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Abstract: (1) Background: The present investigation studies the optimization of extraction,
quantification, and cytokine inhibitory effects bakuchiol (BKL) in Psoralea coryfolia Linn. (2) Methods:
The seeds of Psoralea coryfolia cleaned, dried, and powdered. Different separation methods maceration,
reflux, Soxhlet, and ultrasonic assisted extraction (UAE) were employed for the isolation of BKL by
five pure solvents. The quantity of BKL was measured by high-performance liquid chromatography
(HPLC) method to determine the highest yield percentage. The effect of optimized BKL was then
tested in an animal model of sepsis induced by lipopolysaccharides (LPS). (3) Results: The UAE
method was found to be the best among tested separation methods and yielded highest percentage of
BKL in petroleum ether extract. Septic rats showed a significant elevation in levels of biochemical
markers like AST, ALT, ALP, BIL, SCr, and BUN in plasma. Proinflammatory cytokines (TNF-α and
IL-1) levels were also increased in LPS-induced animals. BKL has been found to significantly reverse
these elevated levels as compared to the LPS-induced animals. (4) Conclusion: The present results
suggest that BKL has positive effects when administered in animals with pathogenic shock by
decreasing the circulating levels of biomarkers. Further studies are necessary to explore the clinical
implications of such findings.
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1. Introduction

The fabaceae plant, Psoralea corylifolia L., is a medicinal plant widely distributed in India, China,
and Southeastern Asian countries [1,2]. Dried seeds of P. corylifolia L. are a rich source of flavonoids
and meroterpenes such as bakuchiol, psoralen, etc., possessing a wide range of pharmacological
activities (antimicrobial, antibacterial, anti-inflammatory, cytotoxic, and inhibiting nitric oxide (NO)
production) [3,4]. It grows throughout the plains of India, especially in the semiarid regions of Rajasthan
and eastern districts of Punjab, adjoining Uttar Pradesh. It is also found throughout India in Himalayas,
Dehradun, and Karnataka [1,5]. This plant is also widely distributed in the tropical and subtropical
regions of the world, especially China and southern Africa [2]. The active fraction isolated from
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fruits, seeds, and roots possesses antibacterial, anti-oxidative, and immunomodulatory properties [6].
Major chemical constituents are psoralen, bakuchiol, bakuchicin, and minor phytoconstituents angelicin,
psoralidin, bavachromanol, 7-O-methylbavachin, psoralidin oxide [2]. Seed oil contains glycerides of
oleic acid, steric acid, palmitic acid, myristic acid, myristoleic acid, lenoleic acid, along with stigmasterol
and b-sitosterol [7].

Lipopolysaccharide (LPS) is the principal constituent of cell walls of Gram-negative bacteria and
can induce acute inflammatory response by triggering the release of a large number of inflammatory
cytokines in different types of cells [8]. LPS is commonly recognized as being potent macrophage
and monocyte activator [9]. LPS has been widely used to study inflammation because of the
abundance of inflammatory effects it provides by various signaling pathways [10]. LPS is known
to induce the production of cytokines such as tumor necrosis factor alpha (TNF-α) and interleukins.
The cytokines are the primary response against pathogen [11]. Bakuchiol (BKL) (Figure 1), one of
the major constituent of P. corylifolia, has been shown to possess a prominent cytotoxic effect. BKL,
a monoterpene prevented mitochondrial lipid peroxidation. BKL has been known for a long time and
is widely used in cosmetics [12]. The water-soluble extract containing BKL has been found to possess
hepatoprotective activity [13,14]. BKL has been reported in preventing or treating a woman suffering
osteoporosis [15]. BKL has been shown to possess anti-inflammatory activities [16]. BKL showed
broad antioxidant activities in rat liver microsomes and mitochondria. BKL prevented mitochondrial
lipid peroxidation and also possesses DNA polymerase inhibitory activity [17]. Due to its potent
antioxidant and anti-inflammatory potential, the current study aimed to investigate the effect of
extraction, quantification, and cytokine (TNF-α and IL-1) inhibitory response of BKL in Psoralea
coryfolia Linn.
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Figure 1. Chemical structure of bakuchiol.

2. Materials and Methods

2.1. Plant Collection

The P. corylifolia seeds were purchased from the local market in New Delhi and were authenticated
by a taxonomist at Jamia Hamdard. The powdered seeds of P. corylifolia L. were subjected to various
methods of extraction. Extraction and comparison of extractive methods were performed with respect
to BKL content.

