selec-
tion of commercially available dietary
supplements, evaluated based on inter-
national validation criteria of linearity,
precision, repeatability, limits of detec-
tion, and quantification(5). The study
also seeks to evaluate the extent of
prednisolone adulteration in the mar-
ket, contributing to strengthening con-
trol systems and ensuring the safety of
consumer products(6). The results of
this work represent an important addi-

tion to ongoing monitoring and surveil-
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lance efforts aimed at protecting public
health and promoting transparency in

the dietary supplement market(7).

2- Materials and Instruments

This section describes the chemical
reagents, analytical instruments, and
sample materials employed for detect-
ing and quantifying prednisolone and
related compounds in dietary supple-

ments using high-performance liquid

chromatography (HPLC).

2-1 Chemical Materials

All reagents used in this study were
of analytical grade. These included
methanol and deionized water (DI-
H:0). Standard solutions of prednis-
olone prepared at a concentration of
1000 pg/ml. Details are provided in
Table 1.

Table 1: Chemical Materials and Suppliers

Item Material Name Chemical For- Purity o Supplier
mula concentration
| Deionized Water DI-H20 - Sigma
2 Methanol CH30H 99.9% Sigma

3- Instruments

Analytical measurements were con-
ducted using high-precision laboratory
instruments listed in Table 2, including
a high-performance liquid chromato-
graph (Agilent 1260 Infinity II, USA)
and an atomic absorption spectropho-
tometer (PerkinElmer AAnalyst 400,
USA). Analytical procedures were
conducted using a High-Performance

Liquid Chromatography (HPLC) sys-
tem (Agilent 1260 Infinity II, USA)
with a UV absorbance detector.

The following HPLC columns were
employed: For corticosteroids and caf-
feine: Agilent SB-CN column (250
mm X 4.6 mm, 5 pm). For ephedrine:
Thermo Scientific C18 column (250

mm X 4.6 mm, 5 um).
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Table 2: Instruments Used
Item Instrument Name Model and Origin

1 Electronic Balance Sartorius Entris 2241, Germany
2 Magnetic Stirrer IKA C-MAG HS 7, Germany
3 Drying Oven Memmert UNS5S5, Germany
4 High-Performance Liquid Chromatograph Agilent 1260 Infinity II, USA

4- Samples
prednisolone was procured from

certified sources with purity levels

ranging from 99% to 100%. These are

summarized in Table 3.

Table 3: Organic Materials for Determination

Item Material Name

Chemical Formula Purity

1 Prednisolone

C, H, O

21772875

99.7%

4-1 Sample Collection

Seventeen dietary supplement prod-
ucts were randomly purchased from
local markets and fitness centres. The
samples varied in form (protein pow-
ders, capsules, mass gainers), origin
(USA, UK, Poland, Iraq), and packag-
ing (plastic containers and nylon bags).
Detailed information was recorded, in-
cluding product name, manufacturer,

country of origin, and packaging type.

5- Preparation
of Tools and Glassware

All glassware and laboratory tools
were thoroughly cleaned with tap wa-
ter, rinsed with distilled and deionized
water, and dried in a laboratory oven
before use.

5-1 Preparation of Standard Solu-
tions

The target analytes ¢ stock standard
solutions (1000 pg/mL) were prepared
by accurately weighing 1.0 g of each

pure compound and dissolving it in
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Table 4: Dietary Supplement Samples Analyzed

Code Product Name Manufacturing Company (g%fgﬁl Packaging Type
A Test + GH BioTech USA Plastic Container
B MASS Protein Applied Nutrition UK Plastic Container
C ISO Protein MBN Poland | Plastic Container
D ISO Protein Bar Mass USA Plastic Container
E Gold lean Mass Kevin Levrone USA Nylon Bag
F ISO Protein Black USA Plastic Container
G MASS Protein ANS USA Nylon Bag
H ISO Protein Kevin Levrone USA Plastic Container
| 150+ Whey + hydro Fitness Authority (FA) | Poland | Plastic Container

Protein
J Whey Protein Fitness Authority (FA) | Poland | Plastic Container
K REDOCNI Muscle Pharm USA Plastic Container
L Whey Protein Kevin Levrone USA Plastic Container
M Pure Whey ISO YAVA LABS UK Plastic Container
N BCAA Applied Nutrition UK Plastic Container
Weight gain supple- Capsules in Plastic
0 men%c C%)LOMp]gIA COLOMBIA Iraq ) Container
p Weight gaiq supple- Abu Zahraa Iraq Capsules ip Plastic
ment Filler Container
Weight gain supple- Capsules in Plastic
R rrglenég PUMI;F PUMA Iraq P Container

methanol in 100 mL volumetric flasks.
These were further diluted to the re-
quired calibration levels for analysis.

