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a) Title of the thesis 

Screening and Identification of Phytopharmaceuticals for mitigation of Psoriasis vulgaris 

Abstract 

Background: Psoriasis is a chronic autoimmune disorder causing inflammatory skin disease. It is 

a chronic autoimmune disorder causing inflammatory skin disease1. Systemic treatment of 

psoriasis is amenable to immunosuppressants; however, they produce undesirable side effects 

and have serious toxicity profile2-5.  Herbal medicines are frequently used as systemic and/or 

topical interventions either as a replacement for or in conjunction with conventional methods but 

research is merely limited to inflammation aspects and not much attention is given to the 

assessment of these medicines on immune dysfunction6. Thus, this study has been designed to 

develop the phytopharmaceuticals with anti-psoriatic potential.   

Objective: To Screen and identify phytopharmaceuticals to evaluate anti-psoriatic potential of 

Psoralea corylifolia & Berberis aristata.  

Materials and methods: The seeds of P. corylifolia were procured from local market of 

Ahmedabad, Gujarat in the month of November 2018 and roots of B. aristata were procured 

from the Himalayan region of Garhwal, Uttarakhand, in the month of November 2019. Both the 

plant drugs were dried properly, powdered to 60 mesh, and stored in an airtight container at room 

temperature. Pharmacognostical profiles and physicochemical parameters were studied for both 

the plants. Extracts from both the plants were prepared using different methods and 

standardization was done. New isolation methods have been developed for the active principles 

present in P. corylifolia using flash chromatography technique. Further, simple, validated 

UHPLC–PDA with ESI–MS-MS and HPTLC methods were developed to estimate the major 

bioactives from both the plant. In-vitro studies using THP-1 cell lines using MTT assay was 

conducted targeting down regulation of immune response and its downstream effects like 

keratinocyte proliferation. Preclinical studies for safety and IMQ (imiquimod) induced psoriatic 

lesion model was performed. Strong evidence exists that the cell-mediated adaptive immune 

system, T helper 17 (Th17), plays critical roles in psoriasis, while myeloid cell-produced 

interleukin-23 (IL-23) functions as a key cytokine for the expansion and maintenance of Th17 

cells. Th17 cells and their downstream effector molecules, which include IL-17A, IL-22, and 

TNF-α, have been shown to induce keratinocyte proliferation and other hallmark features of 

psoriasis.  
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Results: Both the plants were authenticated by observing their macroscopical and microscopical 

characteristics. Psoralen was identified in diethyl extract column chromatography and benzene 

extract flash chromatography. Bakuchiol, another important bioactive was identified in diethyl 

extract column chromatography and later on, purified by flash chromatography. Benzene extract 

also yielded fractions 5-hydroxy xanthotoxin and Methyl 4-hydroxy benzoate as revealed by Co-

TLC using respective reference standards. The HPTLC method revealed the highest content of 

bakuchiol in P. corylifolia with 1.20 %, followed by psoralen 0.585 % and bavachin 0.285%. In 

B. aristata the berberine content was found to be highest (1.17 %) followed by palmatine (0.84 

%), berbamine (0.77 %), jatrorrhizine (0.12 %) and magnoflorine (0.10 %) when analyzed by 

HPTLC. Additionally, UHPLC MS/MS method was developed in both the plants and used for 

quantification. From the MTT assay data on THP-1 cell line, it can be concluded that the extracts 

B, B1 and P proved to be toxic at lower doses, whereas extracts P1 and P2 proved to be toxic at 

mid doses. Imiquimod model showed that, rat treated with MEPB & MEB showed effects similar 

to those of clobetasol treated rat where almost complete recovery from the IMQ induced 

hyperplasia of the epidermal tissue with only minor inflammatory reaction was observed.  