2.2. Extraction of Bakuchiol

2.2.1. Maceration Extraction

About 10 g of powdered seeds were extracted using different solvents (ethanol, methanol, acetone,
petroleum ether, and dichloromethane), (70 mL; Drug: Solvent ratio—1:7 × 2 times) by maceration for
7 d each and the process was repeated for another 7 d, filtrates were combined and then extracts were
evaporated to dryness using rotary vacuum evaporator (Rotary evaporator HS-2005V) at 40 ◦C under
inert atmosphere to obtain brown-colored sticky mass. The extract was weighed and was subjected to
further quantification.
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2.2.2. Reflux Extraction

The solvent (50 mL) and P. corylifolia L. seed powder (10 g) were added to the flask (250 mL),
and the mixture was refluxed for 40 min using different solvents (ethanol, methanol, acetone, petroleum
ether, and dichloromethane) in drug: solvent ratio (1:7). The solution was filtered and the extraction
process was repeated two more times with fresh solvents. The filtrates were combined, and the solvent
was evaporated using rotary vacuum evaporator (Rotary evaporator HS-2005V) to obtain a dried
brownish sticky extract. The extract was weighed and subjected to further quantification.

2.2.3. Soxhlet Extraction

The coarse powder (10/44 mesh size) of dried seeds of P. corylifolia L. (10 g) was extracted with
different solvents (ethanol, methanol, acetone, petroleum ether, and dichloromethane) in drug: solvent
ratio of 1:12 by hot solvent extraction for 6 h each using Soxhlet apparatus. The different extracts were
concentrated under reduced pressure in a rotary vacuum evaporator (Rotary evaporator HS-2005V) at
40 ◦C to obtain brownish colored sticky mass. The extract was evaporated to dryness to get brownish
extract, which was weighed and subjected to further quantification.

2.2.4. Ultrasonic Assisted Extraction

The coarse powder of P. corylifolia L. (10 g) was extracted with different solvents (ethanol, methanol,
acetone, petroleum ether, and dichloromethane) in drug: solvent ratio of 1:14 by ultra-sonication
method for 45 min with input power of 220 V and heating power of 550 W, equipped with time
and temperature controller. The extracts obtained were concentrated under reduced pressure to
obtain brownish colored sticky mass. The extract was evaporated to dryness to get brownish extract,
which was weighed and subjected to further quantification.

2.3. Quantitative Analysis of Bakuchiol by High-Performance Liquid Chromatography (HPLC)

BKL content in different extraction methods was determined through high-performance liquid
chromatography (HPLC), the details of which are given below.

2.3.1. Instrument Specification

HPLC Binary System (SHIMADZU, Koyoto, Japan) comprising LC-10AT VP pumps, a single wave
length programmable UV-visible detector, and a system controller. Samples were injected by using a
rheodyne injector fitted with a 20-µL fixed loop. Standard and sample solutions were filtered through
0.2-µm syringe filter before injection. The separation was achieved by using column with 250 × 4.6 mm,
particle size 5 µm, Lichrospher C18 reverse phase column (Merck, Darmstadt, Germany). The targeted
compounds were eluted using mobile phase as acetonitrile (ACN) or methanol and water gradient
from 36–100% ACN over a period of 20 min, followed by 100% ACN for three minutes. The detection
was done at 262 nm. The detailed HPLC conditions used are set forth in the table mentioned below.

2.3.2. HPLC Conditions for Quantification of Bakuchiol

Column Merck C18 RP (4.6 mm × 250 mm, 5 µm)

Gradient

0–8 min 36% ACN/Water
8–20 min 36% ACN/Water to 100% ACN
20–23 min 100% ACN
23–28 min 36% ACN/Water

Flow rate 1 mL/min
Detection 262 nm
Temperature 35 ◦C
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2.3.3. Preparation of Calibration Curve and Quantification of Bakuchiol

