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A B S T R A C T

Recently the prenylated 5-deoxyflavonoid (-)-pseudosemiglabrin has demonstrated interesting biological 
activities. The compound presents in Tephrosia purpurea with a significant yield. In the current study, the 
amounts of (-)-pseudosemiglabrin were quantified by high-performance liquid chromatography (HPLC) method 
at different stages of plant growth. Also, various solvents and different extraction conditions were applied 
for optimizing the extraction process. The HPLC method was developed using Poroshell 120 EC-C18 (4.6 
mm x 150 mm, 4 µm) HPLC column (Agilent). The used mobile phase composition was water and methanol, 
both containing 0.05% formic acid in gradient mode. The flow rate was fixed at 1.0 mL/min, and a 256 nm 
wavelength was selected for detection. The method was validated for specificity, linearity, accuracy, precision, 
robustness, limit of detection (LOD) and limit of quantification (LOQ) in compliance with the ICH guidelines. 
The correlation coefficient was R2 = 0.9995 in the concentration range of 15.63-200 ppm. The analysis results 
indicated that the highest yield (186±5.7 mg/10 g) for (-)-pseudosemiglabrin was obtained from the plant 
extracted with 95% ethanol (ethanolic cold extract- ECE) in the flowering stage (FLS) (1.86%) relative to dry 
plant weight. The chloroform extract obtained by maceration at room temperature was not efficient in the 
complete extraction of (-)-pseudosemiglabrin. However, it was the most selective method as the yield was 
16.5% relative to the dry extract weight and selectivity index (SI) 0.165. The study results indicate that the 
developed HPLC method is ideal for the determination and quantification of (-)-pseudosemiglabrin in different 
plant extracts or pharmaceutical products. 
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1. Introduction

Tephrosia  is a genus of about 400 species belonging to the 
family Fabaceae [1,2]. About 11 Tephrosia species were reported in the 
flora of Saudi Arabia [3-5]. The plants of Tephrosia purpurea are annual 
or perennial shrub can reach 40-80 cm [6]. The plants are more woody 
and closer to the ground with stiff coarse reddish hairs covering the 
trichomes [3-5].

T. purpurea used to treat many conditions in Unani medicine, 
Ayurveda and many pharmacological activities were reported for the 
plant, as summarized in Table 1 [7-11].

Phytochemically, this genus is characterized by the presence of the 
rare prenylated 5-deoxy flavonoids that can represent a biochemical 
marker [9]. The prenylated 5-deoxyflavonoids (-)-pseudosemiglabrin 
was the main component of T. apollinea and was reported to have in 
vitro and in vivo anti-inflammatory effects [12]. (-)-Pseudosemiglabrin 
exhibited significant dose-dependent antiproliferative effect against 
leukemia, prostate, and breast cancer cell lines without displaying any 

toxicity against normal human fibroblasts [13]. Recently we reported 
on the bronchodilation activity of T. purpurea total extract, fractions, 
and pure isolates. Our phytochemical investigation revealed that 
(-)-pseudosemiglabrin is the major active component in the plant. The 
physicochemical features of (-)-pseudosemiglabrin have been presented 
in Table 2 and Figure 1, as already described elsewhere [14]. The total 
extract and (-)-pseudosemiglabrin showed significant protective action 
in alleviating ischemia-reperfusion (IR)-induced damage in both the 
respiratory system and the pancreas. The mechanism of protection 
involves reducing the cytokine response, suppressing oxidative stress, 
modulating the HMGB1 and IL-22 pathway [15].

It is well known that β2-adrenergic receptor stimulants should 
be used with caution for the treatment of pulmonary and obstetrical 
disorders in epileptic patients receiving antiepileptic medications [16]. 
The connection between the use of selective β2-adrenergic receptors 
stimulant and the development of seizures is controversial [17]. 
Our previous study revealed that (-)-pseudosemiglabrin expressed 
a comparable anti-epileptic efficacy to diazepam without sedation 
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metabolites in plant extracts, such as phenolic compounds, steroids, 
flavonoids, and alkaloids [20-23].