 

Conclusion: Both the plant extracts were standardized for their bioactive constituents by HPTLC 

& UPLC-MS/MS and their effects (in-vitro & in-vivo) on psoriasis was evaluated and it can be 

concluded that both the drug extracts (either alone or in combination) can be used for mitigation 

of Psoriatic lesions. 

b) Art of research topic: 

In response to stress, genetic, autoimmune reaction and medication, hyperactivation of T-cells 

occurs. It causes epidermis infiltration and keratinocyte proliferation. These activated T-cells are 

again responsible for the activation of macrophages and down regulates immune system.  Due to 

that deregulated inflammatory process starts. Thus, large production of various cytokines 

(inteferron, interleukin-12) takes place. As a result, dilation of superficial blood vessels and 

vascular engorgement occurs with addition to epidermal hyperplasia and improper cell 

maturation which fails to release adequate lipids which lead to flaking and scaling presentation 

of psoriasis lesion7, 8.   

 

c) Definition of the problem: 
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Antipsoriatic drugs are less efficacious in recurrent psoriasis and in preventing relaps. 

Unfavorable long-term outcomes, paradoxical effects and increase vulnerability to relapse is 

observed in the prevailing treatment 2-5  

d) Objectives and scope of the work 

Herbal medicines are frequently used as systemic and/or topical interventions either as a 

replacement for or in conjunction with conventional methods but research is merely limited to 

inflammation aspects and not much attention is given to the assessment of these medicines on 

immune dysfunction. The biochemical basis for the pathogenesis of psoriasis, which is as equally 

varied as the genetic basis, can be attributed to both over-expression and under-expression of 

certain proteins in psoriatic lesions6. The anomalies in protein expression can be divided into 

three areas: abnormal keratinocyte differentiation, hyper proliferation of the keratinocyte and 

infiltration of inflammatory elements9. Various markers of abnormal keratinocyte differentiation 

have been found and all have implications in the pathogenesis of the disease. Numerous protein 

targets have been identified in various research studies for the treatment of psoriasis includes 

Signal Transducer and Activator of Transcription 3 (STAT3), Dihydrofolate reductase (DHFR), 

Aryl hydro carbon receptor (AHR), Heat shock proteins 70 (HSP70), interleukin 17a, 218 

interleukin 17f, interleukin 22, tyrosine kinase, epidermal growth factor, interleukin 23, 

interleukin 6, interleukin 2, interleukin 810. Earlier, Psoriasis was treated as a skin disease 

disorder. However, as it is an auto-immune disorder, the treatment must be site targeted which 

suppresses the immune system. Thus, this study has been designed to develop the 

phytopharmaceuticals with anti-psoriatic potential.   

e) Original contribution by thesis 

The current study provided new and simple isolation methods for major bioactives present in P. 

corylifolia. Both the Plant extracts were standardized for their bioactive constituents by HPTLC 

& UHPLC–PDA with ESI–MS-MS and their effects (in-vitro & in-vivo) on psoriasis was 

evaluated. 

f) Methodology of Research, Results / Comparisons 

a. Methods 

Physical examination along with organoleptic and microscopical study was performed. 

Physicochemical parameters were also studied for both the plants. Extraction was done using 
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reflux, maceration, percolation, ultrasonication, autoclave and soxhlet methods and % Yield was 

calculated. 

Isolation and identification of compounds  

Column chromatography of P. corylifolia extract 

1.73 g of Diethyl ether extract was taken in dry silica gel powder and subjected to column 

chromatography on silica gel column (60-120#) and gradient elution was performed with 100% 

n-hexane containing increasing amounts of ethyl acetate. Around 130 fractions were separated 

and recorded with different Rf values. Based on TLC study, similar fractions were pooled 

together and allowed to concentrate. Fractions 72 to 74 were evaporated to give white needle 

shaped crystals (compound C-1). Co-TLC was performed using mobile phase toluene : ethyl 

acetate : formic acid (5:4:1) and visualized under 254 and 366 nm. Fractions 101 – 130, was 

exported for further purification by Automated Flash Chromatography. Conditions for Flash 

Chromatography for the purification of isolated compound mentioned in below Table 1. 

Table 1: Conditions for Flash Chromatography 
 

 

 

 

 

 

 

 

 

 

Fraction 37, which was obtained during elution period of 30 minutes and 40 seconds were 

evaporated to give orange colour compound   C-2. Co-TLC was performed using mobile phase 

n-hexane: ethyl acetate (7:3) and visualize under 254 and 366 nm. 