5-2 Sample Preparation for HPLC
Analysis

Approximately 1 gram of each di-
etary supplement sample was weighed
and dissolved in 40 mL of methanol
using a mechanical shaker for 1 hour.
The mixture was left to stand for 5

minutes, shaken again, then subjected
to gentle heating (not exceeding 50°C).
The solution was filtered and evaporat-
ed to dryness at room temperature. The
residue was reconstituted in 3 mL of
methanol and filtered before injection
into the HPLC system.

5-3 Chromatographic
tions(8—10)

For Prednisolone and Related Com-

condi-
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pounds:
Column: Agilent SB-CN (250 mm
X 4.6 mm, 5 um)
Mobile phase: Methanol: Water
(1:1, v/v)
Flow rate: 1.0 mL/min
Injection volume: 24 pL
Detection wavelength: 250 nm
Run time: 15 minutes
All chromatographic analyses were
performed at ambient room tempera-

ture.

6- Results

The analysis of dietary supplements
for the presence and quantification of
prednisolone and other related sub-
stances was performed using High-Per-
formance Liquid Chromatography
(HPLC) under optimized conditions.
The method’s performance was evalu-
ated by constructing calibration curves
and determining linearity, accuracy,

and precision.

7- Calibration
Curves and Linearity
Calibration curves were constructed
for prednisolone by plotting the cor-
responding standard concentrations

against the peak areas. The method’s
linearity was assessed based on the
correlation coefficient (R?) values ob-
tained from the linear regression anal-
ysis of the calibration curves(11). The
results, including the linear equations
and R? values for each compound, are
summarized in Table 5.

The high R? indicate excellent lin-
earity of the method within the tested
concentration ranges for all analyzed
compounds, demonstrating a strong
correlation between peak area and con-

centration.
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Table 5: Summary of Calibration Curve Parameters for Analyzed Compounds

: . Linearity
2
Compound Linear Equation | R? Value | Slope Intercept range pg/mL
Prednisolone | Y=12.9330x - 45.81 | 0.9995 | 12.9330 45.81 5-100

Calibration results for prednisolone
demonstrated excellent linearity over
the tested range (R? = 0.9995), as sum-
marized in Table 5.

To visually confirm the retention

time and chromatographic perfor-

mance of the method, a standard solu-
tion of prednisolone (5 pg/mL) was an-
alyzed using HPLC under the specified
conditions.

The chromatogram is shown in Fig-

ure 2
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8- Accuracy and Precision

Method accuracy and precision
were assessed by analyzing a spiked
dietary supplement sample (Sample
M) containing each analyte’s known
concentration (5 pg/mL). Accuracy
was determined by calculating the re-
covery percentage (%REC), while pre-
cision was evaluated based on the rela-
tive standard deviation (%RSD) of ten

replicate injections(12).
Prednisolone exhibited recovery
values within the generally accepted
96.8% range, indicating high analytical
accuracy. Moreover, the %RSD values
were consistently below 2%, confirm-
ing the method’s precision and repro-
ducibility. Detailed results are summa-

rized in Table 6 .

Table 6: Accuracy and Precision of the HPLC Method

Mean Measured concen- | Known concentration o o RSD

Compound tration (ng/mL) (ug/mL) RE% | REC (%) (%)

Predniso- 4.84 5 02| 968 | 1.03
lone
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The recovery percentages for Pred-
nisolone were within acceptable limits
(typically 96.8% for analytical meth-
ods), indicating good method accura-
cy. The low RSD% values (all below
2%) demonstrate high precision and
reproducibility of the measurements.