Although other flavonoids have been identified using HPLC and 
liquid chromatography-tandem mass spectrometry (LC-MS/MS), no one 
has quantified and validated (-)-pseudosemiglabrin. It is well known that 
the percentage of secondary metabolites varies based on environmental 
conditions and stages of plant growth [24]. Several studies were 
conducted to investigate the effect of the plant’s stages of growth on the 
secondary metabolites quantitatively and qualitatively [25,26]. From 
the early history of medicinal plants, the alkaloid morphine is one of 
the clearest examples of such variation [27]. The extracts components 
will be greatly affected by the polarity of the solvents used. Hence, in 
the present study, and due to the promising activities, we developed 
an HPLC method for the quantitative analysis of (-)-pseudosemiglabrin 
in T. purpurea extracts collected from Gizan, southern of Saudi Arabia. 
Moreover, we applied different methods of extraction using various 
solvents to optimize the extraction process of (-)-pseudosemiglabrin. 
Plants were collected in different stages of development to identify the 
stage with maximum contents of (-)-pseudosemiglabrin.

2. Materials and Methods

2.1. Standards and chemicals

(-)-Pseudosemiglabrin obtained from T. purpurea plant [14] and 
purity of ≥99.5%. All solvents used in the study were of HPLC grades 
for the analysis and of analytical grade for the extraction process and 
were purchased from Sigma-Aldrich, St. Louis, MO, USA (Now Merck).

2.2. Plant material

The plants of T. purpurea (voucher specimen #MSA 10521) were 
described earlier [14]. For this study, plants were collected at different 
growth stages during a 6-month period in 2023 from Gizan, Saudi 
Arabia (Figure 2).

2.3. Plant material extraction

Plant samples were collected at the pre-flowering stage (PFS), 
during the FLS, fruiting stage (FRS), and from perennial herbs 
during the flowering stage (PHF). Then, 10 g of the dried powdered 
plants were extracted by maceration at room temperature with 95% 
ethanol (150 mL) (ethanolic cold extract-ECE), chloroform (150 mL) 
(chloroform cold extract-CCE), and acetone (150 mL) (acetone cold 
extract-ACE) for 24 h. Extractions with chloroform and acetone, 150 
mL each, were performed on a hotplate using Soxhlet apparatus for 6 h 

Table 1. The uses of T. purpurea in Unani medicine, Ayurveda and the reported 
pharmacological activity.

Organ system Unani medicine [7] Ayurveda [8,9] Pharmacological 
activity [10,11]

Respiratory 
System

Cough, Asthma, Bronchitis Bronchodilator

Digestive system Vomiting, Dyspepsia 
Hemorrhoids

Laxative, 
Abdominal 
swelling 
Hepatomegaly, 
Jaundice

Spasmolytic, 
Antiulcer, 
Hepatoprotective

Nervous system Pain Pain Analgesic, Anti-
epileptic, Anxiolytic, 
Membrane stabilizing

Urinary system Kidney illnesses Diuretic Nephroprotective

Skin Boils, Skin disorders, 
Wounds, Acne

Wounds Wound healing

Immune system Inflammation Inflammation, 
Splenomegaly

Antiallergic, Anti-
inflammatory, 
Immunomodulatory

Endocrine 
system

Antihyperglycemic

Reproductive 
system

Impotency Estrogenic

Antimicrobial 
effect

Gonorrhea, 
Syphilis

Antimicrobial, 
Antiviral

Antiparasitic 
effect

Elephantiasis, 
Scabies, 
Vermifuge

Antiprotozoal

Others Rodent bite 
poisoning, Snake 
bite

Antitumor, 
Antioxidant, Anti-lipid 
peroxidative,

Table 2. The physicochemical properties of (-) Pseudosemiglabrin.