Isolation of compound from Benzene extract 

P. corylifolia seed powder was extracted with benzene for 3 hrs in reflux condition to obtain 

benzene extract. Extract was dissolved in hexane to obtain precipitates which were filtered and 

filtrate was subjected to Biphasic system (n-hexane:ethylacetate:methanol:water). Aqueous layer 

Sr. No. Parameters     Conditions 

1.  Solvent n-Hexane (A): Ethyl acetate(B) 

2.  Flow rate  15 ml/min 

3.  Pressure  22 Bar 

4.  Wavelength  254 and 366 nm 

5.  Mode  Direct injection 

6.  Loaded on  Silica gel column (60-120#) 24g 

7.  Elution  Gradient 
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collected to obtain white precipitates and Organic layer subjected to flash chromatography. 

Compound obtained was recrystallised using methanol. Aqueous layer collected was subjected to 

flash chromatography with gradient mobile phase composition. Fraction 11, which was obtained 

during elution period of 05 minutes and 40 seconds were evaporated to give white amorphous 

compound C-3 and co-TLC was performed using mobile phase n-hexane: ethyl acetate (7:3) and 

visualize under 254 and 366 nm. Fractions 15 to 24, which were obtained during elution period 

of 10 minutes and 40 seconds, were evaporated to give white needle crystals compound C-4 and 

co-TLC was performed. Organic layer collected was subjected to flash chromatography with 

following mobile phase composition. 

Fraction 24, which was obtained during elution period of 16 minutes and 40 seconds were 

evaporated to give white colourless crystals C-5 and co-TLC was performed using mobile phase 

Toluene : ethyl acetate : Formic acid (5:4:1) and visualize under 254 nm. 

Estimation of Psoralen, bavachin and bakuchiol in P. corylifolia using HPTLC 

Accurately weighed P. corylifolia seed powder of was extracted exhaustively with methanol 

under reflux for. 20 mg of extract was dissolved in 10 mL methanol and 20 µL of methanolic 

solution was applied to a TLC plate. Co-TLC studies were performed on silica gel G 60F254 

plates with mobile phase, toluene: ether, 1:1 saturated with 10% glacial acetic acid (v/v). HPTLC 

analysis was performed on 20 cm × 10 cm aluminum backed HPTLC plates coated with a 0.2 

mm layer of silica gel G 60F254 (Merck, Mumbai, India). The reference standards and samples 

were applied on to the plates in the form of 6 mm long bands, 8 mm from bottom edge of the 

plate and 14 mm from side the edges, by means of a CAMAG (Muttenz, Switzerland) automatic 

TLC applicator Camag Linomat V. The HPTLC method was validated according to the ICH. The 

method was validated for linearity, precision, accuracy and recovery, limit of detection, limit of 

quantification, specificity, robustness and ruggedness11.  

Estimation of Berberine, berbamine, palmatine, magnoforine and jatrorrhizine 

from Berberis aristata using HPTLC 

Berberine, berbamine (1 mg mL–1), palmatine (1 mg 5 mL–1), magnoforine (1 mg 10 mL–1) 

and jatrorrhizine (1.4 mg 10 mL–1) standard stock solutions were prepared separately. 20 mg of 

extract was dissolved in 10 mL methanol and an aliquot of 25 µL of methanolic solution was 

applied to a TLC plate. Co-TLC studies were performed on silica gel G 60F254 plates with 

mobile phase, ethyl acetate‒formic acid‒glacial acetic acid‒ water (100:11:11:26, V/V). HPTLC 
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analysis was performed on 20 cm × 10 cm aluminum backed HPTLC plates coated with a 0.2 

mm layer of silica gel G 60F254 (Merck, Mumbai, India). The validation was performed 

according to the (ICH) Q2 (R1) guidelines for linearity, precision, accuracy and recovery, limit 

of detection, limit of quantifcation, specifcity, robustness and ruggedness11. All measurements 

were performed in triplicates. 

