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6. Implementing Institution and other collaborating Institutions: 
School of Natural Product Studies 

Jadavpur University 

Kolkata � 700032, India 

7. Date of commencement: 9th April 2008. 
 

8. Duration:  Three years 

9. Date of completion: 31st June 2011 
 

10. Objectives as approved: 

Several reports have demonstrated that herbal products and phytoceuticals isolated 

from them may cause pharmacokinetic interaction with western drugs used clinically 

when they are simultaneously administered (Nebel et al., 1999). Millions of people 

are benefited using herbal therapies along with prescription and non-prescription 

medicine. Hence, the safety profile of the herbs is an area of major concern. When 

herbs interact with modern medicines, there may be a chance of potential toxicity, 

therapeutic alteration of the herb due to the change in their metabolic and 

physiological effects.  
 

The Cytochrome P450 isoenzymes (CYP�s) are super family of hemoprotein enzymes 

found on the membrane of endoplasmic reticulum. CYP enzyme are found mainly in 

the liver and involved in the metabolism of a plethora of xenobiotics, which have been 

reported to be involved in several interactions between drugs, herbs, foods and other 

constituents. Several isoforms, such as CYP3A4, CYP2D6, appear to be most 

relevant for the metabolism of clinically significant drugs. Drug interactions involving 

the CYP isoforms generally result from enzyme induction or inhibition. Inhibition of 

CYP enzymes may be reversible, irreversible and mechanism-based according to the 

inhibitory mechanism of enzyme (Lin and Lu, 2001). Several medicinal plants from 

Chinese, Japanese, Indonesia etc were evaluated for their potential drug interaction 

with Cytochrome enzymes (Hussin, 2001). Further, Quality control of herbal drug 
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remains another challenge due to the complexity of herbal phytochemicals, so 

standardization of herbal drug is important. The plant materials should be 

standardized using HPTLC densitometry scanning (Mukherjee 2002, Mukherjee 

2009). Based on the above facts, our main objectives of this projects were: 
 

 Development of safety and toxicity profile of Ayurvedic herbals through 

various models of CYP 450 enzyme inhibition methods. 

 Identification of the active markers present in the herbs and their 

quantification. 

 Development and documentation of the CYP inhibitory potential of the herbs 

under study and understanding of probable mechanism of herb-drug 

interactions. 

Through this project, the inhibitory effect of some selected Ayurvedic herbs 

on pooled CYP450 enzyme and two CYP isozymes (CYP3A4 and CYP2D6) 

have been evaluated. This work will assist to develop various aspects of the 

safety and toxicity of the herbals by documentation of the toxicity and adverse 

effect of the herbs which will definitely help in promoting Indian system of 

medicine (ISM) to the international commerce. 
 

11. Deviation made from original objectives if any, while implementing the 

project and reasons thereof.    

No Deviation was made from original objectives. 
 

12. Experimental work giving full details of experimental set up, methods 
adopted, data collected supported by necessary tables, charts, diagrams and 
photographs. 
 

12.1. Plant extracts 
Lyophilized plant extracts were provided by Central Council for Research in 

Ayurveda and Siddha (CCRAS), Government of India, New Delhi, India. 
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Andrographis paniculata extract was prepared at School of Natural Product 

Studies, Jadavpur University. The detail of the plants used in this study has 

been provided in Table 1. 
 

Table 1: Plant extracts used for the study 
 

S. No Plant name Family Part used Type of extract

1.  Acorus calamus Acoraceae Rhizome  Hydro alcoholic 

2.  Andrographis paniculata Acanthaceae Leaves Hydro alcoholic 

3.  Bacopa monnieri Scrophulariaceae root  Aqueous 

4.  Boerhavia diffusa Nyctaginaceae Whole plants Hydro alcoholic 

5.  Centella asiatica Mackinlayaceae Whole plant Hydro alcoholic 

6.  Cissus quadrangularis Vitaceae Aerial part Hydro alcoholic 

7.  Emblica officinale Phyllanthaceae Fruit Aqueous 

8.  Glycyrrhiza glabra Fabaceae Root Hydro alcoholic 

9.  Piper longum  Piperaceae Fruit  Hydro alcoholic 

10.  Picrorhiza kurroa Scrofulariaceae Root Hydro alcoholic 

11.  Terminalia bellerica Combretaceae Fruit  Hydro alcoholic 

12.  Terminalia chebula Combretaceae Fruit Hydro alcoholic 

13.  Tinospora cordifolia Menispermaceae Stem Hydro alcoholic 

14.  Withania somnifera Solanaceae Root Hydro alcoholic 

15.  Zingiber officinale Zingiberaceae rhizome Hydro alcoholic 

 
12.2. Standardization of plant materials 
 

Plant extracts were standardized thorough HPTLC densitometry using the CAMAG, 

Muttenz, Switzerland, HPTLC system. Aluminum backed HPTLC plates Si 60F254 

was obtained from E-Merck, Mumbai, India, used for the study. Syringe filter (NYL 

0.45 m) was procure from Whatman�s (NJ, USA). All the solvents used for the 

analysis were of analytical grade purchased from E. mark. 
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The experimental conditions, such as mobile phase composition, linearity range, scan 

speed and wavelength of detection have been optimized to provide accurate and 

precise result. The mobile phase resolved the marker components efficiently from 

other components of the extract. (Mukherjee et al, 2008, Gantait et al. 2010). All the 

developed methods showed excellent reliability and reproducibility. The Rf value and 

percentage of the marker components present in the plant, its correlation coefficient 

are given in Table 2. 
 

12.3. Instrument used  
 

 Camag, Linomat V (Muttenz, Switzerland) sample applicator.  

 Camag TLC Scanner 3 with integrated Wincats softwar. 

 Camag twin trough chamber (10 cm × 10 cm). 

 Camag 100 µl syringe. 

 UV lamp (HP- UV VIS Desaga; Germany). 

Figure 1 Schematic representation of the project 
 

12.4. Preparation of Rat liver Microsomes 
 

Rat liver microsomes (RLM) were prepared by the method described by Iwata et al., 

1996. The flow diagram of the isolation techniques has been represented in Figure 2. 
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Protein concentrations were determined by modified biuret method using bovine 

serum albumin as standard by AMS photo-analyzer PF-2. 
 

 
 

Figure 2 : Isolation techniques for Rat liver microsome 
 
Table 2: Different parameters used for standardization of selected Ayurvedic 
plants. 
 

Plant name Mobile phase 
Marker 
Compound 
used 

Rf Value & 
[correlation 
coefficient] 

Percentage 
of 
Marker 
compound 
(% w/w) 

Acorus
calamus 

Toluene: Ethyl 
acetate (93:7 v/v) -Asarone 0.71 

[0.9954] 
1.76% 
 

Andrographis
paniculata

chloroform: methanol 
(9 : 1) andrographolide 0.55 

[0.993] 4.76 % 

Bacopa
monnieri

Dichloromethane: 
Methanol: Water  
(5: 1.5: 0.5 ) 

Bacoside A 0.67 
[0.99472] 2.07% 

Boerhavia
diffusa

Toluene:Ethylacetate:
Formic acid ::7:3:0.2 

ursolic  
acid 

0.49 
[0.995] 1.86 % 

Centella
asiatica

Chloroform: Glacial 
acetic acid: Methanol: 
Water (60:32:12:8)  

Asiaticoside 0.81  
[0.99958] 

3.2 %  
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Cissus
quadrangularis 

hexane:ethyl acetate 
(6:1) 
 

-amyrin 0.12 
[0.9954] 1.22 % 

Emblica 
officinale

Toluene: Ethyl 
acetate: Formic acid 
(10:10:3) 

Gallic acid 0.43 
[0.99965] 1.76 % 

Glycyrrhiza
glabra

Chloroform: 
Methanol: Water  (65: 
36: 7.5) 

Glycyrrhizin 0.58 
[0.99947] 3.6 % 

Piper longum Toluene: Ethyl 
acetate (7:3) Piperine 0.34 

[0.99952] 0.67% 

Picrorhiza
kurroa

Chloroform : Methanol 
(82 :18 v/v) Picroside I 0.32 

[0.999] 0.981 

Terminalia 
bellerica

Toluene: Ethyl 
acetate: Formic acid 
(10:10:3) 

Gallic acid 0.43 
[0.99956] 1.76% 

Terminalia 
chebula

Toluene: Ethyl 
acetate: Formic acid 
(10:10:3) 

Gallic acid 
0.43 
[0.99965]  
 

2.5% 

Tinospora
cordifolia

Toluene :acetone 
:Water :: 5:15:1 Tinosporoside 0.36 

[0.992] 0.24 

Withania
somnifera 

Toluene:Ethyl 
acetate:Formic acid 
(5:5:1) 

Withanolide- A 0.49 
[0.99734] 1.29% 

Zingiber
officinale

n-Hexane: Diethyl 
ether (40: 60) 6- Gingerol 0.42 

[0.9997] 5.72 % 

 
12.5. CYP P450 - CO complex method 
 

12.5.1. Preparation of sample solutions 
Test sample were prepared by dissolving 1 mg of the corresponding extract in 

ethanol and DMSO solution. Major phyto-constituents from selected plants (Table 2) 

were dissolved at desire concentration. 5 µl ketoconazole (100 µM) was used as 

positive control to compare the inhibitory activity. Microsomes without extract have 

been used as the negative control and appropriate solvent controls were used in the 

study. 
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12.5.2. Cytochrome P450- carbon monoxide complex assay 
 

RLM was diluted with a phospho glycerol buffer (10 mM potassium 

phosphate, pH 7.4, 20% glycerol) and incubated with prepared extract 

(dissolved in ethanol and DMSO), final volume was adjusted to 200 µl 

using PG buffer in 96 well micro-well plate. The reaction of the extract and 

P450 was initiated by addition NADPH generating system (4.20 mg/ml of 

NADP+ in solution of 100 mM glucose-6-phosphate, 100 mM MgCl2 and 

100 U/ml glucose-6-phosphate dehydrogenase). One plate (P) was sealed 

with tape and kept in room temperature, while another plate (PC) was 

incubated in the CO chamber for 15 min.  0.5 M sodium hydrosulfite was 

used to reduce the sample. After addition of SHS solution P plate remains 

colourless and PC sample turn to yellow. Reaction was stopped by adding 

10 % trichloroacetic acid. The absorbance was taken using BIORAD 

microplate reader (Model 680XR) at 450 nm and 490 nm and absorbance 

difference was calculated. Ketoconazole was used as positive control. 

Proper solvent controls were used for the study. The entire sample was 

tested in triplicate and their mean values were taken. Concentration of 

P450 was calculated using the formula; [P450] (mM) = ( PC- P)/91 Where 

PC = absorbance difference of the PC sample, and P = absorbance 

difference of the P sample (Choi et al., 2003). Percentage inhibition was 

calculated using the following formula: 

 

Percentage inhibition =   (Blank � Test) × 100/Blank 

 

Based on this methodology selected plants were evaluated for the 

inhibitory potential on cytochrome P450. The schematic representation of 

the method has been represented in Figure 3. 



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

10

 
 

Figure 3 CYP450-CO complex assay 
 

12.6. Fluorimetric screening 
 

CYP3A4/ CYP2D6 high throughput inhibition assay were used to screen the potential 

inhibitors rapidly using CYP3A4 and 2D6 catalytic activity. The entire chemical for the 

study were purchased from Gentest Corporation (BD Biosciences, San Jose, CA, 

USA). [Catalog number: 459100 (CYP3A4) and 459200 (CYP2D6)] and invitrogen . 

NADPH �Co factor mixture was prepared and 145 µl was added to each well of first 

row of black 96 micro-well plates. All the remaining wells were filled with 100 µl of 

cofactor and respective solvent mixtures. 5 µl of test sample was added to each row. 