Property Value

Name [(12S,15S,16R)-14,14-dimethyl-6-oxo-4-phenyl-
3,11,13-trioxatetracyclo[8.6.0.02,7.012,16]hexadeca-
1(10),2(7),4,8-tetraen-15-yl] acetate

Formula C23H20O6 

Structure

 

Molecular weight 392.4 g/mol

Melting point 176.5 0C

Description and solubility Colorless crystals isolated from (-)-Pseudosemiglabrin 
has been reported in T. purpurea and T. apollinea and 
freely soluble in methanol

induction indicating that it can be a safer and creditable drug for the 
control of epilepsy besides its bronchodilator effect [18].

High-performance liquid chromatography (HPLC) is a versatile 
technique that detects compounds of various polarities and molecular 
masses. This technique is becoming increasingly popular as the main 
choice for fingerprinting and quality control studies [19]. As a result, 
HPLC has been described for quantifying and characterizing secondary 

 

 

Fig.1. UV spectrum of (-) Pseudosemiglabrin. 
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Fig. 2 Diagrams of T. purpurea plant at different stages: pre-flowering stage (PFS), flowering 
stage (FLS), fruiting stage (FRS), and perennial herbs during the flowering stage (PHF). 
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Figure 1. UV spectrum of (-) Pseudosemiglabrin.
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to obtain chloroform hot extract (CHE) and acetone hot extract (AHE), 
respectively. Samples from all stages were boiled with water for 15 
min to obtain water extracts (WE). All extractions were performed in 
triplicate, and the resulting extracts were dried under vacuum, and the 
yields were calculated.

2.4. HPLC chromatographic conditions

The HPLC analysis of the plant samples and (-)-pseudosemiglabrin 
quantification were carried out using a 1260 Infinity II HPLC system 
(Agilent Technologies, Palo Alto, CA, USA), comprising of a binary 
solvent gradient flexible pump (G7111A), autosampler (G7129A), and 
UV detector (G7114A). Agilent HPLC column Poroshell 120 EC-C18 
(4.6 mm x 150 mm, 4 µm) was used for chromatographic separation. 
All solvents were of HPLC grade. The mobile phase consisted of two 
solutions: A (water containing 0.05% formic acid) while B (methanol 
containing 0.05% formic acid). The gradient elution was set as follows: 
2 min, 5% B; 5 min, 5-90% B; 7 min, 90-95% B; 4 min, 95% B; 1 min 
95-5% B, 1 min 5% B, with a total run time of 20 min.

The flow rate was fixed at 1 mL/min, and the samples injection 
volume was10 µL. Prior to injection, all samples were prepared at a 
concentration of 1 mg/mL and, in some cases, further diluted and 
filtered. A purified standard of (-)-pseudosemiglabrin was used to 
identify and quantify the presence of this compound in all samples. 
The flavonoid was detected and quantified at a wavelength of 256 nm 
(Figure 1) (UV-Vis-NIR spectrophotometer, Agilent) and observed at a 
retention time of Rt = 11.7 min. (Figure 3). The quantification of the 
compound was processed using OpenLab CDS software and based on 
the integrations of the area of the corresponding UV absorption peaks.

2.5. Sample preparation

Samples of the organic solvent extracts were dissolved in HPLC-
grade methanol at a concentration of 1 mg/mL, sonicated for 3 
min to ensure complete dissolution, and filtered through 0.45 μm 
polytetrafluoroethylene (PTFE) filters prior to the HPLC analysis. 
Samples of the aqueous extract were prepared similarly but dissolved 
in 1:1 water: methanol. All standard solutions and samples were stored 
at 4°C till the analysis time.