UHPLC–PDA with ESI–MS-MS Method was developed for estimation of Magnoflorine, 

Berbamine, Columbamine, Jatrorrhizine, Palmatine and Berberine in Berberis aristata 

The stock solution for compounds was prepared and then sonicated for 10.0 min and filled 

volume up to the mark with methanol and were stored at 4 °C. The working standard solution 

was prepared daily for the stock solution with diluent; the final concentration was 500 µg /mL. 

The mobile phase used was 0.1 % trifluoroacetic acid in water (A), 0.1 % trifluoroacetic acid in 

acetonitrile (B) with a gradient elution mode of 0.01 min, 20 % B; 0.01-17.00 min, 20-45 % B; 

17.00-17.50 min, 45-40 % B; 17.50-18.00 min, 40-20 % B; 18.00-20.00 min, 20 % B. The PDA 

detector was set to 190−600 nm and detection was carried out at 280 nm. Mass analysis was 

conducted in scan and MS/MS settings in positive as well as negative ion modes and 

corroborating the product ion by a precursor scan mode12-13.  

UHPLC–PDA with ESI–MS-MS Method was developed for estimation of Daidzein, 

Psoralen, 8-Methoxypsoralen, Neobavaisoflavone, Bavachin, Psoralidin, Isobavachalcone, 
Bavachinin and Bakuchiol in P. corylifolia  

The instrument used for UHPLC analysis was Shimadzu Nexera X2 (Shimadzu Tech., Kyoto, 

Japan) consisting of a quaternary pump (LC-30AD), auto-sampler (SIL-30AC), column oven 

(CTO-20AC) with a diode-array detector (SPD-M20A), coupled with LCMS-8045 (Shimadzu 

Tech., Kyoto, Japan), and triple-quadrupole mass detector equipped with a thermally assisted 

ESI source. An outlet of the PDA detector was connected to a splittertosplit the flow (2:1 

mL/min. The compounds were separated on a Phenomenex Luna 5 μm C8 (2) 100 Å column 

((150 X 4.6mm X 5 µm), column. The column temperature was maintained at 25 °C. Mass 

analysis was performed in scan and MS/MS conditions in both the positive and negative ion 

modes with product ion confirmation by a precursor scan. All data were analyzed using the Lab 

Solution software (Version 6.80). 
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Pharmacological Screening of Extracts14 

MTT assay  

1) Media containing test compounds was removed from the culture wells and fresh 200μl 1XPBS 

buffer was added.  

2) Two washes was given to the culture to remove traces of test compound from the culture.  

3) Further media with (200μl) was added to the culture.  

4) 20 μl of MTT (5mg/ml) solution prepared in PBS was added in the culture.  

5) Culture was incubated at 37ºC for 3 hours, so as to allow the reaction to take place.  

6) After the incubation, media with unbound MTT was aspired out and two washes of 1XPBS 

was given to cells to remove traces of unbound MTT compound.  

7) After washes 100μl of DMSO was added to cells, so the water insoluble compounds can be 

dissolved in DMSO and reading was taken at 570 nm.  

Table 2:  

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental animals and ethics approval 

6–8 weeks old Wistar albino rats were housed under specific pathogen-free conditions and 

provided with food and water ad libitum. Prior permission of experiments on Animals had taken 

from the Institutional Animal Ethics Committee. All the experiments on animal have been 

conducted as per the guidelines of Committee for the Purpose of Control and Supervision of 

 

 

Group  Dose Conc.  

µg/ml  

No. of replicates  

G1  Control  0  3  

G2  Dose  10  3  

G3  Dose  20  3  

G4  Dose  40  3  

G5  Dose  60  3  

G6  Dose  80  3  

G7  Dose  100  3  

G8  Dose  200  3  

G9  Dose  400  3  

G10  Dose  800  3  
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Experiments on Animals (CPCSEA), [(LMCP/COGNOSY/19/12)] Ministry of Social Justice 

and Empowerment, Government of India.  

Total number of animals: Rats: 60 

Treatment Protocol15-17 

Model: Imiquimod (IMQ) induced Psoriasis model 

 

Table 3: Details of experimental groups 

Group No. of  

rat 

Receives 

Group I Normal 

control 

6 Vaseline on shaved dorsal skin surface and right ear 

pinna. 