Stock solution of BKL (INDOFINE, Hillsborough, NJ, USA) was prepared in methanol from
the standard substance: concentration 1 mg/mL. Then working solutions of 9.375, 18.75, 37.5, 75,
and 150µg/mL were prepared in HPLC grade methanol and further diluted to get required concentration,
stored at −20 ◦C and brought to room temperature before use. Each standard solution was filtered
through 0.2 µm-membrane filter and then subjected to HPLC analysis to obtain a peak height at a static
retention time for each standard solution. Calibration plot was then made for concentration (µg mL−1)
versus peak area. The plot was further used to determine concentration of BKL in test samples. 10 mg
of the different extract of seeds of P. corylifolia L. was weighed and dissolved in HPLC grade methanol
to make final concentration of 200 µg mL−1. The solution was then filtered through 0.2-µm membrane
filter and 20 µL of the resulting solution was subjected for HPLC analysis and the concentration of
BKL in the extracts was then calculated based on the equations for the calibration curves.

2.4. Cytokine Inhibitory Effects

Animal Model of Inflammation and Treatment

Wistar rats were obtained from the animal care facility of Jamia Hamdard, New Delhi, India
(IAEC No: Project: 903). The animals were kept under optimal environmental conditions (25 ± 2 ◦C,
and 12 h light/dark cycle) and were given free access to standard rat pellet food and water. The animal
care guidelines for the care and use of laboratory animals were used to handle the animals. The animals
were divided into five groups and 6 rats were allotted to each group (n = 6). Animals in Group I
served as control. Animals in Group II served as disease control and were given LPS (10 mg/kg, i.p.).
Group III and IV received BCL at 30 and 60 mg/kg, p.o., respectively, for 7 d prior to the systemic
inflammation induced by LPS (10 mg/kg, i.p.). The animals were anesthetized under isoflurane
6 h after LPS challenge. The blood samples were collected in heparinized tubes and plasma was
separated and stored at −80 ◦C for further analysis. The relevant biochemical estimation like aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), bilirubin (BIL),
serum creatinine (Scr), blood urea nitrogen (BUN), nitric oxide (NO) and cytokine levels (TNF-α and
IL-1) were determined using ELISA according to manufacturer details (BioVision, Milpitas, CA, USA).

2.5. Statistical Analysis

The one-way ANOVA followed by Dunnett’s post hoc testing was used to estimate the difference
in biochemical parameters and cytokine levels among the groups.

3. Results and Discussion

Bakuchiol was extracted using different techniques like (a) maceration, (b) reflux extraction,
(c) Soxhlet extraction, (d) ultrasonic assisted extraction, with different solvents to select the best method
with highest extraction of BKL and the best solvent in which higher yield of BKL is present. The extracts
obtained were weighed and were subjected to quantification using HPLC methods. Extraction of BKL
from P. corylifolia L. dried seeds was carried out using five different techniques and with different
solvents (with different polarities) to select the best technique and best solvent for highest yield of
BKL from P. corylifolia L (Table 1). Ultrasonication assisted extraction (UAE) technique was found
out to be the best method for highest extraction of BKL (6.98%, w/w) with petroleum ether being the
best solvent for its extraction. Whereas BKL content using maceration, reflux, and soxhlet apparatus,
were found to be 5.32% (w/w); 6.01%, and 6.68% (w/w), respectively, with petroleum ether as the
solvent. Clearly, BKL content obtained using ultrasonication assisted extraction was the highest as
quantified using HPLC and the time taken with this technique was the lowest, compared to soxhlet
apparatus, maceration and Reflux method. This is due to its low temperatures, which decreases the
heat loss caused by high temperatures; also prevents vaporization during boiling, and also prevents
the preservation of biologically active substances [18,19]. Therefore, ultrasonication assisted extraction
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(UAE) was selected further for BKL extraction as it gives the highest yield of BKL and it requires less
time being highly efficient as compared to the other extraction methods (RT 24.5 min). Petroleum ether
was selected as the best solvent for BKL extraction on the basis of a comparative study with other
solvents (such as methanol, acetone, dichloromethane, and ethanol). In the present study, the extraction
equipment, extraction time, and drug solvent ratio was kept as constant for all the solvents. It was
found that BKL content was found to be the highest in petroleum ether extracts, which makes it a
favorable choice of solvent for extraction of BKL (Figure 2).