2.6. Preparation of standard solutions

2.6.1. Preparation of (-)-pseudosemiglabrin standard stock solution

Standard solution was prepared using 5 mg of pure 
(-)-pseudosemiglabrin. It was accurately weighed and dissolved in 
HPLC-grade methanol. Then the solution was transferred into a 10 
mL volumetric flask in which the volume was completed to 10 mL to 
achieve stock solution of 500 ppm. From this working standard, serial 
dilutions were prepared.

2.6.2. Preparation of working standard solution for the calibration curve

To construct a calibration curve of (-)-pseudosemiglabrin different 
aliquots were withdrawn and the final volumes were adjusted to 
achieve calibration concentrations within range of 15.63-200 ppm.

3. Results and Discussion

Natural products are indispensable sources that contributed 
many drugs for diverse indications [28]. Considerable number 

 

 

Fig.1. UV spectrum of (-) Pseudosemiglabrin. 

 

 

 

PFS FLS FRS PHF 

    
 

Fig. 2 Diagrams of T. purpurea plant at different stages: pre-flowering stage (PFS), flowering 
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Figure 2. Diagrams of T. purpurea plant at different stages: pre-flowering stage (PFS), flowering stage (FLS), fruiting stage (FRS), and perennial herbs 
during the flowering stage (PHF).

Figure 3. Representative HPLC chromatograms of (a) (-)-pseudosemiglabrin, (b) Ethanol extract (ECE) and (c) Water extract (WE) for (-)-pseudosemiglabrin quantification showing 
the retention time of the compound at 11.67 min.
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of natural products are among the recently approved drugs [29]. 
(-)-Pseudosemiglabrin is emerging as an important secondary 
metabolite from Tephrosia species and may serve as a drug or lead 
compound for further development. One of the main problems in 
developing pharmaceutical products from natural compounds is the 
yield [30]. The main advantage of (-)-pseudosemiglabrin, besides its 
biological activity, is indeed tied to its abundance in certain species 
of Tephrosia plants, such as T. purpurea [14] and T. apollinea [12]. It is 
well known that the percentage of secondary metabolites varies based 
on environmental conditions and stages of plant growth [24]. In the 
current study, we developed and validated an HPLC method for the 
quantification of (-)-pseudosemiglabrin at the different stages of T. 
purpurea growth extracted with three different solvents by maceration 
and hot extraction using the Soxhlet apparatus.

Solvent selection based on their polarity and solubilization power. 
Ethanol is one of the most polar solvents and expected to extract all 
components in the plant. Ethanol extraction is expected to be efficient 
but not selective. Chloroform has strong solubilization power but less 
polar so extracts will be less contaminated with polar plant components 
such as sugars and salts. However, direct extraction of plant materials 
with chloroform will probably encounter tissue penetration problems. 
On the other hand, acetone is more polar than chloroform and its 
miscibility with water gives the advantage of better tissue penetration. 
However, the solubilization power of acetone is less than chloroform. 
Although it is not expected to get high yield from the WEs due to its 
high polarity, the extraction with water was conducted to mimic the 
common practice of using plants in traditional medicine. Extraction at 
room temperature is safer than hot extraction but takes longer time 
and more solvents. Soxhlet continuous hot extraction is very efficient, 
less time and solvents consuming but not suitable for volatile or 
thermolabile components [31]. The three solvents were used for cold 
and hot extractions aiming to optimize the extraction conditions for 
(-)-pseudosemiglabrin.

The mobile phase composition was optimized to obtain the best 
separation of (-)-pseudosemiglabrin from other plant matrix components 
in the shortest time. During the method development process, different 
mobile phases and compositions were tried to achieve optimum 
separation and water+0.05% formic acid and methanol+0.05% formic 
acid was chosen as the eluent in gradient mode. The UV spectrum of 
(-)-pseudosemiglabrin was checked and 256 nm maximum absorbance 
was selected for detection (Figure 1).

The designed HPLC method was developed and validated in terms of 
specificity, linearity, accuracy, precision, robustness, limit of detection 
(LOD), and limit of quantification (LOQ) complying with the guidelines 
of the International Conference on Harmonization (ICH) [32].