Group 

II 

Disease 

Control 

6 5% IMQ cream on shaved back 20mg/cm2 and right 

ear pinna topically 

Group 

III 

Treatment 

Group-I 

6 IMQ plus Clobetasol at 40 mg/ cm2 twice daily topically 

Group 

IV 

Treatment 

Group-II 

6 IMQ plus P 40 mg/ cm2 twice daily topically 

Group 

V 

Treatment 

Group- III 

6 IMQ plus B 40 mg/ cm2 twice daily topically. 

Group 

VI 

Treatment 

Group- IV 

6 IMQ plus PM 200 mg/ cm2 twice daily topically. 

Group 

VII 

Treatment 

Group-V 

6 IMQ plus BM 200 mg/ cm2 twice daily topically. 

 

Group 

VIII 

Treatment 

Group-VI 

6 IMQ plus B + P 40 mg/ cm2 twice daily topically. 

 

Group 

IX 

Treatment 

Group-VII 

6 IMQ plus BM + PM 200 mg/ cm2 twice daily 

topically. 

Group 

X 

Treatment 

Group-

VIII 

6 IMQ plus HE 200 mg/ cm2 twice daily topically. 

 



10 
 

Procedure: 

Rats were randomly divided into 10 groups (N=6) on day 1 and continuing for 15 consecutive 

days, rat in all groups except for the normal group received a daily topical dose of 62.50mg of 

the IMQ cream on the shaved area of their backs. This translates into a daily dose of 3.125mg of 

the active ingredient. On the right ear, 5% IMQ cream was applied at a dose of 20mg/cm2. Rats 

received the treatment twice a day for 10 days topically. 

Sample Collection: All the rats in group I to X were sacrificed at the end of the experiment by 

CO2 asphyxia. Rats in groups III and X received IMQ treatment for 15 days, clobetasol, 

bioactives, combination of bioactives and plant extracts from day 7 through day 16. They were 

sacrificed on day 17 at laboratory. Central dorsal skin tissue (approximately 1 cm2) and right ear 

pinna from all the groups were excised for histological studies and cytokine production analysis. 

Blood samples from all the groups were collected in dry vials for cytokine production analysis. 

Table 4: Parameter evaluation for in-vivo study 

Sr. no  Parameter  Evaluation Period  

1  Psoriasis Area and Severity Index (PASI) scores will be 

determined  

To be evaluated at 0, 2, 4, 6, 8, 

10, 12, 14 and 16 days  

2  Histopathological examination  To be evaluated at the end of 

experiment  

3  Changes in spleen: weight and size  To be evaluated at the end of 

experiment  

4  Assay of cytokine production (Il-17A, IL -23 & TNFα) 

in serum & skin  

To be evaluated at the end of 

experiment  
 

b. Results 

The powder microscopy of P. corylifolia seeds showed the presence of xylem vessels, tannin 

content, fixed oil globules, starch grains and trichomes, whereas cork, xylem vessels, phloem 

fibres, stone cells and calcium oxalate crystals were present in the root powder of B. aristata. 

The highest % yield was found to be in reflux method with 26% and 8.7% in P. corylifolia seeds 

and B. aristata roots, respectively. 

Identification of isolated compounds from TLC studies, I. R spectroscopy & Lc-MS/MS:  

Rf for the spot resolving in C1 and C4 corresponding to psoralen standard (A) is 0.62 under the 

chromatographic conditions mentioned in experimental section. Rf for the spot resolving in C2 
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corresponding to bakuchiol standard (B) is 0.76 under the chromatographic conditions mentioned 

in experimental section. Rf for the spot resolving in C3 corresponding to 5-hydroxy xanthotoxin 

is 0.64 under the chromatographic conditions mentioned in experimental section. It is confirmed 

by LC-MS/MS. Rf for the spot resolving in C5 corresponding to methyl 4-hydroxy benzoate 

standard (D) is 0.48 under the chromatographic conditions mentioned in experimental section. 