(Note: Figures illustrating the ac-
curacy and relative error and SD and
RSD% values would typically be in-
cluded here. These figures would vi-
sually represent the method’s per-

formance in terms of accuracy and

precision.)

9- Limit of Detection (LOD) and
Limit of Quantification (LOQ)
The LOD and LOQ were deter-
mined using the standard deviation
(SD) of the response and the slope (S)
of the calibration curve according to
the following formulas:(13)
LOD=3xSD)/S
LOQ=(10xSD)/S

Table 7 Representative results for selected analytes

Compound Slope (S)

SD

LOD (ug/mL) | LOQ (ng/mL)

Prednisolone 0.0773

0.06

0.02 0.0066

These values confirm that the devel-
oped HPLC method is sufficiently sen-
sitive to detect trace amounts of the tar-
get analytes in complex matrices such

as dietary supplements.

10- Determination
of Prednisolone and Other Sub-
stances in Dietary Supplements
The developed and validated HPLC
method was applied to determine the

presence and concentration of pred-

nisolone in various dietary supplement
samples. The concentrations of the
detected compounds were calculated
using the respective calibration curve
equations and the peak areas obtained
from the analysis of each sample(14).

The calculated concentrations for
prednisolone in the analyzed samples
are presented in Table 8.
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Table 8: Calculated Prednisolone concentrations in Dietary Supplement Samples

Sample Sample Name Peak Area | Calculated concentration

Code (mAs) (ng/mL)
A Test + GH 157.1 15.70903
C ISO Protein 184.6 17.83478
D ISO Protein 6.5 4.06765
F ISO Protein 70.0 8.9762
H ISO Protein 30.6 5.9305
J Whey Protein 45.2 7.05916
N BCAA 1.3 3.66569

Weight gain supplement

0  COLOMBIA 4852.9 378.69437
P Weight gain supplement Filler 360.0 31.3932
R Weight gain supplement PUMA 406.2 34.96446

The validated HPLC method was ap-

plied to seventeen dietary supplement

Representative chromatograms of
selected positive samples are present-
samples. Prednisolone was detected in ed below to illustrate the presence of
multiple samples with varying concen- prednisolone at a retention time of ap-

trations, as shown in Table 8. proximately 5.10 minutes
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Fig.3 HPLC chromatogram of sample A
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11- Discussion

The results obtained from the HPLC
analysis provide valuable insights into
the presence and concentration of
prednisolone and several other phar-
macologically active substances in the
analyzed dietary supplement samples.
The developed and validated HPLC
method demonstrated good lineari-
ty, accuracy, and precision for the si-
multaneous determination of these
compounds, as evidenced by the high
correlation coefficients (R?) of the cal-
ibration curves, acceptable recovery
percentages, and low relative standard
deviations (RSD%) from the method
validation study.

The accuracy and precision results
further support the suitability of the de-
veloped HPLC method for the intend-
ed purpose. The recovery percentages,
generally within the acceptable range
of 90-110%, suggest that the method
can accurately quantify the target com-
pounds in the matrix of dietary supple-
ments. The low RSD% values indicate
that the method is reproducible and
reliable, providing consistent results
upon repeated analysis.

The application of the validated
method to the dietary supplement sam-
ples revealed the presence of several
of the targeted compounds in varying
concentrations. Specifically, predniso-
lone was detected in multiple samples.
The presence of prednisolone, a potent
corticosteroid, in dietary supplements
is a significant finding, as it is a pre-
scription medication with potential
side effects, and its undeclared pres-
ence poses serious health risks to con-
sumers, especially those with underly-
ing health conditions or those who may
be taking other medications.

Detecting other pharmacological-
ly active substances like caffeine and
ephedrine in some samples is also
noteworthy. While caffeine 1s a com-
mon ingredient in some supplements,
its presence should be declared, and
the concentration should be within
safe limits. Ephedrine, a stimulant, has
been associated with significant health
risks and is banned in many countries
for use in dietary supplements. Such
undeclared or potentially harmful sub-
stances underscore the importance of
stringent quality control and regulato-
ry oversight of the dietary supplement
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industry.