The established method selectivity was confirmed as there was 
no interference from the other components of the T. purpurea plant 
matrix at the analyte retention time. The chromatograms of standard 
(-)-pseudosemiglabrin and (-)-pseudosemiglabrin present in T. purpurea 
ECE, and T. purpurea WE have been depicted in Figures 3(a-c). The 
retention time of standard (-)-pseudosemiglabrin was found to be 11.65 
min and the (-)-pseudosemiglabrin present in T. purpurea ECE, and T. 
purpurea WE were found to be 11.68 min. This showed that the method 
was specific in identifying the peak of (-)-pseudosemiglabrin with no 
interference. Moreover, solvent blanks contained no peaks of the target 
analytes indicating that no carry-over effect was detected.

Results of (-)-pseudosemiglabrin HPLC analysis showed a linear 
correlation between peak area and concentration with a good correlation 
coefficient (R2 = 0.9995) in the range of 15.63 to 200 ppm, which was 
determined by constructing a calibration curve at seven concentrations 
levels (31.25 50 62.60, 100, 125, 150, and 200 ppm) (Figure 4). Table 
3 summarizes the regression data of the proposed HPLC method.

LOD and LOQ were determined as 9.32 ppm and 28.24 ppm, 
respectively. These values were calculated using the slope of the 
calibration (S) curve, SD of the blank sample, and applying the 
following formulae

LOD = 3.3 × (SD/S)
LOQ = 10 × (SD/S)

Figure 4. Calibration curve of (-)-Pseudosemiglabrin.

Table 3. Linear regression data for the calibration curve of (-)-Pseudosemiglabrin 
(n = 8).

Parameters Values

Linearity range (ppm) 15.63-200

Regression equation Y = 100.12x + 688.55

Correlation coefficient 0.9995

Slope ± SD 100.12 ± 01

Intercept ± SD 688,55 ± 28.16

Standard error of slope 0.9136

Standard error of Y-intercept 99.96

95% confidence interval of slope 98–102

95% confidence interval of intercept 444–933

p-value <0.0001

LOD (ppm) 9.32

LOQ (ppm) 28.24 
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The standard deviation of the response was determined using the 
y-intercepts of the regression lines’ standard deviation.

Accuracy was determined concerning the % recovery by the assay of 
the known added amounts of (-)-pseudosemiglabrin reference standard. 
Samples of (-)-pseudosemiglabrin (100 ppm) previously analyzed were 
spiked with additional amounts of the analytes at 0, 50, 100, and 150% 
of the target concentration and five replicates of each concentration. 
Consequently, the mixtures were resubmitted for analysis. Indication 
for accuracy was deduced from the percentage of recovery and relative 
standard deviation (RSD, %) for each concentration level (Table 4).

Precision was determined as repeatability and intermediate 
precision, which measure intraday and interday variation, respectively. 
For this validation, three different quality control levels (50, 100, and 
150 ppm) covering the specified range were analyzed (n=5). The results 
of the precision evaluation have been summarized in Table 5.

Robustness was assessed to determine how small and intentional 
modifications in the analytic conditions affected the newly designed 
method. Minor changes to method parameters such as the duration of 
mobile-phase saturation, mobile-phase composition, and the mobile-
phase volume during the analysis of (-)-pseudosemiglabrin were 
implemented. Moreover, the compound was quantified at 256 nm, 
whereas no effect was observed for the quantification at 260 nm. The 
method performance remained unaffected by these changes, which is 
an indication of the method's suitability and reliability during normal 
use. Other parameters have been summarized in Table 6.