 

 

 

 

 

 

 

 

 

 

Figure 1 

TLC studies of 5 isolated compounds  

Results of Estimation of Psoralen, bavachin and bakuchiol in P. corylifolia using HPTLC 

 

 

 

 

    

 

 

 

 

Figure 2: 

HPTLC and Densitometric chromtograms of standards Bavachin (A),  bakuchiol (B) & 

Psoralen (C) and test extract  (D) 
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Results of Estimation of Berberine, berbamine, palmatine, magnoforine and jatrorrhizine 

from Berberis aristata using HPTLC 

 

 

 

 

 

 

  

 

  

Figure 3: 

Densitometric chromtograms of standards Berberine (A), Berbamine (B), Palmatine(C),  

Magnoflorine (D) , Jatrorrhizine (E) and test extract  (F) 

 

Results of UHPLC–PDA with ESI–MS-MS Method was developed for estimation of 

Magnoflorine, Berbamine, Columbamine, Jatrorrhizine, Palmatine and Berberine in 

Berberis aristata 

 

 

 

 

 

 

 

 

 

 

Figure 4: 

UHPLC Mass confirmation of 6 compounds in B. aristata 
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UHPLC–PDA with ESI–MS-MS Method was developed for estimation of Daidzein, 

Psoralen, 8-Methoxypsoralen, Neobavaisoflavone, Bavachin, Psoralidin, Isobavachalcone, 
Bavachinin and Bakuchiol in P. corylifolia  

 
Figure 5: 

UHPLC Mass confirmation of 9 compounds in P. corylifolia 

 

Results of Pharmacological screening using MTT Assay  

The extracts B, B1 and P proved to be toxic at lower doses whereas extracts P1 and P2 proved to 

be toxic at mid doses (100 to 400 ug/ml). 

 

 

 

 

 

 

 

Ic50 = 80.51 µg/ml                         Ic50 = 83.03 µg/ml                                Ic50 = 74.66 µg/ml 
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Figure 6:  

Results for MTT Assay (THP-7 cell line) 

 

In-vivo study results 

  

 

  

 

 

 

 

Figure 7: 

 PASI scores showing intensity of thickness, scale and erythma 

 

Effect of phytopharmaceuticals on IL-17a cytokines in serum and tissue of IMQ induced 

psoriasis like dermatitis in rat 

 

 

 

 

 

 

 

 

Figure 8: Il-17a cytokine study result 
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Effect of phytopharmaceuticals on IL-23 cytokines in serum and tissue of IMQ induced 

psoriasis like dermatitis in rat 

 

 

 

 

 

 

 

 

 

Figure 9:  
Il-23 cytokine study result 

Effect of phytopharmaceuticals on TNF-α cytokines in Tissue of IMQ induced psoriasis 

like dermatitis in rat 

 

 

 

 

 

 

 

 

Figure 10:  

TNF-α cytokines study result 

Statistical analysis was performed by one-way ANOVA followed by a Bonferrni-test. Values are 

expressed as the mean ± SD (n = 6);* P < 0.05 of treatment groups compared to normal control 

(one-way ANOVA followed by a Bonferrni-test.* Indicates significant difference from control 

group. # Indicates significant difference from disease control group. $ Indicates significant 

difference from Standard treatment group. 
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g) Achievements with respect to objectives 

The present study involves use of simple column chromatography followed by use of flash 

chromatography to separate major bioactive compounds such as psoralen, bakuchiol and 5-

hydroxy xanthotoxin from P. corylifolia seed. Phytopharmaceuticals from both the plants were 

standardized using HPTLC and UHPLC-Ms/Ms method. The in-vivo study suggests that P. 

corylifolia and B. aristata has significant effect on treating psoriasis.  

Conclusion 

Both the Plant extracts were standardized for their bioactive constituents by HPTLC & UPLC-

MS/MS and their effects (in-vitro & in-vivo) on psoriasis was evaluated and it can be concluded 

that both the drug extracts (phytopharmaceuticals) either alone or in combination can be use for 

mitigation of Psoriatic lesions. 
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