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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 (R² > 
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 µg/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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مستخلص:
الاســتخدام الواســع للمكمــات الغذائيــة بهــدف تعزيــز الأداء البــدني والرفاهيــة العامــة قــد أثــار مخــاوف كبــرة تتعلــق بالســامة، بســبب 
ــة  ــر المــواد المضاف ــد صناعــي قــوي، مــن أكث ــون، وهــو غلوكوكورتيكوي ــة. يُعــد البريدنيزول ــة غــر معلن غــش بعــض المنتجــات بمــواد دوائي
 )HPLC( غــر القانونيــة التــي يتــم اكتشــافها بشــكل متكــرر. هدفَــت هــذه الدراســة إلى تطويــر طريقــة كروماتوغرافيــا الســائل عاليــة الأداء
والتحقــق مــن صحتهــا مــن أجــل التحديــد الكمــي المتزامــن للبريدنيزولــون وغــره مــن المــواد الفعالــة دوائيًــا في المكمــات الغذائيــة التجاريــة.
ــرت  ــة. أظه ــة، والتكراري ــة، والدق ــك الخطي ــا في ذل ــق، ب ــة للتحق ــر الدولي ــاً للمعاي ــة وفق ــة التحليلي ــة الطريق ــن صح ــق م ــم التحق ت
ــر عنهــا بنســبة  ــة، والـمُعـ ــرة. تراوحــت الدق ــز المخت ــات التركي ــازة )R² < 0.99(  ضمــن نطاق ــة ممت ــون خطي ــرة للبريدنيزول ــات المعاي منحني

الاســرداد، بــن %95.2 و%103.4، وكانــت التكراريــة )RSD%( أقــل مــن %1.1 لجميــع المــواد المحللــة.
أظهــر تطبيــق الطريقــة الـمُتحـــقق منهــا عــى ســبعة عــر منتجًــا مــن المكمــات الغذائيــة تــم اختيارهــا عشــوائيًا وجــود البريدنيزولــون في 
تســعة عينــات، بتراكيــز تراوحــت بــن 3.66 إلى 378.69 ميكروغرام/مــل. تشــر هــذه النتائــج إلى خطــر صحــي عــام محتمــل وخطــر ناتــج 

عــن وجــود الكورتيكوســتيرويدات والمنشــطات غــر المــرح بهــا في المكمــات الغذائيــة غــر المتوافقــة.
ــة. توفــر طريقــة  ــة للمكمــات الغذائي ــة دوري ــة أكثــر صرامــة وفحوصــات تحليلي ــة تنظيمي تــرز هــذه الدراســة الحاجــة الملحــة إلى رقاب

ــا وقابــاً لإعــادة التكــرار للكشــف عــن هــذا النــوع مــن الغــش. HPLC الـمُتحـــقق منهــا نهجًــا موثوقً
الدوائــي،  الغــش  الغذائيــة،  المكمــات  بريدنيزولــون،   ،)HPLC( الأداء  عاليــة  الســائل  كروماتوغرافيــا  المفتاحيــة:  الكلــات 
ــل  ــل الكمــي، التحلي ــة، التحلي ــة التنظيمي ــر )LOQ(، الرقاب ــة، حــد الكشــف )LOD(، حــد التقدي ــة، التكراري الكورتيكوســتيرويدات، الدق

النوعــي، الصحــة العامــة.
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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) is 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-
H₂O). Standard solutions of prednis-
olone prepared at a concentration of 
1000 µg/ml. Details are provided in 
Table 1.

Table 1: Chemical Materials and Suppliers

Item Material Name Chemical For-
mula

Purity or 
concentration Supplier

1 Deionized Water DI-H2O - Sigma

2 Methanol CH3OH 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 × 4.6 mm, 5 µm). For ephedrine: 
Thermo Scientific C18 column (250 
mm × 4.6 mm, 5 µm).
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4- Samples
prednisolone was procured from 

certified sources with purity levels 

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.

ranging from 99% to 100%. These are 
summarized in Table 3.

Table 2: Instruments Used

Item Instrument Name Model and Origin

1 Electronic Balance Sartorius Entris 224i, Germany

2 Magnetic Stirrer IKA C-MAG HS 7, Germany

3 Drying Oven Memmert UN55, Germany

4 High-Performance Liquid Chromatograph Agilent 1260 Infinity II, USA

Table 3: Organic Materials for Determination

Item Material Name Chemical Formula Purity

1 Prednisolone C21H28O5 99.7%

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 µg/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 Country 
of Origin 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

I ISO + Whey + hydro 
Protein Fitness Authority (FA) Poland Plastic Container

J Whey Protein Fitness Authority (FA) Poland Plastic Container
K REDOCN1 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

O Weight gain supple-
ment  COLOMBIA COLOMBIA Iraq Capsules in Plastic 

Container

P Weight gain supple-
ment Filler Abu Zahraa Iraq Capsules in Plastic 

Container

R Weight gain supple-
ment  PUMA PUMA Iraq Capsules in Plastic 

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 condi-
tions(8–10)

For Prednisolone and Related Com-
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pounds:
    Column: Agilent SB-CN (250 mm 

× 4.6 mm, 5 µm)
    Mobile phase: Methanol: Water 

(1:1, v/v)
    Flow rate: 1.0 mL/min
    Injection volume: 24 µL
    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 (R²) values ob-
tained from the linear regression anal-
ysis of the calibration curves(11). The 
results, including the linear equations 
and R² values for each compound, are 
summarized in Table 5.

The high R² 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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Calibration results for prednisolone 
demonstrated excellent linearity over 
the tested range (R² = 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 µg/mL) was an-
alyzed using HPLC under the specified 
conditions.

The chromatogram is shown in Fig-
ure 2

Fig.1 Calibration Curves of Prednisolone

Table 5: Summary of Calibration Curve Parameters for Analyzed Compounds

Compound Linear Equation R² Value Slope Intercept Linearity 
range µg/mL

Prednisolone Y=12.9330x - 45.81 0.9995 12.9330 45.81 5-100
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Fig.2 HPLC chromatogram of standard prednisolone solution

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 µg/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

Compound Mean Measured concen-
tration (µg/mL)

Known concentration 
(µg/mL) RE% REC (%) RSD 

(%)
Predniso-

lone 4.84 5 -0.2 96.8 1.03
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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 = (3 × SD) / S
    LOQ = (10 × SD) / S

Table 7 Representative results for selected analytes

Compound Slope (S) SD LOD (µg/mL) LOQ (µg/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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The validated HPLC method was ap-
plied to seventeen dietary supplement 
samples. Prednisolone was detected in 
multiple samples with varying concen-
trations, as shown in Table 8.

Representative chromatograms of 
selected positive samples are present-
ed below to illustrate the presence of 
prednisolone at a retention time of ap-
proximately 5.10 minutes

Table 8: Calculated Prednisolone concentrations in Dietary Supplement Samples
Sample 
Code Sample Name Peak Area 

(mAs)
Calculated concentration 

(µg/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

O Weight gain supplement 
 COLOMBIA 4852.9 378.69437

P Weight gain supplement Filler 360.0 31.3932
R Weight gain supplement PUMA 406.2 34.96446

Fig.3 HPLC chromatogram of sample A
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Fig.4 HPLC chromatogram of sample C

Fig.5 HPLC chromatogram of sample F



458
Development and Validation of an HPLC Method for Determining Prednisolone 
in Dietary Supplements  ...............................  Thurayia Adnan Jihad   ,   Asst. Prof. Sarhan Ali Salman

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 (R²) 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 is 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 Liq-
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.
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