The developed method was applied to quantify the amounts of 
(-)-pseudosemiglabrin in the different extracts at the four growth 
stages (Tables 7, 8). Both efficiency of the three selected solvents in the 
extraction process presented by the yield of the obtained extracts as well 
as the selectivity indicated by the percentage of (-)-pseudosemiglabrin 
in the extracts were compared among the different growth stages, used 
solvents and method of extraction. Selectivity index (SI) (Table 9) was 
calculated for each extract using the following formula:

SI= Weight of (-)-pseudosemiglabrin/Weight of the extract

The results of (-)-pseudosemiglabrin quantification have been 
presented in Table 7 as milligram of the obtained extracts/mg of 
(-)-pseudosemiglabrin, while Table 8 represents the percentages of 
(-)-pseudosemiglabrin relative to the dry plant materials used as well 

as relative to the weight of the obtained extracts. The obtained results 
indicated that the FLS gives the best extractive values with all solvents 
used. Plants in the PFS come in second place while values obtained 
from FRS and PHF were close. These values can be explained as the 
plant activity reaches the peak during the FLS to ensure the production 
of fruits and seeds necessary for reproduction and propagation of the 
species. Flavonoid biosynthesis was found to involve structural genes 
when expressed they promote flavonoids accumulation. Flavonoids 
in turn are crucial for the successful flower development [33,34]. 
Flavonoids also act as sunscreen for the vegetative tissue from UV 
radiation, signaling molecules for the nitrogen-fixing rhizobia as well 
as providing visual attractions to pollinators and seed distributors 
[33]. Flavonoids in flowers produce UV-absorbing patterns visible and 
attractive to insect pollinators [35].

After this stage, the plant's activity decreased gradually. Another 
factor is the high amount of fibrous tissues, fixed oils, and fats 
produced with the fruits that are considerably larger than the delicate 
flowers tissue. PHF similarly accumulated more fibrous tissue than the 
plants grow for the first season. The quantification results indicated 
that (-)-pseudosemiglabrin maximum concentration was detected 
in the ECE of the FLS with 186±5.7 mg/10 g dried plants (1.86%). 
Correlating the yield of (-)-pseudosemiglabrin to the dry extract 
weight, the ECE extract contained 10.5% (-)-pseudosemiglabrin. 
Almost the same pattern was observed with other solvents (Table 8). 
Apparently, extraction with CHE and AHE gave better yield than the 
CCE and ACE, respectively. Also, chloroform was more effective in 
extraction than acetone both at room temperature and hot extraction. 
Another important point is the % of (-)-pseudosemiglabrin in the 
obtained extracts that reflects the selectivity (Table 9). Extraction with 

Table 4. Accuracy of the proposed method of (-)-Pseudosemiglabrin (n = 5).

Excess analyte 
(%)

Theoretical 
content (ppm)

Conc. Found 
(ng) ± SD

% Recovery % RSD

0 50 49.94 ± 0.02 99.88 0.04

50 75 74.74 ± 0.05 99.65 0.08

100 100 99.82 ± 0.04 99.82 0.04

150 125 124.49 ± 0.07 99.59 0.06

Table 5. Precision of the proposed method of (-)-Pseudosemiglabrin (n=5).

Conc. 
(ppm)

Repeatability (Intraday precision) Intermediate precision (Interday)

Avg Conc. ± 
SD (n = 6)

Standard 
Error

% 
RSD

Avg Conc. ± 
SD(n = 6)

Standard 
Error

% 
RSD

50 49.95 ± 0.02 2.50 0.02 49.83 ± 0.03 5.67 0.06

100 99.93 ± 0.03 2.33 0.03 99.81 ± 0.03 6.33 0.03

150 149.90 ± 0.02 5.00 0.01 149.75 ± 0.04 6.25 0.03

Table 6. Robustness of the proposed HPLC method of (-)-Pseudosemiglabrin.