For determination of IC50 value, twofold serial dilution was done by transfer of 50 µl 

mixture from column 1 through 8. 25µM quinidine and 0.25µM Ketoconazole used as 

a positive control for CYP2D6 and CYP3A4 respectively. After pre-incubating the 

plate for 10 min at 37ºC, the reaction was initiated by adding 100 µl of enzyme-

substrate solution. The reaction mixture was incubated for 30 min at 37ºC and 

reaction was stopped by addition of 0.5 M tris base. Concentration of enzyme, 
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substrate and other assay condition are summarized in table 1. Fluorescent 

metabolite was measured in a Microplate Fluorescence reader (BioTek FLx 800 T, 

U.S.A.). Generation of the products was linear over the range used for these assays; 

the obtained data were analyzed using an Excel spreadsheet. Percentage of 

inhibition and IC50 was calculated according to the following formula (Ganzera et al). 
 

  (50% - Low % inhibition) 

IC50 =  ------------------------------------------  X (High conc � Low conc) + Low conc 

 (High % inhibition � Low % inhibition) 
 

Using the above explained procedure the following plants were screened for their 

CYP3A4 and CYP2D6 inhibitory potential. The schematic representation of the 

Fluorimetric assay has been represented in Figure 4.  

 

 
 

Figure 4 Fluorometric microplate assay 
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-Asarone  

12.7. Statistical analysis 
 

All data were expressed as mean ± S.E.M. The statistical significance was calculated 

by one-way analysis of variance (ANOVA) using GraphPad InStat Version 5.0. 

Dunnett's multiple comparison test were performed by fixing the significance level at 

p<0.05 and above. 
 

12.8. RESULT AND DISCUSSION 
 

12.8.1 Standardization of Acorus calamus
 

Hydro alcoholic extract of Rhizome of Acorus calamus was provided by Central 

Council for Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, 

Ministry of Health and Family Welfare, Government of India, New Delhi. -asarone 

was purchased from Sigma (Steinheim, Germany). 2, 4, 6, 8, 

10 µl of the standard -asarone  were applied on aluminium-

backed HPTLC plates (10cm×10cm) with the help of a 

Camag, Linomat V (Muttenz, Switzerland) sample applicator.  

5µl of extract was also applied on the plate. Application rate 

was 150 nl/sec, under constant N2 gas flow. The spots were 

applied 10 mm above the edge with a bandwidth of 8 mm. 

Distance between tracks was 12 mm. The ascending development of the plate was 

carried out in a Camag twin trough chamber (10 cm × 10 cm); which was pre-

saturated with mobile phase for 30 min and run up to 80 mm; at room temperature 

(25 ± 2 C). Mobile phase was optimized to toluene: ethyl acetate (8: 3). After 

development, the plate was air dried and the spots were detected under UV lamp at 

254 nm (HP- UV VIS Desaga; Germany). Developed plate was scanned using 

Camag TLC Scanner 3 (Muttenz, Switzerland) with integrated Wincats software at 

254 nm.  A calibration curve was prepared with the help of area under curve of -

asarone.  Quantity of -asarone in the plant extract was found to be 1.76 %.  
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Figure 5A HPTLC Chromatogram of -
asarone 
 

Figure 5B HPTLC  Chromatogram of 
A. calamus 

 
 

Figure 5C HPTLC calibration curve of 
standard -asarone 

Figure 5D TLC plate of standard -
asarone and A. calamus extract 

 

12.8.2. Herb-drug interaction potential of A. calamus and -asarone: 
 

12.8.2.1. CYP450 - CO complex assay  
 

The CYP450 concentration of the diluted RLM was found to be 0.417 nmol/mg 

protein. Rhizome extract and -asarone showed a concentration dependent inhibition 

of CYP450 Figure 6. Results indicated that the plant extract and phyto-marker have 

significantly less inhibition than positive inhibitor ketoconazole (Figure 6). Extract 

dissolve in DMSO showed highest percentage of inhibition (28.56 ± 2.25%) which 

may be due to the higher solubility of extract in DMSO than the ethanol. Lowest 

inhibition (15.21 ± 0.89%) was observed in -asarone prepared in ethanol. These 

O
CH 3

O
CH 3

O
CH 3

CH 3

A B

A = Standard -asarone 

B = A. calamus extract

O
CH 3

O
CH 3

O
CH 3

CH 3
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results suggested about the interaction of A. calamus extract with pooled CYP450 

and the interaction potential is more with the extract rather than its pure molecule. 

 

0

20

40

60
Ketoconazole
A. calamus ethanol
A. calamus DMSO

 asarone DMSO
 asarone ethanol***

***

***
***

Acorus calamus extract
 

Figure 6 Percentage inhibitions of A. calamus extract and -asarone. Bars 
represent mean ± S.E.M. where n=3. ***P<0.001 versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 
 

12.8.2.2. Fluorimetric screening 
 

Preclinical biological screening is important not only for establishing the therapeutic 

efficacy of the medicinal plants but also to validate their historical utilization by 

traditional healers and herbalists. Drug interaction is not only limited to synthetic 

drugs, but natural products may also act as key factor to change in the CYP activity; 

for example CYP-modulating effects are described for echinacea, grapefruit juice or 

St. John�sWort (Modarai et al., 2010; Heinrich et al., 2008). In this study herb-drug 

interaction of A. calamus was evaluated through CYP450 inhibition assay along with 

different CYP isozymes such as CYP3A4 and 2D6. A. calamus extract and -asarone 

were assayed between concentrations ranging from 200 to 1.56µg/ml. This 

concentration range was optimized in our laboratory and between this range extract 

and marker showed good sigmoid enzyme inhibition. All samples were assayed in 

triplicate, and IC50 values were determined (Table 3).  
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Table 3 IC50 ( g/ml) value of the A. calamus and -asarone on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 

 

 Test sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)
Ethanol 46.84±1.83 36.81±3.93 Acorus calamus DMSO 43.96±1.01 32.99±2.21 
Ethanol 65.16±2.37 55.17±1.62 -asarone DMSO 57.46±3.34 42.15±2.45 

Ketoconazole Ethanol 5.74±1.24 - 
 DMSO 6.44±2.11 - 

Quinidine Ethanol - 3.52±0.94 
 DMSO - 4.11±1.25 

 
12.8.2.2.1. CYP3A4 
 

DMSO soluble extract showed lower IC50 value, hence higher interaction potential 

than ethanol soluble extract (Table 3). IC50 value of pure -asarone dissolved in 

DMSO and ethanol was found to be approximately similar. Concentration dependant 

inhibitory effect of marker and extract on CYP3A4 has been represented in Figure 7A 

and 7B 
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Ketoconazole
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0
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20
30
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50
60
70
80
90

100
-asarone ethanol
-asarone DMSO

Ketoconazole

log Concentration (µg/ml)

Figure 7A Percentage inhibitory effects of 
A. calamus and ketoconazole on CYP3A4 

Figure 7B Percentage inhibitory 
effects of, -asarone and 
ketoconazole on CYP3A4 
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12.8.2.2.2. CYP2D6 
 

Results indicated that calamus extract showed highest interaction potential (least IC50 

value) against CYP2D6 among all four isozyme tested. A. calamus dissolved in 

DMSO showed lower IC50 value than ethanol soluble extract. Inhibition potential of 

pure compound was lesser than the extract (Table 3). Concentration dependant 

Inhibition potential of CYP2D6 by the calamus rhizome extracts and its major 

bioactive compound -asarone have been represented in Figure 7C and 7D 
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50
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70
80
90

100
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-asarone DMSO

Quinidine

log Concentration ( g/ml)
 

Figure 7C Percentage inhibitory 
effects of A. calamus and quinidine 
on CYP2D6 

Figure 7D Percentage inhibitory effects 
of -asarone and quinidine on CYP2D6 

 

In view of the selection of the solvent, the DMSO has been utilized as it renders 

complete solubility of the compounds even though it may not be most favorable 

solvent for cytochrome inhibition study because it can inhibit the activity of several 

CYP450s (2 C19, 3A4, 2E1, and 2 C8/9) only when used more than 5% 

concentration. In this experiment <2% of DMSO and ethanol was used as better 

alternatives as long as the content is kept at a relatively low level (Pandit et al., 2011). 

Study results indicate that the A. calamus extract and its major constituent moderately 

inhibited the CYP450. The procedure could be used for assessment of the potential 

risk for metabolic interaction with conventional medicine (Zou et al., 2002).  
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Andrographolide 

CYP450 inhibition potential of extract was more comparing to its single bioactive 

compound. The higher enzyme inhibition by the extract may be related to the 

synergistic effects due to presence of other constituents in the extract. Interaction 

potential of extract and the marker is highest with CYP2D6 and lest interacting with 

CYP3A4. For all four isozymes, test extract and bioactive compound showed far 

higher IC50 value compare to respective positive inhibitors. This indicated that 

interaction potential of the test samples were very less compared to standard 

inhibitors. In other word use of this plant in Ayurveda is safe. 

12.8.3 Estimation of Andrographolide in A. paniculata extract through HPTLC 
 

Hydro alcoholic extract of A. paniculata was prepared at School of Natural Product 

Studies, Jadavpur University, Kolkata, India. Standard andrographolide was isolated 

based on previous reported methodology at School of 

Natural Product Studies, Jadavpur University, and Kolkata, 

India. Andrographolide was obtained as white crystal and 

was confirmed by mass spectrum. Chromatography was 

performed on silica gel 60 F254 HPTLC plates (10 cm × 10 

cm). Plant extract (5µl) and marker compounds (2, 4, 6, 8, 

µl) were applied on HPTLC plate as wide bands of 8 mm, 

positioned 10 mm from the bottom of the plate, using 

automated TLC applicator Linomat V. The uphill development of the plate was carried 

out in a Camag twin trough chamber (10 cm × 10 cm); which was pre-saturated with 

mobile phase for 30 min prior at room temperature (25 ± 2 C). Mobile phase was 

optimized as chloroform: methanol (9 : 1). After development, the plate was air dried 

and the spots were detected under UV lamp at 254 nm. Developed plate was 

scanned using Camag TLC Scanner 3. max was found to be 230 nm. Quantity of 

andrographolide in A. paniculata extract was resolute by means of calibration curve of 

the standard.  
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HPTLC Chromatogram of andrographolide has been represented in Figure 8A Chromatogram 

of A. paniculata showed five peaks (Figure 8B). Presence of Andrographolide in A. paniculata 

extract was confirmed by the corresponding Rf value of standard andrographolide (Rf - 0.55). 

Developed plate was observed under UV light at 254nm. The spot of standard andrographolide 

is resembled with the particular spot of the extract (Figure 8D). Calibration curve (Figure 8C) 

was linear with a correlation coefficient (r) of 0.993, which indicated a good linear dependence 

of the peak area on concentration. Residual standard deviation of the calibration was found to 

be 8.51%, which prove the linearity of where x represents the sample amount and y represents 

the response as area. The amount of andrographolide in the test extract was found to be 4.76 

% (w/w).  
 

 
Figure 8A HPTLC chromatogram of 
standard andrographolide 

Figure 8B HPTLC chromatogram of A. 
paniculata extract 

 

 

Figure 8C HPTLC calibration curve of 
standard andrographolide 

Figure 8D TLC plate of standard 
andrographolide and A. paniculata 
extract 

A = Andrographolide 

B = A. paniculata extract

A     B 
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12.8.4. Effect of extract and marker compounds on pooled CYP P450 
 

Cytochrome P450�CO complex method was used to assess the inhibitory potential of 

A. pniculata extract and its major bioactive compound andrographolide. Reduced 

CYP450-CO complex showed an absorption spectrum, which was different than that 

of the reduced CYP450. Concentration of CYP450 was determined using a formula 

that incorporates the change in absorbance at 450 nm relative to 490 nm (Choi et al., 

2003). The concentration of protein present in isolated microsomes was found to be 

8.3 mg/ml. CYP450 concentration in the microsome was estimated to be 0.502 

nmol/mg of protein. Percentage inhibition of the test substances compared to the 

positive control has been depicted in Figure 9. Extract dissolved in DMSO showed 

highest inhibition potential (60.24 ± 4.13) among the entire sample tested. It can be 

say that due to high dissolution of compounds in DMSO than the ethanol resulting 

higher inhibition potential in DMSO. Results indicated that extracts showed higher 

inhibition potential than bioactive compound. 
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Figure 9: Percentage inhibitions of A. paniculata extract and andrographolide 
on pooled CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
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12.8.5. Inhibitory profile of plant extracts and bioactive constituents on CYP 
isoforms  
 

This assay was based on the ability of a drug to compete with the different 

fluorogenic substrate for different CYP isoforms. The probe substrates used in these 

assays are derivatives of coumarin or resorufin, which after dealkylation by CYPs to 

generate fluorescent products. Respective positive controls for each isozyme were 

used to confirm the assay precision. Testing of the pure compounds indicates 

whether the overall activity was explainable by tested compounds or caused by other 

constituents in the extract.  
 