Comparing these findings with exist-
ing literature on the analysis of dietary
supplements for undeclared substances
is crucial. Numerous studies have re-
ported the adulteration of dietary sup-
plements with various pharmaceutical
ingredients, including corticosteroids,
stimulants, and weight-loss drugs.
These studies often highlight the chal-
lenges in detecting such adulterants due
to variations in concentration, masking
agents, and the complexity of supple-
ment matrices. The HPLC method de-
veloped in this study demonstrates its
capability to detect and quantify some
of these substances, contributing to the
analytical tools available for monitor-
ing supplement quality and safety.

The presence of high concentrations
of prednisolone in some samples, as
calculated in this study, is particular-
ly concerning. Prednisolone is typi-
cally prescribed at much lower doses,
and its unsupervised use can lead to
severe side effects, including immune
system suppression, adrenal insuffi-
ciency, osteoporosis, and psycholog-
ical disturbances. The levels detected
in some samples could lead to signifi-

cant health issues for consumers. This
finding emphasizes the critical need for
regulatory bodies to actively monitor
dietary supplements for the presence of
potent pharmaceuticals and take action
against products found to be adulterat-
ed.

Furthermore, the study’s findings
highlight the importance of robust an-
alytical methods for accurately deter-
mining active compounds and poten-
tial adulterants in dietary supplements.
With its versatility and sensitivity,
HPLC remains a cornerstone tech-
nique for such analysis. The method
described in this research, with its val-
idated parameters, provides a reliable
approach for simultaneously determin-
ing prednisolone and other related sub-
stances.

Future research could expand the
analysis scope to include a wider
range of potential adulterants com-
monly found in dietary supplements.
Additionally, investigating the source
of contamination or adulteration in
the supply chain of these supplements
would be valuable in preventing their
distribution.
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12- Conclusion

This study successfully developed
and validated an HPLC method for de-
termining prednisolone and other relat-
ed substances in dietary supplements.
The method demonstrated excellent lin-
earity, accuracy, and precision, making
it suitable for quantitatively analyzing
these compounds in complex matrices.
The application of this method to a se-
lection of dietary supplement samples
revealed the presence of prednisolone
in several products. This finding is of
significant concern due to the potential
health risks associated with the unde-
clared consumption of corticosteroids.
The study also detected other pharma-
cologically active substances like caf-
feine and ephedrine in some samples,
further highlighting the issue of adul-
teration in the dietary supplement mar-
ket. The results underscore the critical
need for rigorous quality control and
regulatory monitoring of dietary sup-
plements to ensure consumer safety
and prevent the distribution of prod-
ucts containing undeclared and poten-
tially harmful pharmaceutical ingredi-

ents. Future research should broaden

the scope of analysis to detect a wider
range of adulterants and investigate the
sources of contamination within the
supply chain.

The primary objective of this study
is to develop and validate a reliable
and sensitive High-Performance Lig-
uid Chromatography (HPLC) method
for detecting and quantifying pred-
nisolone and other pharmacological-
ly active compounds in commercially
available dietary supplements. This an-
alytical approach is designed to meet
international validation criteria, in-
cluding linearity, accuracy, precision,
limit of detection (LOD), and limit of
quantification (LOQ), to ensure its ap-
plicability in real-world regulatory and
quality control settings.

This study is significant because it
contributes to public health protection
by addressing the growing concern of
dietary supplement adulteration with
undeclared corticosteroids and stimu-
lants. Prednisolone, a potent synthetic
glucocorticoid, is frequently added il-
licitly to enhance the physiological ef-
fects of these products, posing serious
health risks to unsuspecting consum-

ers. By providing a validated and re-
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producible method for detecting such
adulterants, this study supports regu-
latory agencies and quality assurance
laboratories in their efforts to monitor,
evaluate, and enforce safety standards
in the dietary supplement industry.
Moreover, this research adds to the
scientific literature by offering quanti-
tative data on the prevalence and con-
centration of prednisolone in locally
and internationally marketed supple-
ments, highlighting the urgent need for
routine screening and stricter regulato-

ry oversight.

13- References

1. Qin S. Dietary Supplements. In:
Handbook of Molecular Biotechnolo-
gy. Boca Raton: CRC Press; 2024. p.
493-502.

2. Lam YWEF. Neuropsychiatric ef-
fects of glucocorticoids. The Brown
University Psychopharmacology Up-
date. 2024 Apr 4;35(4):2-2.