In septic rats, lethargy, bending gait, and piloerection were observed soon after LPS administration,
but animals treated BKL showed either insignificant or none of the above symptoms. The intraperitoneal
administration of LPS in rats shows tissue damage confirmed by a significant increase in AST
(654.29 ± 25.78), ALT (745.21 ± 34.87), ALP (234.54 ± 11.34), and BIL (2.65 ± 0.45) levels as compared to
normal rats (Table 2). The pretreatment of BKL prevented the tissue damage as evident by as a significant
(p < 0.5) decrease in AST (403.45 ± 21.77), ALT (503.65 ± 31.99), ALP (163.66 ± 6.77), and BIL (1.96 ±
0.23) levels with (30 mg/kg dose); and AST (246.87 ± 19.98), ALT (223.55 ± 18.94), ALP (109.34 ± 4.87),
and BIL (1.12 ± 0.18) levels with (60 mg/kg dose) respectively, in a dose-dependent manner as compared
to the animals received LPS only (Table 2). Also, a decrease in SCr at 30 mg/kg (0.48 ± 0.07 mg/dL
p < 0.05) and (0.43 ± 0.03 mg/dL p < 0.05) at 60 mg/kg, and BUN (109.77 ± 5.76 mg/dL p < 0.05) at
30 mg/kg and (74.59 ± 4.98 mg/dL p < 0.05) at a dose of 60 mg/kg were observed in BKL treated groups
as compared to the animals in LPS group SCr (0.65 ± 0.08 mg/dL) and BUN (165.66 ± 8.83 mg/dL),
respectively. The LPS administration caused increased levels of NO (107.33 ± 3.87 µM), which was
significantly reversed in BKL treated animals at a dose-dependent manner (81.89 ± 3.18 and 51.25 ±
2.62 µM p < 0.05) at a dose of 30 and 60 mg/kg, respectively.

In the present research, LPS caused dysregulation of kidney and liver function of biochemical
markers used for the determination of particular organ damage. LPS caused increase in organ function
biochemical markers of, AST, ALT, ALP, BIL, SCr, and BUN in plasma of animals. This increase in
biochemical indices by LPS has been previously reported [20]. LPS has been proposed to produce
NO and other reactive oxygen species (ROS), which causes peroxidation and cell modifications that
further leads to the cell membrane disruption and following release of cell contents [21]. BKL treatment
markedly reversed the alterations induced by LPS by ameliorating the levels of AST, ALT, ALP,
BIL, SCr, and BUN. LPS causes elevated nitrite levels in LPS administered animals as compared
to normal control animals. It is well known that LPS causes a significant increase in the nitrite
levels because of over expression of inducible nitric oxide (iNOS) [22,23]. NO produces a potent
oxidant peroxynitrite (ONOO−) by reacting with superoxide anion (O2−), which increases the lipid
peroxidation and causes oxidative damages in different tissues [24]. The BKL treatment was found
to have protective effect against LPS-induced damage as apparent by the significant decrease in
circulating NO levels. These results were in agreement with the results of Alkharfy and colleagues
in 2015, who reported that thymoquinone significantly decreases the plasma levels of nitric oxide
and the survival in animal model of sepsis [25]. Administration of LPS to animals produced an acute
systemic inflammation established by a significant increase proinflammatory cytokines TNF-α and
IL-1 levels as compared to normal control animals. The BKL at 30 and 60 mg/kg diminishes the plasma
TNF-α and IL-1 levels in a dose-dependent manner significantly (Figure 3). Sepsis is distinguished
by a proinflammatory systemic reaction that may contribute to extreme sepsis or septic shock [26].
Septic infection is a significant health care concern around the globe, impacting millions of people per
year and growing their occurrence annually [27]. Although major improvements over the years in
intensive care management, septic shock is often correlated with high mortality rates [28]. Sepsis has
been found to evolve when the original, appropriate host reaction to an infection is exacerbated and
eventually dysregulated, resulting in difference between pro- and anti-inflammatory responses [29].
Cytokines control a number of inflammatory responses, including the movement of immune cells
to the infection site, which is a key step in controlling and avoiding a localized infection from being
widespread. Nonetheless, a dysregulated release of cytokines may result in organ dysfunctions [30,31].
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Table 1. Bakuchiol content in different extracts using different extraction techniques.