Table 4. IC50 ( g/ml) value of the A. paniculata and andrographolide on the 
metabolism mediated by CYP3A4, CYP2D6. Each value represents the mean ± 
S.E.M (n=3). 
 
Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

DMSO 65.89±2.50 78.10±0.57 Andrographis paniculata Ethanol 73.94±1.52 88.20±1.07 
DMSO 146.12± 3.05 144.61±1.70 Andrographolide Ethanol 147.24±2.11 144.03±1.38 
DMSO 8.31±1.24 - Ketoconazole Ethanol 9.11±0.95 - 
DMSO - 5.61±0.94 Quinidine Ethanol - 6.01±1.89 

 

12.8.5.1. CYP3A4 
 

CYP3A4 is the major drug metabolizing enzyme. A. paniculata extract showed the 

lowest IC50 value (IC50 < 0.1 mg/ml) against CYP3A4 among the entire test sample, 

consequently its interaction potential is highest (Table 4). Pure phytoconstituent has 

the higher IC50 value (IC50 > 0.1 mg/ml) than the extract. Figure 10A and 10B 

represents the concentration dependant inhibition effect of extract and the bioactive 

compound on CYP3A4. In both of the solvents interaction potential of pure 

andrographolide approximately similar i.e. solvents effect are negligible. 
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Figure 10B Percentage inhibitory effects 
of, andrographolide and ketoconazole 
on CYP3A4 

 

12.8.5.2. CYP2D6 
 

CYP2D6 is the rate limiting enzyme for metabolism of many psychiatric 

pharmaceuticals with additional problems stemming from a wide pharmacogenetic 

variability. Inhibitions of CYP2D6 by the plant extract and bioactive compound have 

been shown in Figure 10C and 10D A. paniculata extract showed higher interaction 

potential than pure andrographolide (Table 4).  
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Fluorescence-based high throughput screening assays for detecting drug metabolism 

have been successfully employed for in vitro assessment of herb-drug interactions 

and enzyme inhibition with several CYP isozymes. All the test samples showed 

concentration-dependent inhibitory activity on CYP3A4 and CYP2D6. CYP inhibitory 

potential by plant extract and the bioactive compound as described in this work and 

performed by others (Pekthong al., 2008; Winitthana et al., 2011) are potentially 

useful tools for screening of herbal medicines with respect to their herb-drug 

interaction. Present study revealed that the selected medicinal plant extracts and the 

pure compounds have very less inhibition potential on CYP3A4 and CYP2D6, 

comparing to their positive inhibitors ketoconazole and quinidine respectively. Results 

indicated that A. paniculata extract has higher inhibition potential comparing to 

andrographolide. CYP-CO complex assay result showed quite similar with fluorogenic 

assay. This higher CYP inhibition potential by the extract may be related to the 

synergistic effects due to the presence of other constituents in the extract (Mukherjee 

et al., 2011b). From these findings, it can be accomplished that the test extract and 

phytoconstituents have very less potential to interact with co-administered drug 

metabolism. In other word the selected medicinal plants and their bioactive 

components does not involved in interaction in other drug metabolism.  
 

12.8.6. Estimation of bacoside A in B. monnieri extract through HPTLC 
 

1mg of extract of Bacopa monneri root was 

accurately weighed and dissolved in 1 ml methanol to 

get the final concentration of 1 mg/ml. The aqueous 

extract of B. monnieri was provided by by Central 

Council for Research in Ayurveda and Siddha 

(CCRAS), Department of AYUSH, Ministry of Health 

and Family Welfare, Government of India, New Delhi. 

Extract solution was filtered through Whatman�s syringe filter. 1 mg of bacoside A was 

accurately weighted and dissolved in 10 ml methanol to get the final concentration of 

Bacoside A. 
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0.1 mg/ml. 2, 4, 8, 16 µl standard bacoside A were applied on aluminium-

backed HPTLC plates (10cm×10cm) with the help of a Camag, Linomat V 

(Muttenz, Switzerland) sample applicator.  5µl of extract was applied on the 

plate. Application rate was 150 nl/sec, under constant N2 gas flow. The spots 

were applied 10 mm above the edge with a bandwidth of 8 mm. Distance 

between tracks was 12 mm. The uphill development of the plate was carried 

out in a Camag twin trough chamber (10 cm × 10 cm); which was pre-

saturated with mobile phase for 30 min and run up to 80 mm; at room 

temperature (25 ± 2 C). Mobile phase was optimized to toluene�methanol�

ethyl acetate, 7.5:2.5:2.0. After development, the plate was air dried and the 

spots were detected at 254 nm (Figure 11D). 
 

Developed plate was scanned using Camag TLC Scanner 3 (Muttenz, 

Switzerland) with integrated Wincats software at 254 nm.  A calibration curve 

was prepared with the help of area under curve of standard.  Quantity of 

bacoside A in the plant extract was determined by plotting the extract 

concentration by linear regression. The optimized mobile phase has been 

resolved the marker compound bacoside A efficiently from other components 

in the extract. Chromatogram of extract showed five peaks (Figure 11B). 

Presence of bacoside A in the plant extract was confirmed by the 

corresponding Rf value of 19. HPTLC Chromatogram of bacoside A has been 

represented in Figure 11A Calibration curve (Figure 11C) was linear in the 

range of 200-1000 ng/spot with a correlation coefficient (r) of 0.999, which 

indicated a good linear confidence of the peak area on concentration. 

Residual standard deviation of the calibration curve was found to be 3.02%, 

which prove the linearity of the calibration. The linearity relationship was 

described by the equation Y = 5.916+0.169* x, where x represents the sample 

amount and y represents the response as area. The quantity of bacoside A 

present in the test extract was found to be 2.07 % (w/w).  
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Figure 11A HPTLC chromatogram of 
bacoside A. 

Figure 11B HPTLC chromatogram of 
B. monnieri extract 

 

Figure 11C HPTLC calibration curve of 
standard bacoside A. 

Figure 11D TLC plate of standard 
bacoside A  and B. monieri extract  

 
12.8.7. Effect of B. monnieri on drug modulating enzymes 
 

12.8.7.1. CYP CO complex assay 
 

Concentration of protein in isolated rat liver microsome was found to be 8.5 mg/ml. 

The concentration of CYP450 in diluted microsome sample was 0.465 nmol/mg 

protein. CYP450�CO complex method was performed to screen the interaction 

A = Bacoside A 

B = B. monnieri extract

A         B 
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potential of B. monnieri. The reduced CYP450-CO complex showed a characteristic 

absorption spectrum, which was different than that of the CYP450. The CYP450 

concentration was determined using a formula that incorporates the change in 

absorbance at 450 nm relative to 490 nm, with the millimolar difference of extinction 

coefficient 91 (Choi et al., 2003). Extract prepared in ethanol and DMSO solution (1 l 

- 100 l) showed a concentration dependent inhibition of CYP450 (Figure 12). Among 

these concentrations, the test substances up to 100 l showed linear reduction in 

cytochrome concentration. B. monnieri extract dissolved in DMSO showed highest 

percentage of inhibition this may be due to the higher solubility of extract in DMSO 

than the extract solubilized in ethanol. It can be say that due to high dissolution of 

compounds in DMSO resulting higher inhibition potential in DMSO. The lowest 

inhibition was observed with the biomarker bacoside A dissolved in ethanol 

(11.10±3.64). Even though two different solvents were used to assess the CYP 

inhibition, the results show little variation; this confirms that the solvent effect was 

minimized. Figure 12 represents the percentage inhibition of CYP450 by extract and 

bio-active compound, and comparison inhibitory effect with standard ketoconazole. 

This screening gives an idea about the interaction potential of B. monnieri with pooled 

rat liver microsomes.  
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Figure 12 Percentage inhibitions of B. monneri extract and bacoside A. Bars 
represent mean ± S.E.M. where n=3. a P<0.001 versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 
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12.8.7.2. Fluorogenic assay  
 

This assay was based on the ability of a drug to compete with the different 

fluorogenic substrate for different CYP isoforms. The probe substrates used in this 

assays were derivatives of coumarin or resorufin, which after dealkylation by CYP450 

generated fluorescent products. Percentage of inhibition was calculated based on 

fluorescence intensity of the metabolites. All the test samples showed concentration-

dependent inhibitory activity on CYP3A4 and CYP2D6. Respective positive controls 

for each isozyme were used to confirm the assay precision. Testing of the pure 

compound indicates whether the overall activity was explainable by tested compound 

or caused by other constituents in the extract.  

 
Table 5 IC50 ( g/ml) value of the B. monnieri and bacoside A on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 178.81 5.20 155.04 6.99 
Bacopa monnieri 

DMSO 143.23±2.61 116.47±4.27 

DMSO 297.10±1.33 257.47±3.91  
Bacoside A 

Ethanol 294.26 2.80 257.98 1.58 

Ketoconazole DMSO 8.31±1.24  

 Ethanol 8.10±0.99  

Quinidine DMSO  5.61±0.94 

 Ethanol  5.51±1.49 

 
12.8.7.2.1. CYP3A4 
 

B. monneri extract dissolved in ethanol showed highest IC50 value (IC50 > 0.17 mg/ml) 

against CYP3A4 among the entire test sample, consequently its interaction potential 

was least (Table 5) against CYP3A4 than CYP2D6. Marker compound showed IC50 
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value > 0.29 mg/ml. Figure 13A & 13B represent the concentration dependant 

inhibition effect of extracts and the bioactive compound against CYP3A4. For 

determination of IC50 value the various concentrations (400, 200, 100, 50, 25, 12.5, 

6.25 and 3.125 µg/ml) of the extract were taken. In these concentration ranges, 

extract showed sigmoid dose response inhibition against CYP3A4. Twofold dilution of 

marker compounds ranging from 800 - 6.5 µg/ml was used to get the IC50 value.  
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Figure 13A Percentage inhibitory 
effects of B. monnieri and 
ketoconazole on CYP3A4 

Figure13B Percentage inhibitory effects 
of bacoside A and ketoconazole on 
CYP3A4 

 
12.8.7.2.2. CYP2D6 
 
Inhibition potential of CYP2D6 by the B. monnieri extract and its major bioactive 

compound bacoside A has been represented in Figure 13C and 13D. Eight different 

concentrations of the extract, ranging from 300 - 2.34 µg/ml were taken for 

determination of IC50 value. Concentrations 800 - 6.5 µg/ml showed sigmoid dose 

response for the maker compound. DMSO soluble extract showed lower IC50 value 

than ethanol soluble extract. Bacoside A dissolved in both the solvent showed 

approximately similar interaction potential. 
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Figure 13D Percentage inhibitory 
effects of bacoside A and quinidine 
on CYP2D6 

 

Present study revealed that the selected medicinal plant extract and the pure 

compound have very less inhibition potential on CYP3A4 and CYP2D6; comparing to 

their positive inhibitors. Extract showed higher inhibition potential comparing to pure 

bacoside A. Further B. monneri extract and bacoside A showed highest interaction 

potential against   and lowest interaction potential against CYP3A4. CYP-CO complex 

assay showed quite similar result with fluorogenic assay. This higher CYP inhibition 

potential by the extract may be related to the synergistic effects due to the presence 

of other constituents in the extract (Mukherjee et al., 2011b). From these findings, it 

can be accomplished that the test extract and phytoconstituent have very less 

potential to interact with co-administered drug metabolism.  