3. Manivardhan Reddy M, Srinu D,
Sampath Kumar Reddy G, Ramadevi K.
CUTTING-EDGE DEVELOPMENTS
IN HPLC FOR IDENTIFYING PRO-
CESS IMPURITIES: A REVIEW ON
METHOD OPTIMIZATION AND

VALIDATION. Int J Adv Res (Indore).
2025 Jan 31;13(01):68-72.

4. Shivani BK Dubey,
Deepak Basedia, Sunil Shah, Vivek
Singh Thakur, Ashok Kumar Bud-
hwani, et al. HPLC method develop-
ment and validation for the estimation

Jaiswal,

of methyl prednisolone in marketed
formulation. World Journal of Biology
Pharmacy and Health Sciences. 2024
Oct 30;20(1):276-88.

5. Shariati Pour SR, Emamiamin
A, Zangheri M, Calabria D, Guardigli
M, Porru E, et al. Analysis of Gluco-
corticoids as Potential Adulterants in
Cosmetic Products: A Dual Approach
for Qualitative and Quantitative Evalu-
ation Based on ELISA and HPLC-MS
Methods. Applied Sciences. 2025 Jan
4;15(1):414.

6. Luaibi HM, S. Al-Janabi KW,
Mahmood AK, Dheyab Sallal T, Gaaz
TS. DEVELOPMENT OF A SPEC-
TROPHOTOMETRIC  DETERMI-
NATION OF PREDNISOLONE IN
DIFFERENT DOSAGE FORMS. Ma-
laysian Journal of Science. 2024 Sep
30;43(3):30-6.

7. Kozhuharov VR,
Ivanova S. Monitoring Dietary Sup-

Ivanov K,



Development and Validation of an HPLC Method for Determining Prednisolone
in Dietary Supplements ....................c.......... Thurayia Adnan Jihad

, Asst. Prof. Sarhan Ali Salman

|| 462

plements for Undeclared Diuretics
as a Strategy for Preventing Uninten-
tional Doping. Processes. 2025 Jan
1;13(1):79.

8. Jamshaid T, Sajjad Feras K, Mu-
salim Albluwi M, Hussain A, Ikram
Dar U. Optimization and Evaluation of
Column Efficiency in RP-HPLC Meth-
od for Pharmaceutical and Forensic
Drug Analysis. Arab Journal of Foren-
sic Sciences and Forensic Medicine.
2024 Jul 11;6(Special Issue):145-54.

9. Abdelhamid NS, Farid NF,
Anwar BH, Magdy MA. Develop-
ment of HPLC-UV Method for Si-
multaneous Determination of Corti-
costeroid Co-Administered Immune
Therapy. J Chromatogr Sci. 2024 Jul
10;62(6):554-61.

10.Ahmed R. High-Performance
Liquid Chromatography (HPLC): Prin-
ciples, Applications, Versatality, Effi-
ciency, Innovation and Comparative
Analysis in Modern Analytical Chem-
istry and In Pharmaceutical Sciences.
2024.

11.Sharma A, Lazarus K, Papado-
poulou D, Prabhudev H, Tan T, Meer-
an K, et al. Optimizing prednisolone or

prednisone replacement in adrenal in-

sufficiency. Endocr Connect. 2023 Jul
26;12(8).

12.Tim Cao Z, Rej R, Vesper H, Rex
Astles J. Accuracy-based proficien-
cy testing for estradiol measurements.
Clin Biochem. 2024 Feb;124:110700.

13.Pandelova A, Stoyanov N, Dz-
hudzhev B. Determination of Limit
of Detection in Electrochemical Bio-
sensors. In: 2023 International Scien-
tific Conference on Computer Science
(COMSCI). IEEE; 2023. p. 1-4.

14.Petkova-Gueorguieva E, Gue-
orguiev S, Lebanova H, Mihaylova A,
Madzharov V. Investigation of the con-
tent of anabolic steroids in food sup-
plements used in sports practice. All
Life. 2023 Dec 4;16(1).