Conc. 
(ppm)

Mobile-Phase Composition (Methanol: Water)

Original 
gradient

Time 
(min)

Rt (min) Area ± SD (n = 3) % RSD

4 11.31 10866 ± 17.33 0.16

100 5-90% 5 11.67 10864 ±11.1 0.10

6 12.10 10867 ± 12.33 0.11

Table 7. Weights of extracts in mg/weight of (-)-Pseudosemiglabrin in mg 
obtained from 10 g at different growth stages of T. purpurea extracted with 
different solvents by maceration and continuous extraction.

Extract Stage

PFS FLS FRS PHF

ECE 1470±15/143±4.2 1770±16/186±5.7 1220±14/97±2.4 1140±14/111±2.3

CCE 499±3/77±2.2 581±5/96±2.1 310±2/32±0.3 375±2/34±0.21

CHE 619±7/110±3.4 786±8/128±3.3 726±4/85±1.1 665±4.5/92±1.7

ACE 377±4/46±0.9 318±5/46±0.7 384±1.5/41±0.4 399±3.3/48±0.3

AHE 682±6/85± 1.2 692±9/106±3.6 675±4/71±1.1 699±5/78±0.9

Table 8. Percent w/w in mg of (-)-Pseudosemiglabrin relative to the dry 
plant weight/relative to the extract weight from different growth stages of 
T. purpurea extracted with different solvents by maceration and continuous 
extraction.

Extract Stage

PFS FLS FRS PHF

ECE 1.43/9.7 1.86/10.5 0.97/7.9 1.11/9.7

CCE 0.77/15.4 0.96/16.5 0.32/10.3 0.34/9.0

CHE 1.10/17.8 1.28/16.3 0.85/11.7 0.92/13.8

ACE 0.46/12.2 0.46/14.5 0.41/10.6 0.48/12.0

AHE 0.85/12.5 1.06/15.3 0.71/10.5 0.78/11.2

Table 9. Selectivity index (SI) for the extraction of (-)-Pseudosemiglabrin from 
different stages of T. purpurea extracted with different solvents by maceration 
and continuous extraction.

Extract Stage

PFS FLS FRS PHF

ECE 0.097 0.105 0.080 0.097

CCE 0.154 0.165 0.103 0.091

CHE 0.178 0.163 0.117 0.138

ACE 0.122 0.145 0.107 0.120

AHE 0.124 0.153 0.105 0.112
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95% ethanol gave a better yield but was less selective than chloroform 
and acetone as indicated by the lowest SI 0.080- 0.105 (Table 9) and 
% of (-)-pseudosemiglabrin (Tables 7 & 8). The obtained values put 
the chloroform in the first place in giving relatively pure extracts as 
indicated by the SI (Table 9). However, the use of chloroform either by 
maceration or continuous hot extraction was not as effective as ethanol 
in extracting (-)-pseudosemiglabrin.

4. Conclusions

In conclusion, an HPLC method was developed successfully and 
validated according to the ICH guidelines for the quantification of 
(-)-pseudosemiglabrin in T. purpurea. The method was applied to 
quantify (-)-pseudosemiglabrin at different stages of plant growth. Also, 
the application of three solvents; ethanol, chloroform, and acetone for 
the extraction of the plant materials was conducted. Extraction was 
done at room temperature for 24 h and for chloroform and acetone 
by hot extraction using Soxhlet. Ethanol 95% was the most effective 
solvent in the extraction of (-)-pseudosemiglabrin. Chloroform was 
more effective than acetone and gave more pure extracts than 95% 
ethanol. The data indicated that the FLS produces the highest yield of 
(-)-pseudosemiglabrin. The proposed HPLC method provides a valuable 
tool for future studies and contributes to the understanding of the 
therapeutic potential of T. purpurea as a source of (-)-pseudosemiglabrin. 
The method can serve as a tool for the quality control and standardization 
of herbal products containing T. purpurea. Future breeding studies for 
obtaining high yield of (-)-pseudosemiglabrin can rely on the developed 
method. It can also be applied for pharmacokinetic studies of this 
promising molecule.
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