 
12.8.8. HPTLC standardization of B. diffusa 
 

Hydro alcoholic extract of Boerhavia diffusa was supplied by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi for the study. Standard 

ursolic acid was gift sample from Arun Bandyopadhyay, Indian Institute of Chemical 

Biology (IICB), Kolkata.  
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Ursolic Acid 

Chromatography was performed on silica gel 60 F254 HPTLC plates (10 cm × 10 

cm). Plant extract and marker compounds were applied on HPTLC plate as wide 

bands of 8 mm, positioned 10 mm from the bottom of the 

plate, using automated TLC applicator Linomat V. The uphill 

development of the plate was carried out in a Camag twin 

trough chamber (10cm × 10 cm); which was pre-saturated 

with mobile phase for 30 min prior at room temperature (25 ± 

2 C). Mobile phase was optimized as Toluene : Ethylacetate : 

Formic acid ::7:3:0.2. After development, the plate was air dried and the spots were 

detected under UV lamp at 254 nm. Developed plate was scanned using Camag TLC 

Scanner 3. max was found to be 230 nm. Quantity of ursolic acid in B. diffusa extract 

was resolute by means of calibration curve of the standard.

HPTLC Chromatogram of ursolic acid has been represented in Figure 14A 

Chromatogram of B. diffusa has been represented in figure peaks (Figure 14B). 

Presence of ursolic acid in B. diffusa extract was confirmed by the corresponding Rf 

value of standard (Rf - 0.49). Developed plate was observed under UV light at 254nm. 

Calibration curve (Figure 14.C) was linear with a correlation coefficient (r) of 0.995, 

which indicated a good linear dependence of the peak area on concentration. The 

amount of andrographolide in the test extract was found to be 1.86 % (w/w).  
 

Figure 14A HPTLC chromatogram of 
ursolic acid 

Figure 14B HPTLC chromatogram of 
B. diffusa extract 
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Figure 14C HPTLC calibration curve of 
standard ursolic acid 

Figure 14D TLC plate of standard 
ursolic acid  and B. diffusa extract  

 
12.8.9. Effect of extract and marker compounds on pooled CYP P450 
 
Cytochrome P450�CO complex method was used to assess the preliminary 

inhibitory potential of B. diffusa extract and its major bioactive compound ursolic 

acid. Reduced CYP450-CO complex showed an absorption spectrum, which was 

different than that of the reduced CYP450. Concentration of CYP450 was 

determined using a formula that incorporates the change in absorbance at 450 

nm relative to 490 nm (Choi et al., 2003). The concentration of protein present in 

isolated microsomes was found to be 8.3 mg/ml. CYP450 concentration in the 

microsome was estimated to be 0.502 nmol/mg of protein. Concentration 

dependant percentage inhibitions of B. diffusa and ursolic acid have been 

represented in Figure 15. Extract dissolved in DMSO showed highest inhibition 

potential (66.24 ± 4.13) among the entire sample tested. It can be say that due 

to high dissolution of compounds in DMSO than the ethanol resulting higher 

inhibition potential in DMSO. Results indicated that extracts showed higher 

inhibition potential than bioactive compound. 

 

A = Ursolic acid 

B = B. diffusa extract

A    B 
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Figure 15 Percentage inhibitions of B diffusa extract and ursolic acid on pooled 
CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001, **P<.01 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
 

12.8.10. Inhibition potential of CYP3A4 and CYP2D6 
 
The in vitro effect of B. diffusa and its biomarker ursolic acid have been 

investigated for its effect on CYP450 isoforms such as CYP3A4 and CYP2D6. 

CYP inhibitory potential is a useful tool for screening of herbal medicines to 

justify herb-drug interaction (Pekthong et al., 2008; Winitthana et al., 2011). The 

experimental results revealed that the extracts dissolved in ethanol and DMSO 

showed a concentration dependent inhibition on all the isozymes. The inhibitory 

activity of the extracts dissolved in both the solvents showed good concentration 

dependent sigmoid dose response. However, to ensure the possible inhibition by 

the test substances, appropriate solvent controls were used in the study and the 

percentage inhibition was calculated described elsewhere. 
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Table 6 IC50 ( g/ml) value of the B diffusa and ursolic acid on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the 
mean ± S.E.M (n=3). 

 

Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 70.94±1.52 85.20±1.07 Boerhavia diffusa  

 DMSO 59.89±2.50 72.10±0.57 

DMSO 133.24±2.11 130.03±1.38 
Ursolic acid 

Ethanol 132.22± 3.05 130.61±1.70 

Quinidine Ethanol - 3.52±0.94 

 DMSO - 2.23±0.54 

Ketoconazole Ethanol 5.74±1.24 - 

 DMSO 4.54±0.70 - 

 
12.8.10.1. CYP3A4 
 
B. diffusa extract dissolved in DMSO showed lowest IC50 value (IC50 < 0.15 

mg/ml) against CYP3A4 among the entire test sample, consequently its 

interaction potential was highest against CYP3A4 (Table 6). Ursolic acid 

dissolved in both the solvent showed approximately similar interaction 

potential. Marker compound showed IC50 value > 0.1 mg/ml. Figure 16A & 16B 

represent the concentration dependant inhibition effect of extracts and the 

bioactive compound against CYP3A4.  
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12.8.10.2. CYP2D6 
 

Inhibition potential of CYP2D6 by the B. diffusa extract and its major bioactive 

compound ursolic acid has been represented in Figure 16C and 16D. DMSO soluble 

extract showed lower IC50 value than ethanol soluble extract (Table 6).  
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Figure 16D Percentage inhibitory 
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Percentage of inhibition was calculated based on fluorescence intensity of the 

metabolites. All the test samples showed concentration-dependent inhibitory activity 

on CYP3A4 and CYP2D6. Respective positive controls for each isozyme were used 
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to confirm the assay precision. Testing of the pure compound indicates whether the 

overall activity was explainable by tested compound or caused by other constituents 

in the extract. Present study revealed that the selected medicinal plant extract and 

the pure compound have very less inhibition potential on CYP3A4 and CYP2D6, 

comparing to their positive inhibitors. Extract showed higher inhibition potential 

comparing to pure ursolic acid. CYP-CO complex assay showed quite similar result 

with fluorogenic assay. This higher CYP inhibition potential by the extract may be 

related to the synergistic effects due to the presence of other constituents in the 

extract (Mukherjee et al., 2011b). From these findings, it can be accomplished that 

the test extract and phytoconstituent has very less potential to interact with co-

administered drug metabolism. In other word the selected medicinal plants and their 

bioactive components does not involved in interaction in other drug metabolism.  

12.8.11. Quantification of asiaticoside in C. asiatica extract through HPTLC 
 

Chromatography was performed on 10 x 20 cm aluminum backed silica gel 60 F254 

HPTLC plates. Sample were applied to the plates, as 6 mm bands, by spraying with 

Camag Linomat V applicator equipped with 100 µl syringe (Hamilton). Ascending 

development of the plate, migration distance of 80 

mm, was performed at 25±2º C. For the 

standardization of Centella asiatica extract, 

asiaticoside was used as a marker with a working 

standard (100 µg/mL). Chloroform, glacial acetic 

acid, methanol and water in the ratio of 60:32:12:8 

(v/v) was used as mobile phase in a Camag twin-

trough chamber previously saturated with mobile phase for 10 min. The average 

development time was 25 min. After the development the plate was sprayed with 

anisaldehyde sulphuric acid reagent and dried in a hot air over at 50º C for 2 min. 

Developed plate has been represented in Figure 17D. Densitometric scanning was 

then done at 420 nm with a Camag TLC scanner III equipped with WINCATS 

software, using deuterium light source; the slit dimension was set as 6.00 x 0.45 mm. 

      Asiaticoside 
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A series of standard solution equivalent to 100-1200 ng per spot of asiaticoside was 

applied to HPTLC plate. The plate was developed, and dried. The plate was sprayed 

with anisaldehyde-sulphuric acid reagent. After heating the plate for 10 mins in hot air 

oven, the plate was scanned as described above. A calibration plot was constructed 

by plotting peak area against amount of asiaticoside (ng per spot). Chromatogram of 

standard asiaticoside and C. asiatica plant extract has been represented in Figure 

17A and 17B respectively. Concentration of asiaticoside in the extract was calculated 

by constructing a calibration curve of standard (Figure 17C) and was found to be 3.2 

% (W/W). 
 

 

Figure 17A HPTLC chromatogram of 
standard Asiaticoside 

Figure 17B HPTLC chromatogram of 
hydro-alcoholic extract of C. asiatica 

 

 

            

 

           A = Asiaticoside  

           B= C. asiatica extract 

Figure 17C Calibration graph of 
Asiaticoside 

Figure 17D TLC plate of standard 
asiaticoside and C. asiatica extract 

A B
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12.8.12. Effect of extract, fractions and phytomarker on hepatic microsomal 
enzymes 
 

12.8.12.1. Cytochrome P450-CO Complex assay  
 

Cytochrome P450 inhibition study was performed using various concentrations of test 

solutions (1µl - 8µl). Among these concentrations, all the tests substances showed a 

reduction in cytochrome P450 concentration. Extract solubilized in DMSO and 

ethanol showed a concentration dependent inhibition of enzymes.  The percentage 

inhibition of C. asiatica extract and asiaticoside on rat liver microsomes has been 

represented in Figure 18. However, the marker asiaticoside showed less inhibition 

compared to the extract. From the study it was also observed that the DMSO 

solubilized extract showed more inhibition than ethanol soluble extract. Thus it is 

obvious that the solubility of the compound certainly have a major effect on the 

inhibition of CYP enzymes. Since the DMSO is considered as an industrial de facto 

solvent, it ensures the complete solubility of the phytoingredients. 
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Figure 18 Percentage inhibitions of C. asiatica extract and asiaticoside on 
pooled CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
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12.8.12.2. Fluorometric assay 
 
Centella asiatica extract and its bio-active compound asiaticoside were assayed 

between concentrations ranging from 200 to 1.56µg/ml. Doses selected based on the 

Ganzera et al, 2006 showed good linearity of dose dependant percentage inhibition. 

Assay was run in endpoint mode in which plate is incubated for the desired reaction 

time. Testing the asiaticoside should indicate whether the overall activity was 

explainable by tested compounds or caused by other constituents present in the 

extract. Positive controls were used to confirm the assays precision. All samples were 

assayed in triplicate, and from the results obtained IC50, standard deviation were 

determined (Tables 7). IC50 values for positive controls were in good agreement to 

literature values.  

 

Table 7 IC50 ( g/ml) value of the C. asiatica and asiaticoside on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

IC50 value (µg/ml) 

Test extract 

 

Solvent used CYP 3A4 CYP 2D6 

Ethanol 127.39±2.05 143.27±1.81 Centella asiatica

DMSO 112.79±1.59 121.27±2.01 

Ethanol 151.11±2.22 158.89±1.59 Asiaticoside 

DMSO 149.32±1.09 157.01±0.37 

Ethanol -- 3.06±0.80 Quinidine 

DMSO -- 2.81±0.72 

Ethanol 6.76±0.91 -- Ketoconazole 

DMSO 5.74±1.41 -- 
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12.8.12.2.1. CYP3A4 
 

Concentration dependant percentage inhibitions of the test substances dissolved in 

ethanol and DMSO on CYP3A4 has been depicted in Figure 19A and 19B 
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Figure 19A Percentage inhibitory effects 
C. asiatica and ketoconazole on CYP3A4

Figure 19B Percentage inhibitory 
effects of asiaticoside and 
ketoconazole on CYP3A4  

 

12.8.12.2.2. CYP2D6 
 

C. asiatica extract dissolved in ethanol showed the highest IC50 value against the 

CYP2D6. Concentration dependant percentage inhibitions of the test substances 

dissolved in ethanol and DMSO on CYP3A4 has been depicted in Figure 19C and 

19D 
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Figure 19C Inhibitory potential of of C
asiaticoside and quinidine on CYP2D6 

Figure 19D Inhibitory potential of of 
asiaticoside and quinidine on 
CYP2D6  
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Results indicated that interaction between CYP450 and test extract is more 

comparing with its marker compound. The entire samples showed significantly less in 

inhibition value i.e. more IC50 value than their positive inhibitor studied. As the C.

asiatica extract showed a comparably higher IC50 value as this activity might be 

related to synergistic effects or the presence of unknown, minor constituents in the 

present extract which may compete for the active site for the inhibition. Asiaticoside 

indicated a good inhibition activity against CYP3A4, yet their IC50 values seemed 

lower compared to the positive control ketoconazole. 