Maceration Reflux Soxhlet UAE

Solvents % Yield of
Crude Extract

% Bakuchiol
(w/w)

% Yield of
Crude Extract

% Bakuchiol
(w/w)

% Yield
Crude Extract

% Bakuchiol
Content (w/w)

% Yield
Crude Extract

% Bakuchiol
(w/w)

MeOH 13.71 5.21 16.81 5.72 19.21 6.25 15.81 5.79
EtOH 14.20 4.84 17.09 5.79 12.40 4.10 18.60 5.79

Pet Ether 11.22 5.32 12.43 6.01 12.92 6.68 11.51 6.98
Acetone 12.71 1.51 14.69 4.40 13.01 4.34 13.67 4.48

DCM 12.90 2.31 13.42 2.20 13.19 3.32 12.42 2.29

(w/w: Weight of crude extract/weight of the final concentration).

Table 2. Effect of bakuchiol pretreatment on plasma markers in lipopolysaccharides (LPS)-induced inflammation.

Plasma Control LPS (10 mg/kg) BKL 30 mg/kg + LPS BKL 60 mg/kg + LPS

AST (U/L) 78.24 ± 4.21 654.29 ± 25.78 403.45 ± 21.77 *# 246.87 ± 19.98 *#

ALT (U/L) 54.55 ± 3.91 745.21 ± 34.87 503.65 ± 31.99 *# 223.55 ± 18.94 *#

ALP (U/L) 59.11 ± 3.34 234.54 ± 11.34 * 163.66 ± 6.77 *# 109.34 ± 4.87 *#

Bilirubin (mg/dL) 0.32 ± 0.01 2.65 ± 0.45 * 1.96 ± 0.23 *# 1.12 ± 0.18 *#

Serum Creatinine (mg/dL) 0.33 ± 0.05 0.65 ± 0.08 * 0.48 ± 0.07 *# 0.43 ± 0.03 *#

BUN (mg/dL) 45.34 ± 2.06 165.66 ± 8.83 * 109.77 ± 5.76 *# 74.59 ± 4.98 *#

NO (µM) 33.21 ± 1.28 107.33 ± 3.87 * 81.89 ± 3.18 *# 51.25 ± 2.62 *#

Results are represented as mean ± SEM of six rats/group. * p < 0.05 vs. control; # p < 0.05 vs. LPS group.
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LPS group.

TNF-α and IL-1 in sepsis pathophysiology are perhaps the most widely researched cytokines.
They are strong proinflammatory cytokines implicated in a wide variety of inflammatory infectious and
non-infectious diseases [32,33]. TNF-α is called a chief regulator for the development of inflammatory
cytokine, although the essential function of IL-1 in inflammation is well recognized [34,35]. TNF-α and
IL-1 act synergistically to induce vascular and pulmonary dysfunctions in a shock-like state [36].
Moreover, TNF-α and IL-1 have also been established as key mediators to a family of pyrogenic
cytokines [32,37]. Numerous findings have shown a role for TNF-α and IL-1in sepsis, for both
laboratory animal models of septic shock and clinical trials of sepsis [38,39]. Bacterial endotoxin
administration results in the production and release of TNF-α and IL-1 into the systemic circulation,
where peak concentrations are detected from the first 1 to 2 h of LPS administration [20,40]. BKL is a
known antioxidant and in the current study it has been shown that BKL significantly downregulates the
inflammatory cytokines, which is in agreement with the previous results of Zhang and co-workers [41].
The results of the current study provide strong evidence that BKL can be recognized as an alternative
treatment of pathogen-induced systemic inflammation.

4. Conclusions

The percentage yield varied with the solvents and methods of extraction, with the UAE process
achieving the highest BKL yield rate followed by Soxhlet method. This difference could be due to
the availability of soluble components by different separation methods and solvents. UAE method
exhibited the higher extraction content due to its low operated temperatures, which reduces the heat
loss caused by high temperatures and also prevents the vaporization during boiling and to preserve the
phytoconstituents. Chromatographic analysis showed that BKL percentage was higher in petroleum
ether regardless of the extraction methods used suggested that petroleum ether is a favorable solvent
for extraction of BKL. In summary, the extraction methods do play a major role for the isolation of
BKL from PC (P. coryfolia). This will further help in selecting and optimizing the suitable method
of extraction for the herbal compounds. The anti-sepsis potential of BKL indicated that it has a
significant inhibitory effect against LPS-induced pathogenic shock by mitigating the circulating levels
of biochemical markers (AST, ALT, ALP, BIL, SCr, and BUN) and proinflammatory cytokines (TNF-α
and IL-1). Further studies are necessary to explore the clinical implications of such findings.
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