12.8.13. HPTLC standardization of C. quadrangularis extract 
 

Hydro alcoholic extract of C. quadrangularis was supplied by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi for the study. Standard 

-amyrin was isolated using colum chromatography at School 

of Natural Product Studies, Jadavpur University, Kolkata, India. 

Chromatography was performed on silica gel 60 F254 HPTLC 

plates (10 cm × 10 cm). Plant extract and marker compound 

were applied on HPTLC plate as wide bands of 8 mm, 

positioned 10 mm from the bottom of the plate, using automated TLC applicator 

Linomat V. The uphill development of the plate was carried out in a Camag twin 

trough chamber (10cm × 10 cm); which was pre-saturated with mobile phase for 30 

min prior at room temperature (25 ± 2 C). Mobile phase was optimized as 

hexane:ethyl acetate (6:1). After development, the plate was air dried and the spots 

were detected under UV lamp at 254 nm. Developed plate was scanned using 

Camag TLC Scanner 3. max was was found to be 230 nm. Quantity of -amyrine in 

C. quadrangularis extract was resolute by means of calibration curve of the standard.  

HPTLC Chromatogram of -amyrine has been represented in Figure 20A. 

Chromatogram of C. quadrangularis has been represented in figure 20B. Presence of 

-amyrine in C. quadrangularis extract was confirmed by the corresponding Rf value 

-amyrine 
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of standard (Rf - 0.12). Developed plate was observed under UV light at 254nm 

(Figure 20D). Calibration curve (Figure 20C) was linear with a correlation coefficient 

(r) of 0.9954, which indicated a good linear dependence of the peak area on 

concentration. The amount of standard in the test extract was found to be 1.22 % 

(w/w).  
 

 
 

Figure 20A HPTLC chromatogram of 
standard -amyrine 

Figure 20B HPTLC chromatogram of 
hydro-alcoholic extract of C. 
quadrangularis

  
            

Figure 20C Calibration graph of standard 
-amyrine 

Figure 20D TLC plate of standard 
asiaticoside and C. asiatica extract 

 

A B

A = -amyrine 
B= C. quadrangularis 
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12.8.14. Effect of extract and marker compounds on pooled CYP P450 
 

Cytochrome P450�CO complex method was used to assess the preliminary inhibitory 

potential of C. quadrangularis extract and its major bioactive compound -amyrine. 

Reduced CYP450-CO complex showed an absorption spectrum, which was different 

than that of the reduced CYP450. Concentration of CYP450 was determined using a 

formula that incorporates the change in absorbance at 450 nm relative to 490 nm 

(Choi et al., 2003). The concentration of protein present in isolated microsomes was 

found to be 8.42 mg/ml. CYP450 concentration in the microsome was estimated to be 

0.522 nmol/mg of protein. Percentage inhibition of the test substances compared to 

the positive control has been depicted in Figure 21. Extract dissolved in DMSO 

showed highest inhibition potential (44.24 ± 4.13) among the entire sample tested. It 

can be say that due to high dissolution of compounds in DMSO than the ethanol 

resulting higher inhibition potential in DMSO. Results indicated that extracts showed 

higher inhibition potential than bioactive compound. 
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Figure 21 Percentage inhibitions of C. quadrangularis extract and -amyrine on 
pooled CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001, *P<0.05 
versus positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
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12.8.15. Inhibition potential on CYP isozymes 
 

The in vitro effect of C. quadrangularis and its biomarker -amyrine has been 

investigated for its effect on CYP450 isoforms such as CYP3A4 and CYP2D6. CYP 

inhibitory potential is a useful tool for screening of herbal medicines to justify herb-

drug interaction (Pekthong et al., 2008; Winitthana et al., 2011). The experimental 

results revealed that the extracts dissolved in ethanol and DMSO showed a 

concentration dependent inhibition on all the isozymes. The obtained IC50 value has 

been represented in Table 8. The inhibitory activity of the extracts dissolved in both 

the solvents showed good concentration dependent sigmoid dose response. 

However, to ensure the possible inhibition by the test substances, appropriate solvent 

controls were used in the study and the percentage inhibition was calculated 

described elsewhere. 

 

Table 8 IC50 ( g/ml) value of the C. quadrangularis and -amyrine on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the mean 
± S.E.M (n=3). 
 

Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 40.25±1.55 28.22±1.01 Cissus quadrangularis 

 DMSO 27.11±1.29 23.15±0.72 

DMSO 58.26±2.31 42.11±1.12 
-amyrine 

Ethanol 58.22±1.05 41.29±0.94 

Quinidine Ethanol - 3.52±0.94 

 DMSO - 2.23±0.54 

Ketoconazole Ethanol 5.74±1.24 - 

 DMSO 4.54±0.70 - 

 
12.8.15.1. CYP3A4 
 

Inhibition potential of CYP3A4 by the C. quadrangularis extract and its major 

bioactive compound -amyrine has been represented in Figure 22A and 22.B -
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amyrine dissolved in both the solvent showed approximately similar interaction 

potential.  
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Figure 22A Percentage inhibitory effects 
C. quadrangularis and ketoconazole on 
CYP3A4 

Figure 22B Percentage inhibitory 
effects of -amyrine and ketoconazole 
on CYP3A4 

 

12.8.15.2. CYP2D6 
 

C. quadrangularis extract dissolved in DMSO showed lowest IC50 value against 

CYP2D6 among the entire test sample, consequently its interaction potential was 

highest against CYP2D6 (Table 8) than CYP3A4. DMSO soluble extract showed 

lower IC50 value than ethanol soluble extract.  
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Figure 22C Percentage inhibitory effects 
of C. quadrangularis and quinidine on 
CYP2D6 

Figure 22D Percentage inhibitory 
effects of -amyrine and quinidine on 
CYP2D6 
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Gallic Acid

Percentage of inhibition was calculated based on fluorescence intensity of the 

metabolites. All the test samples showed concentration-dependent sigmoid inhibitory 

activity on CYP3A4 and CYP2D6. Respective positive controls for each isozyme were 

used to confirm the assay precision. Testing of the pure compound indicates whether 

the overall activity was explainable by tested compound or caused by other 

constituents in the extract. Present study revealed that C. quadrangularis extract and 

-amyrine have very less inhibition potential on CYP3A4 and CYP2D6, comparing to 

their positive inhibitors. Extract showed higher inhibition potential comparing to pure 

ursolic acid. Further, extract and -amyrine showed higher interaction potential 

against CYP2D6 than CYP3A4. CYP-CO complex assay showed quite similar result 

with fluorogenic assay. This higher CYP inhibition potential by the extract may be 

related to the synergistic effects due to the presence of other constituents in the 

extract (Mukherjee et al., 2011b). From these findings, it can be accomplished that 

the test extract and phytoconstituent have very less potential to interact with co-

administered drug metabolism. In other word the selected medicinal plants and their 

bioactive components does not involved in interaction in other drug metabolism.  
 

12.8.16. HPTLC standardization of Emblica officinalis extract 
 

Aqueous extract of Emblica officinale fruit was provided by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi used for the study. 

Standard gallic acid was purchased from Sigma-Aldrich, 

(Germany). Chromatography was performed on 10 x 20 cm 

aluminum backed silica gel 60F254 HPTLC plates. Samples were 

applied to the plates, as 6 mm band, using Camag Linomat V 

applicator equipped with 100 µl syringe (Hamilton). Ascending 

development of the plate, migration distance of 80 mm, was 

performed at 25±2º C. Toluene: Ethyl acetate: Formic acid (10:10:3) (v/v) was used 

as mobile phase in a Camag twin-trough chamber previously saturated with mobile 

phase for 20 min. The selected mobile phase resolved the marker compound GA 
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efficiently from other components. The compound with the Rf value 0.43 was 

identified as gallic acid. The average development time was 25 min. After the 

development, the plate was air dried. Densitometric scanning was then done at 254 

nm with a Camag TLC scanner III equipped with WINCATS software, using deuterium 

light source; the slit dimension was set as 6.00 x 0.45 mm. The quantitative 

determination was performed using the external calibration method. A series of 

standard solution equivalent to 2-14 g per spot of GA was applied to TLC plate. The 

plate was developed, dried and scanned as described above. A calibration plot was 

constructed by plotting peak area against amount of gallic acid (ng per spot).  
 

 

Figure 23A HPTLC 
chromatogram of standard gallic 
acid 

Figure 23B HPTLC chromatogram of 
aqueous extract of E. officinalis  

             
 

Figure 23C Calibration graph of 
gallic acid  

Figure 23D TLC plate of the standard 
gallic acid and E. officinalis extract 

 

A B

A = Gallic acid 

B = E. officinalis extract
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The TLC plate of E. officinalis extract along with its marker gallic acid is 

presented in Figure 23D. The calibration plot (Figure 23C) data showed a 

good linear relationship over a concentration range of 2-14 g per spot, with 

the correlation co-efficient of 0.99965, was indicative of good linear 

dependence of peak area of concentration with a correlation co-efficient of 

0.999. 

Figure 23A & 23Brepresent the HPTLC chromatogram of gallic acid and E.

officinalis extract. The gallic acid content of the E. officinalis extract was 

determined from the calibration curve and the quantification of gallic acid 

present in E. officinalis extract was found to be 1.76 % (w/w). 

 
12.8.17. CYP450- CO complex assay (inhibition studies) 
 
The concentration of protein was estimated using modified biuret method 

and it was found to be 8.5mg/ml.  The P450 concentration of the diluted 

microsomes sample was calculated to be about 0.417 nmol/mg protein. In 

vitro study results showed that, among the extract and fraction of Emblica

officinalis, DMSO solubilized extract showed higher inhibition (17.12 ± 2.48) 

compared to ethanol soluble extract (10.22 ± 1.56). The percentage 

inhibition of E. officinalis extracts and gallic acid maker on rat liver 

microsomes has been shown in Figure 24. From the study it was observed 

that the DMSO solubilized extract showed highest inhibition, this may be 

due to the complete solubilization of the extract. DMSO is considered as 

industrial de facto solvent, which completely solubilized the aqueous 

extract. Further, the predominant polyphenol present in E. officinalis i.e. 

gallic acid effect on cytochrome concentration and inhibition effect was 

evaluated. It also showed an inhibitory effect is very less on rat liver 

microsomes.  The effect of DMSO solubilized extract was calculated after 

neutralizing the solvent effect by using a separate solvent control column in 
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the microplate. From these findings, it was understood that the solubility and 

polarity of the phytoingredients play a major role in CYP enzyme inhibition. 
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Figure 24 Percentage inhibitions of E. officinale extract and gallic acid 
on pooled CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001 
versus positive inhibitor ketoconazole. One-way analysis of variance 
(ANOVA) followed by Dunnett's multiple comparison Test. 
 
12.8.18. Fluorometric assay 
 
The in vitro effect of the E. officinalis extract dissolved in ethanol and 

DMSO, its bioactive marker compound gallic acid on the activities of major 

CYP isozymes such as CYP3A4 and 2D6 was investigated. Various 

concentration ranges from 200 to 1.56 µg/mL of extracts and gallic acid 

were evaluated. The test extract and marker compound showed a 

concentration dependent inhibition of isozymes. However, the solvent effect 

on isoforms was controlled by solvent control well and the percentage 

inhibitions were calculated as described elsewhere.  
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Table 9 IC50 ( g/ml) value of the C. quadrangularis and -amyrine on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the mean 
± S.E.M (n=3). 
 

Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 152.11±2.18 109.96±2.74 Emblica officinalis 

DMSO 136.05±2.14 103.26±1.69 

Ethanol 168.24±2.11 152.03±1.38 Gallic acid 

 DMSO 164.04± 3.05 151.61±1.70 

Quinidine Ethanol - 3.52±0.94 

 DMSO - 2.23±0.54 

Ketoconazole Ethanol 5.74±1.24 - 

 DMSO 4.54±0.70 - 

 

12.8.18.1. CYP3A4 
 

Concentration dependent inhibition exhibited by the E. officinalis and gallic acid on 

CYP3A4 has been represented in Figure 25A and 25B. It should be emphasized that 

the inhibitory effects elicited by both the extracts and marker compounds dissolved in 

ethanol and DMSO showed concentration dependent. 
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Figure 25A Percentage inhibitory effects 
of E. officinale and Ketoconazole on 
CYP3A4 

Figure 25B Percentage inhibitory 
effects of gallic acid and 
Ketoconazole on CYP3A4 
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12.8.18.2. CYP2D6 
 

Concentration dependent inhibition potential of extract and the marker on CYP2D6 

has been represented in Figure 25C and 25D. The concentration ranges selected for 

the study showed a good sigmoid concentration dependant percentage inhibition on 

study isozymes. 
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Figure 25C Percentage inhibitory effects 
of E. officinale and quinidine on CYP2D6 

Figure 25D Percentage inhibitory 
effects of gallic acid and quinidine 
on CYP2D6 

 

All the samples were assayed in triplicate, and the obtained IC50 value along with 

standard error of mean are represented in Table 9. The in vitro study results revealed 

that the test substances produced only minor inhibition of CYP3A4 and 2D6 isoforms. 

From the study, it was revealed that E. officinalis extract dissolved in ethanol showed 

an IC50 value of 152.11±2.18 µg/ml and 109.96±2.74 µg/ml on CYP3A4 and CYP2D6 

isoforms respectively. Similarly, the extract dissolved in DMSO showed the IC50 value 

of 136.05±2.14 and 103.26±1.69 µg/ml respectively. However, the bioactive marker 

compound gallic acid showed the higher IC50 value on both the isoforms, compared 

with its extract. This may be due to synergistic combination offered by the extract and 

the number of phytoconstituents present in the extract may compete with each other 

to bind with enzyme which produced the minor inhibition. However, the positive 

control quinidine (for CYP3A4) and ketoconazole (for CYP2D6) showed a very less 

IC50 value, which is in accordance with the results reported elsewhere.
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Glycyrrhizin  

12.8.19. Standardization of the G. glabra extract through HPTLC densitometry 
 
Hydro alcoholic extract of root of Glycyrrhiza glabra was provided by Central Council 

for Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi used for the study. 98% 

pure standard glycyrrhizin was purchased from 

sigma Aldrich, Germany was used for the study. 

20 mg of G. glabra extract was weighed 

accurately and dissolved in 10 ml methanol. For 

standard glycyrrhizin, 1mg was dissolved in 10 ml 

volumetric flask with methanol to get the final 

concentration 0.01 mg/ml. 5 standard spots and 

two test sample spots were applied on Pre-

coated aluminium backed silica gel plates (Silica Gel 60 F254) with the help of TLC 

applicator (Linomat 5, Camag). The spots were applied 10 mm above with a band 

width of 6 mm and distance between tracks was12 mm. Mobile phase composition 

was optimized to chloroform: methanol: water::65: 36: 7.5. The TLC plate was 

developed in a twin trough developing chamber (Camag) which was saturated (30 

minutes) prior to development of the plate and was run up to 8 cm. The spots were 

detected in the TLC plate by viewing at 254 nm. The plate was scanned (HPTLC 

Scanner 3, Camag, Muttenz, Switzerland) at 254 nm to quantify the amount of 

glycyrrhizin present in sample. With the help of area under curve of five standard 

spots, a calibration curve was prepared. Using the calibration curve, the quantity of 

glycyrrhizin in the extract was determined.  

 

Chromatogram of standard glycyrrhizin has been represented in Figure 26A. G. 

glabra extract chromatogram (Figure 26B) showed eleven peaks in optimized solvent 

system. Presence of glycyrrhizin in the plant extract was confirmed by the 

corresponding Rf value of the marker (Rf = 0.58). After solvent development, the plate 

was observed under UV light (Figure 26D). Spot of glycyrrhizin in the plant extract 



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

51

was match with the marker spot. The Area under the curve and the amount of 

glycyrrhizin per spot was plotted and found to be directly proportional and showed 

good linearity in the range of 0.96 µg - 4.80 µg per spot. Linearity of the calibration 

was confirmed with a correlation coefficient r = 0.999 and sdv = 2.52 %. Calibration 

curve of glycyrrhizin has been shown in Figure 26C. The amount of glycyrrhizin 

present in the plant extract was calculated by comparing the area under curve of 

glycyrrhizin in sample with that of calibration curve and was found to be 3.6 % (w/w). 

 

  
Figure 26A HPTLC chromatogram of 
standard glycyrrhizin 

Figure 26B HPTLC chromatogram of 
G. glabra extract 
 

 
 

 

Figure 26C HPTLC calibration curve of 
standard glycyrrhizin 

Figure 26D TLC plate of standard 
glycyrrhizin and G. glabra extract 

 

A = Glycyrrhizin 

B = G. glabra extract
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12.8.20. Herb-drug interaction study of G. glabra extract  
 

12.8.20.1. CYP450-CO complex assay 
 

Concentration of protein in isolated rat liver microsome was found to be 8.5 mg/ml. 

The concentration of CYP450 in diluted microsome sample was 0.465 nmol/mg 

protein. CYP450�CO complex method was performed to screen the preliminary 

interaction potential of G. glabra. The reduced CYP450-CO complex showed a 

characteristic absorption spectrum, which was different than that of the CYP450. The 

CYP450 concentration was determined using a formula that incorporates the change 

in absorbance at 450 nm relative to 490 nm, with the mille molar difference of 

extinction coefficient 91 (Choi et al., 2003). G .glabra extract dissolved in DMSO 

showed higher percentage of inhibition may be due to the higher solubility of extract 

in DMSO than ethanol. The lowest inhibition was observed with the bio-marker 

glycyrrhizin (12.26 ± 1.94). Figure 27 represents the percentage inhibition of CYP450 

by extract and bio-active marker, and standard ketoconazole. This screening gave an 

idea about the interaction potential of G. glabra with pooled CYP450.  
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Figure 27 Percentage inhibitions of G. glabra extract and glycyrrhizin. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001 versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 
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12.8.20.2. Fluorescence inhibition assay 
 

CYP inhibitory potential by plants and the pure compound are potentially useful tools 

for screening of herbal medicines with respect to their herb-drug interaction 

(Pekthong et al., 2008; Winitthana et al., 2011).  In the present investigation in vitro 

inhibitory effect of CYP3A4 and CYP2D6 has been evaluated by G. glabra extract

along with its bioactive compound glycyrrhizin. Through this study, an approach has 

been made to evaluate the interaction potential of G. glabra with conventional 

pharmaceuticals using fluorescence screening. Binding sites of active constituents 

from G. glabra within the isozymes are not known. The inhibitory activity of the test 

extract dissolved in DMSO and ethanol showed good concentration dependent 

inhibitory activity. However, to ensure the possible inhibition by the test substances, 

appropriate solvent controls were used in the study and the percentage inhibition was 

calculated described elsewhere. The assay was performed in triplicate, and the IC50 

were calculated (Table 10). Positive controls were used to confirm the assays 

precision. Through this study an approach was made to evaluate the interaction 

potential of G. glabra with conventional pharmaceuticals using fluorescence 

screening. 
 

Table 10 IC50 ( g/ml) value of the G. glabra and glycyrrhizin on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

Test sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 140.95±4.80 132.49±1.07 Glycyrrhiza glabra 

DMSO 129.47±2.41 125.16±0.88 

Ethanol 174.62±2.30 156.25±3.48 Glycyrrhizin 

DMSO 172.33±1.92 153.38±1.98 

Ketoconazole Ethanol 5.74±1.24 - 

 DMSO 5.55±1.91 - 

Quinidine Ethanol - 3.52±0.94 

 DMSO - 3.05±1.47 
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12.8.20.2.1. CYP3A4 
 

DMSO soluble extract showed lower IC50 value, hence interaction potential is higher 

than ethanol soluble extract against CYP3A4 (Table 10). IC50 value of Glycyrrhizin 

dissolved in DMSO and ethanol was found to be approximately similar. Concentration 

dependant inhibitory effects of marker and extract on CYP3A4 have been 

represented in Figure 28A and 28B. For determination of IC50 value of the extract the 

eight different concentrations (400, 200, 100, 50, 25, 12.5, 6.25 and 3.125 µg/ml) was 

taken. Glycyrhizin showed sigmoid inhibition response with the concentration of 800, 

400, 200, 100, 50, 25, 12.5 and 6.5 µg/ml against CYP3A4. 
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Figure 28A Percentage inhibitory 
effects of G. glabra and ketoconazole 
on CYP3A4 

Figure 28B Percentage inhibitory 
effects of, glycyrrhizin and 
ketoconazole on CYP3A4 

 
12.8.20.2.2. CYP2D6 
 

Concentration dependant Inhibition potential of CYP2D6 by the G. glabra extract and 

its major bioactive compound glycyrrhizin has been represented in Figure 28C and 

28D. Eight different concentrations of the extract, ranging from 300 - 2.34 µg/ml have 

been taken for determination of IC50 value. Maker concentration ranging from 800 - 

6.5 µg/ml showed sigmoid dose response. G. glabra dissolved in DMSO showed 

lower IC50 value than ethanol soluble extract. Inhibition potential of pure compound 

was lesser than the extract (Table 10).  
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Figure 28C Percentage inhibitory effects 
of G. glabra and quinidine on CYP2D6 

Figure 28D Percentage inhibitory 
effects of glycyrrhizin and quinidine 
on CYP2D6 

 

Standardization of Ayurvedic medicines with corresponding bioactive compounds and 

their inhibitory effect on CYP450 have been reported extensively (Ponnusankar et al., 

2011a, 2011b; Pandit et al., 2011a, 2011b). Present investigation is in harmony with 

those reports to evaluate the herb-drug interaction of G. glabra used as food as well 

as medicine in Indian systems of medicine.  

 

The present study showed that the test compound has very less potential to inhibit 

the CYP enzymes. Organic solvents like DMSO and ethanol strongly affects the 

metabolism at 5% concentration level. Although, DMSO can inhibit several P450s 

(2C19, 3A4, 2E1, and 2C8/9), whereas ethanol represents better alternatives at a 

relatively low level (Easterbrook et al., 2001). All solvents concentration were kept 

below <2% (Ponnusankar et al. 2010b).  Appropriate solvent controls were used to 

assess the inhibitory potentials. And it was observed that the DMSO and ethanol 

showed no effect on the spectral absorption.  

 

The results of fluorescence study are very much similar with CYP-CO method results. 

Both the experiment confirmed the interaction potential between G. glabra and its 

major bioactive compound glycyrrhizin with cytochrome P450. The plant extract and 
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its phytomarker were less likely to produce clinically significant drug interaction. The 

results indicated that extract has more interaction with drug modulating enzyme than 

its individual bioactive compound. The efficacy of crude extract may be due to the 

synergism between the different active constituents or other minor constituents 

present therein.  

12.8.21. HPTLC standardization of P. longum extract  
 

Hydro alcoholic extract of Piper longum fruit was provided by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, 

Chromatography was performed on 10 x 20 cm 

aluminum backed silica gel 60F254 HPTLC plates. 

Samples were applied to the plates, as 6 mm bands, 

using Camag Linomat V applicator equipped with 100 µl 

syringe (Hamilton). Ascending development of the plate, 

migration distance of 80 mm, was performed at 25±2º C. Toluene: Ethyl acetate (7:3) 

(v/v) was used as mobile phase in a Camag twin-trough chamber previously 

saturated with mobile phase for 20 min. The average development time was 25 min. 

After the development, the plate was air dried for 2 min. Densitometric scanning was 

then done at 343 nm with a Camag TLC scanner III equipped with WINCATS 

software, using deuterium light source; the slit dimension was set as 6.00 x 0.45 mm.  

The selected mobile phase resolved the marker compound piperine efficiently from P. 

longum extract. The TLC plate of P. longum extract along with its marker piperine is 

presented in Figure 29D. The calibration plot (Figure 29C) data showed a good linear 

relationship over a concentration range of 200�1000 ng per spot, with the correlation 

co-efficient of 0.99533, was indicative of good linear dependence of peak area of 

concentration. Figure 29A and 29B represent the HPTLC chromatogram of piperine 

and p. longum extract. The piperine content of the P. longum extract was determined 

      Piperine  
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from the calibration curve. The quantification of piperine present in P. longum extract 

was found to be 0.67 % w/w with respect to its respective extract.  

 

  
Figure 29A HPTLC chromatogram 
standard piperine 
 

Figure 29B HPTLC chromatogram of 
hydro alcoholic extract of P. longum 

 
  A      B            

Figure 29C TLC plate of standard 
piperine and P. longum extract 

Figure 29D Calibration graph of 
piperine 

 

12.8.22. Effect of extract and phytomarker on hepatic microsomal enzymes 
 

In vitro study showed that, among the extract and fraction of Piper longum, DMSO 

solubilized extract showed the highest inhibition. The percentage inhibition of P.

longum extracts, its fraction and maker piperine on rat liver microsomes were shown 

A = Piperine 

B = Piper longum extract 
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in Figure 30. The active marker compound piperine showed very less inhibition 

compared with extracts. Since the DMSO is considered as an industrial de facto 

solvent, it ensures the complete solubility of the phytoingredients, which would have 

provided the maximum possible inhibition of CYP enzymes by the extract. However, 

the effect of DMSO solubilized extract was calculated after neutralizing the solvent 

effect by using the separate solvent control column in the microplate. 
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Figure 30 Percentage inhibitions of P. longum extract and piperin. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001, **P<0.01, *P<0.05 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
 

12.8.23. Fluorometric assay 
 

The fruits extract of Piper longum dissolved in ethanol and DMSO showed cytochrome 

inhibitory activity. In this study, we also tested Piperine, which is a major constituent of 

pepper. Piperine dissolved in ethanol and DMSO also exhibited inhibited activity. 

Concentrations of P. longum and piperine used in fluorometric screening were ranging from 

200 to 1.56µg/ml. The assay was performed in triplicate, and from the results mean IC50 -

values were calculated and standard deviation were determined (Tables 11). Positive 

controls were used to confirm the assays precision. IC50 values for positive controls were in 

good agreement to literature values. In this endpoint assay mode the plates were incubated 

for the desired reaction time describe elsewhere.  
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Table 11 IC50 ( g/ml) value of the P. longum and piperin on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

IC50 value (µg/ml)  
Test extract 

 
Solvent used CYP 3A4 CYP 2D6 

Ethanol 35.07±1.55 25.22±1.01 Piper longum 

DMSO 22.62±1.29 19.10±0.72 

Ethanol 55.73±2.31 32.05±1.12 Piperine 

DMSO 51.30±1.05 31.29±0.94 

Ethanol -- 3.06±0.80 Quinidine 

DMSO -- 2.81±0.72 

Ethanol 6.76±0.91 -- Ketoconazole 

DMSO 5.74±1.41 -- 
 

12.8.23.1. CYP3A4 
 

Extracts and marker compound dissolved in ethanol and DMSO showed good 

sigmoid of dose dependant percentage inhibition against CYP3A4 (Figure 31A & 

31B). Highest IC50 value was obtained with P. longum extract dissolved in ethanol 

against CYP3A4. 
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Figure 31A Percentage inhibitory effects 
P. longum  and ketoconazole on 
CYP3A4 

Figure 31B Percentage inhibitory 
effects of piperin and ketoconazole 
on CYP3A4 
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12.8.23.2. CYP2D6 
 

Concentration dependant percentage inhibitions of both of the isozymes with the 

test are depicted in Figure 31C & 31D. P. longum extract dissolved in DMSO 

showed the lowest IC50 value with CYP2D6. Like the extract, piperine, the active 

marker compound showed the lowest IC50 value with CYP2D6 isozymes. Hence 

it has greater inhibition potential. 
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Figure 31C Percentage inhibitory 
effects of P. longum and quinidine on 
CYP2D6 

Figure 31D Percentage inhibitory 
effects of piperin and quinidine on 
CYP2D6 

 

Piperine was taken to confirm whether the overall activity of cytochrome 

interaction occurs by the pure compounds or other constituents present in the 

extract. It was indicated that interaction potential with the extract is higher than 

the pure compound due to the other compounds present in the extract. The 

detailed mechanism of inhibition of isoforms by P. longum and piperine is not 

known to us. The entire samples showed significantly very less inhibition i.e. 

high IC50 value compare to known inhibitor studied. As the P. longum extract 

showed a comparably higher IC50 value as this activity might be related to 

synergistic effects or the presence of unknown, minor constituents in the plant 

extract.  
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Picroside-I 

12.8.24. HPTLC standardization of Picrorhiza kurroa 

Hydroalcoholic extract of root of Picrorhiza kurroa has been supplied by Central 

Council for Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, 

Ministry of Health and Family Welfare, Government of India, New Delhi used for the 

study. Picroside �I was a gift sample from Dr. B. C. 

Pal, Scientist, Indian Institute of Chemical biology, 

Kolkata, India. Chromatogram of standard 

Picroside-I has been represented in Figure 32A. 

Chromatogram of P. kurroa extract in optimized 

solvent system has been represented in Figure 32B. 

Presence of standard in the plant extract was confirmed by the corresponding Rf 

value of the marker (Rf = 0. 32). After solvent development, the plate was observed 

under UV light (Figure 32D). Spot of glycyrrhizin in the plant extract was match with 

the marker spot. The Area under the curve and the amount of Picroside-I per spot 

was plotted and found to be directly proportional and showed good linearity in the 

range of 100-500 ng/spot. Linearity of the calibration was confirmed with a correlation 

coefficient r = 0.999. Calibration curve of glycyrrhizin has been shown in Figure 32C. 

The amount of Picroside - I present in the plant extract was calculated by comparing 

the area under curve of standard in sample with that of calibration curve and was 

found to be 0.98 % (w/w).  

 
Figure 32A HPTLC chromatogram 
standard Picroside-I 

Figure 32B HPTLC chromatogram of 
hydro alcoholic extract of P. kurroa  
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  A        B          

Figure 32C Calibration graph of 
picroside-I  

Figure 13D TLC plate of standard 
Picroside - I and P. kurroa extract 

 
12.8.25. CYP-CO complex assay 
          
Concentration of protein in isolated rat liver microsome was found to be 8.5 mg/ml. 

The concentration of CYP450 in diluted microsome sample was 0.465 nmol/mg 

protein. CYP450�CO complex method was performed to screen the preliminary 

interaction potential of P. kurroa and Picroside - I. The reduced CYP450-CO complex 

showed a characteristic absorption spectrum, which was different than that of the 

CYP450. The CYP450 concentration was determined using a formula that 

incorporates the change in absorbance at 450 nm relative to 490 nm, with the mille 

molar difference of extinction coefficient 91 (Choi et al., 2003). Extract prepared in 

ethanol and DMSO solution (1µl - 100µl) showed a concentration dependent inhibition 

of CYP450. Among these concentrations, the test substances up to 100µl showed 

linear reduction in cytochrome concentration. P. kurroa extract dissolved in DMSO 

showed higher percentage of inhibition may be due to the higher solubility of extract 

in DMSO than ethanol. The lowest inhibition was observed with the Picroside - I. 

Figure 33 represents the percentage inhibition of CYP450 by extract and bio-active 

marker, and standard ketoconazole. This screening gave an idea about the 

interaction potential of P. kurroa with pooled CYP450.  

A = Picroside I 
B = P. kurroa extract 
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Figure 33 Percentage inhibitions of P. kurroa extract and Picroside - I. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001 versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 
 

12.8.26. Fluorescence inhibition assay 
 

CYP inhibitory potential by plants and the pure compound are potentially useful tools 

for screening of herbal medicines with respect to their herb-drug interaction 

(Pekthong et al., 2008; Winitthana et al., 2011).  In the present investigation in vitro 

inhibitory effect of CYP3A4 and CYP2D6 have been evaluated by P. kurroa extract

along with its bioactive compound Picroside - I. Through this study, an approach has 

been made to evaluate the interaction potential of P. kurroa with conventional 

pharmaceuticals using fluorescence screening. Binding sites of active constituents 

from P. kurroa within the isozymes are not known. The inhibitory activity of the test 

extract dissolved in DMSO and ethanol showed good concentration dependent 

inhibitory activity. However, to ensure the possible inhibition by the test substances, 

appropriate solvent controls were used in the study and the percentage inhibition was 

calculated described elsewhere. The assay was performed in triplicate, and the IC50 

were calculated (Table 12). Positive controls were used to confirm the assays 

precision. Through this study an approach was made to evaluate the interaction 

potential of P. kurroa with conventional pharmaceuticals using fluorescence 

screening. 
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Table 12 IC50 ( g/ml) value of the P. kurroa and Picroside - I on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

Test sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 60.55±1.30 48.97±0.91 Picrorhiza kurroa 

DMSO 50.49±1.57 35.06±1.64 

Ethanol 77.96±2.01 86.50±1.05 Picroside - I 

DMSO 74.79±1.69 84.34±2.05 

Ketoconazole Ethanol 5.74±1.24 - 

 DMSO 5.55±1.91 - 

Quinidine Ethanol - 3.52±0.94 

 DMSO - 3.05±1.47 

 
12.8.26.1. CYP3A4 
 

Ethanol soluble extract showed highest IC50 value, hence interaction potential is 

lowest than the entire test against CYP3A4 (Table 12). Concentration dependant 

inhibitory effects of marker and extract on CYP3A4 have been represented in Figure 

34A and 34B. 
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Figure 34A Percentage inhibitory effects 
of P. kurroa and ketoconazole on 
CYP3A4 

Figure 34B Percentage inhibitory 
effects of Picroside-I and 
ketoconazole on CYP3A4 
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12.8.26.2. CYP2D6 
 

Concentration dependant Inhibition potential of CYP2D6 by the P. kurroa extract and 

its major bioactive compound Picroside - I has been represented in Figure 34C and 

34D. Eight different concentrations of the extract and marker were taken for 

determination of IC50 value. P kurroa dissolved in DMSO showed lowest IC50 value 

hence highest interaction potential against CYP2D6. Inhibition potential of pure 

compound was lesser than the extract.  
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Figure 34C Percentage inhibitory 
effects of P. kurroa and quinidine on 
CYP2D6 

Figure 34D Percentage inhibitory 

on CYP2D6 
 

The present study showed that the test compound has very less potential to inhibit 

the CYP enzymes. Organic solvents like DMSO and ethanol strongly affects the 

metabolism at 5% concentration level. Although, DMSO can inhibit several P450s 

(2C19, 3A4, 2E1, and 2C8/9), whereas ethanol represents better alternatives at a 

relatively low level (Easterbrook et al., 2001). All solvents concentration were kept 

below <2% (Ponnusankar et al. 2010b).  Appropriate solvent controls were used to 

assess the inhibitory potentials. And it was observed that the DMSO and ethanol 

showed no effect on the spectral absorption.  
 

The results of fluorescence study are very much similar with CYP-CO method results. 

Both the experiment confirmed the interaction potential between P. kurroa and its 
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major bioactive compound Picroside - I with cytochrome P450. The plant extract 

and its phytomarker were less likely to produce clinically significant drug 

interaction. The results indicated that extract has more interaction with drug 

modulating enzyme than its individual bioactive compound. The efficacy of crude 

extract may be due to the synergism between the different active constituents or 

other minor constituents present therein.  
 

12.8.27. Quantification of gallic acid in T. bellerica  extract through HPTLC  

 
Hydro alcoholic extract of Terminalia bellerica  fruit was provided by Central 

Council for Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, 

Ministry of Health and Family Welfare, Government of India, New Delhi used for 

the study. Standard gallic acid was purchased from Sigma-Aldrich, (Germany). 

The mobile phase for the estimation of gallic acid was 

optimized by testing different solvent mixtures of varying 

polarity. The best results were obtained using toluene, ethyl 

acetate and formic acid at the ratio of 10:10:3 (v/v). The 

selected mobile phase resolved the marker compound gallic 

acid efficiently from other components. The compound with the 

Rf value 0.43 was identified as gallic acid. Peak purity of the 

sample was fully confirmed; its in situ reflectance spectrum was compared with 

that of the standard and found to be superimposable. The TLC plate of T. 

bellerica  extract along with its marker gallic acid is presented in Figure 35D. The 

calibration plot (Figure 35C) data showed a good linear relationship over a 

concentration range of 2-14 g per spot, with the correlation co-efficient of 0.999, 

was indicative of good linear dependence of peak area of concentration. Figure 

35A & 35B represent the HPTLC chromatogram of gallic acid and T. bellerica  

extract. The gallic acid content of the T. bellerica extract was determined from the 

calibration curve and the quantification of gallic acid present in T. bellerica  

extract was found to be 1.76 % w/w. 

Gallic Acid 
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Figure 35A HPTLC chromatogram of 
standard gallic acid 

Figure 35B HPTLC chromatogram of 
hydro alcoholic extract of T. bellerica 
 

 

                     
    A    B 

Figure 35C TLC plate of the standard 
gallic acid and T. bellerica  extract 

Figure 35D Calibration graph of 
standard gallic acid 

 
12.8.28. Effect of extract, fractions and phytomarker on hepatic microsomal 
enzymes 
 
Extract solubilized in DMSO and ethanol showed a concentration dependent 

inhibition of CYP450. In vitro study showed that T. bellerica , extract dissolved in 

DMSO showed highest percentage inhibition than ethanol soluble extract. The 

percentage inhibition of T. bellerica extracts and gallic acid marker on rat liver 

microsomes has been shown in Figure 36. However, the standard gallic acid showed 

A = Gallic acid  
B = T. belerica extract
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very less inhibition when compared with extract. However, the effect of DMSO 

solubilized extract was calculated after neutralizing the solvent effect by using the 

separate solvent control column in the microplate. Thus it is obvious that the polarity 

of the compound certainly have a major effect on the inhibition of CYP enzymes. This 

reflects differences in relative amounts of phytomarker compounds or the presence of 

other active marker compounds which may affect the active site. Based on these 

findings, it was understood that the solubility and polarity of the phytoingredients play 

a major role in CYP enzyme inhibition.  
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Figure 36 Percentage inhibitions of T. bellerica extract and gallic acid. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001, **P<0.01 versus positive 
inhibitor ketoconazole. One-way analysis of variance (ANOVA) followed by 
Dunnett's multiple comparison Test. 

 

12.8.29. Fluorometric assay 
 
The effect of T. bellerica  extract along with its phytomarker gallic acid was 

investigated for its effect of major CYP isoforms such as CYP3A4 and CYP2D6 

through in vitro inhibition assay. The CYP3A4 and CYP2D6 are clinically most 

relevant isoforms. Binding sites of active constituents from T. bellerica  with these 

isozymes are not known. It is, however, suggested previously that BFC and quinidine 
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bind to different domains in the CYP3A4 and CYP2D6 respectively (Lu et al., 2001). It 

is possible that the complex composition of T. bellerica  is followed by a complex 

binding to both the isoenzymes. Knowledge about enzyme substrate binding 

properties may thus be a major key to the understanding of cytochrome P450 

inhibition patterns from herbs and drugs. In this study we assayed the T. bellerica  

extract and its major constituent gallic acid for a possible inhibition of CYP enzymes. 

The study results revealed that the extracts dissolved in ethanol and DMSO showed 

a concentration dependent inhibition on both the isozymes. However, to ensure the 

possible inhibition by the test substances, appropriate solvent controls were used in 

the study and the percentage inhibition was calculated described elsewhere. All the 

test samples such as extracts and marker compounds were assayed in triplicate and 

the obtained IC50 value along with standard error of mean are represented in Table 

13.  

 

Table 13 IC50 values of the test substances of T. bellerica  extract on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the mean 
± S.E.M (n=3). 
 

IC50 value (µg/ml) 

Test extract 

 

Solvent used CYP 3A4 CYP 2D6 

Ethanol 77.94±1.52 90.20±1.07 Terminalia bellerica 

DMSO 69.89±2.50 81.10±0.57 

Ethanol 168.24±2.11 152.03±1.38 Gallic acid 

DMSO 164.04± 3.05 151.61±1.70 

Ethanol -- 3.06±0.80 Quinidine 

DMSO -- 2.81±0.72 

Ethanol 6.76±0.91 -- Ketoconazole 

DMSO 5.74±1.41 -- 
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12.8.29.1. CYP3A4 
 

Sigmoid inhibition potential of the T. bellerica  extract and gallic acid has been 

represented in Figure 37A and 37B. Extract and marker showed higher inhibition 

potential (lower IC50 value) with CYP3A4 than CYP2D6 (Table 13). 
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Figure 37A Percentage inhibitory effects 
of T. bellerica and Ketoconazole on 
CYP3A4 

Figure 37B Percentage inhibitory 
effects of gallic acid and 
Ketoconazole on CYP3A4 

12.8.29.2. CYP2D6 
 

Sigmoid inhibition potential of the T. bellerica extract and gallic acid against CYP2D6 

has been represented in Figure 37C and 37D 
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The in vitro study results clearly indicate the potential of certain test compounds to 

inhibit moderately the activity of CYP enzymes in vitro. The procedure could be used 

for an initial assessment of the potential risk for metabolic interaction with 

conventional pharmaceuticals and need for further studies to characterize these 

remedies in vivo. However, data of the present study clearly suggest that herbal 

products may have the potential to moderately inhibit the metabolism of certain co-

administered drugs. As such, the obtained results should merit further investigations 

(e.g. bioavailability studies) to clarify their clinical relevance.  The extracts of the 

selected herbs and their phytomarkers were found to be less likely to produce 

clinically significant drug interaction which leads drug induced toxicity. The results 

indicate that crude extract showed more interaction with drug modulating enzyme 

than its individual bioactive compounds. The efficacy of crude extracts may be due to 

the synergism between the different active constituents or other minor constituents 

present therein.  

12.8.30. HPTLC standardization of T. chebula extract 
 
Hydro alcoholic extract of Terminalia chebula fruit was provided by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi used for the study. 

Standard gallic acid was purchased from Sigma-Aldrich, 

(Germany). HPTLC Chromatography was performed on 10 x 20 

cm aluminum backed silica gel 60F254 HPTLC plates. Samples 

were applied to the plates, as 6 mm bands, using Camag 

Linomat V applicator equipped with 100 µl syringe (Hamilton). 

Ascending development of the plate, migration distance of 80 

mm, was performed at 25±2º C. Toluene: Ethyl acetate:  

Formic acid (10:10:3) (v/v) was used as mobile phase in a Camag twin-trough 

chamber previously saturated with mobile phase for 20 min. After the development, 

the plate was air dried. Densitometric scanning was then done at 270 nm with a 

Gallic Acid 
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Camag TLC scanner III equipped with WINCATS software, using deuterium light 

source; the slit dimension was set as 6.00 x 0.45 mm. The quantitative determination 

was performed using the external calibration method. A series of standard solution 

equivalent to 2-14 g was applied to TLC plate. The plate was developed, dried and 

scanned as described above. A calibration plot was constructed by plotting peak area 

against amount of gallic acid (ng per spot). The Rf value of gallic acid was found to be 

0.43.  
 

 
Figure 38A HPTLC chromatogram of 
standard gallic acid 

Figure 38B HPTLC chromatogram of 
hydro alcoholic T. chebula extract 
 

  
  A        B           

Figure 38C TLC plate of standard 
gallic acid and T. chebula extract 
 

Figure 38D Calibration graph of gallic 
acid 
 

 

Figure 38D showed the TLC plate of T. chebula extract along with its marker gallic 

acid. The calibration plot (Figure 38C) data showed a good linear relationship over a 

concentration range of 2-14 g per spot, with the correlation co-efficient of 0.999, was 

A= Gallic acid  

B = T. chebula extract
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indicative of good linear dependence of peak area of concentration. Figure 38A and 

38B represent the HPTLC chromatogram of gallic acid and T. chebula extract. The 

gallic acid content of the T. chebula extract was determined from the calibration curve 

and the quantification of gallic acid present in the T. chebula extract was found to be 

2.5 % w/w. 
 

12.8.31. CYP450-CO complex assay 
 

Extract solubilized in ethanol and DMSO showed a concentration dependent 

inhibition. Our in vitro study results showed that, extract dissolved in DMSO has 

highest inhibition compared to extract solubilized in ethanol. The percentage inhibition 

of T. chebula extracts, its fraction and gallic acid marker on rat liver microsomes were 

shown in Fig. 39. Since the DMSO is considered as an industrial de facto solvent, it 

ensures complete solubility of the phytoingredients and provides maximum possible 

inhibition of CYP by the extract even after neutralizing the solvent effect by using a 

separate solvent control column in the microplate. Based on this, further research on 

the CYP may be designed by considering the solubility and polarity factors of the 

phytoingredients studied.  
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Figure 39 Percentage inhibitions of T. chebula extract and gallic acid. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001, versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 
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12.8.32. Fluorometric assay 
 
The in vitro effect of T. chebula and its biomarker compound gallic acid have 

been investigated for its effect on drug modulating isoforms such as CYP3A4 

and CYP2D6. The study results revealed that the extracts dissolved in ethanol 

and DMSO showed a concentration dependent inhibition on both the isozymes. 

However, to ensure the possible inhibition by the test substances, appropriate 

solvent controls were used in the study and the percentage inhibition was 

calculated described elsewhere. Percentage inhibition by the extract and marker 

compound has been represented in Table 14. All the test samples such as 

extracts and marker compounds were assayed in triplicate and the results are 

represented. The in vitro study results revealed that the test substances 

produced only minor inhibition of CYP3A4 and 2D6 isoforms.  

 

Table 14 IC50 values of the test substances of T. chebula on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

IC50 value (µg/ml)  

Test extract 

 

Solvent used CYP 3A4 CYP 2D6 

Ethanol 95.52±1.26 102.35±1.16 Terminalia chebula

DMSO 87.51±0.75 92.06±1.25 

Ethanol 168.24±2.11 152.03±1.38 Gallic acid 

DMSO 164.04± 3.05 151.61±1.70 

Ethanol -- 3.06±0.80 Quinidine 

DMSO -- 2.81±0.72 

Ethanol 6.76±0.91 -- Ketoconazole 

DMSO 5.74±1.41 -- 
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12.8.32.1. CYP3A4 
The inhibition effect of various concentration ranges such as 200�1.56 µg/ml, of test 

extracts and its phytomarker against CYP3A4 has been presented in Figure 40A and 

40B. Test sample showed higher inhibition potential with CYP3A4 than CYP2D6. 
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Figure 40A Percentage inhibitory effects 
of T. chebula and Ketoconazole on 
CYP3A4 

Figure 40B Percentage inhibitory 
effects of gallic acid and 
Ketoconazole on CYP3A4 

 

12.8.32.2. CYP2D6 
 

Sigmoid inhibition potential of the extract and the marker compound against CYP2D6 

has been represented in Figure 40C & 40D. In case of pure compound showed 

approximately similar IC50 value in both the solvent. 
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Study showed that test compounds have a very less potential to inhibit the CYP 

enzymes. In our approach we used two solvents for preparation of test 

substances. DMSO-extract which is industrial de facto standard, were usually 

more potent inhibitors than ethanol extracts. Organic solvent can strongly affect 

the consistency and interpretation of this in vitro data. If the solvent selected for 

in vitro studies inhibits particularly CYP450s, one might miss an important 

metabolic pathway. Although DMSO is a good universal organic solvent, it can 

inhibit the activity of several P450s isoforms such as 2C19, 3A4, 2E1, and 

2C8/9. In general, ethanol represents better alternatives as long as the content 

is kept at a relatively low level (Easterbrook et al., 2001). It was found that a 

concentration of 5% strongly affected the metabolism of the various cytochrome 

enzyme studied (Chauret et al., 1998). In present protocol all solvents were 

taken <2%.  Effect of solvent on isozymes also studied with proper solvent 

control for both of the isozyme. And it was observed that our data are reliable 

i.e. DMSO and ethanol does not affect inhibition. If the organic solvents used to 

solubilize the substrate and the inhibitors are not kept minimal and constant, this 

may result in a non-specific and/or a non-sensitive inhibition assay. It has been 

observed that IC50 value is lesser in DMSO than ethanol.  The detail mode of 

enzyme inhibition was not studied as it was not relevant for this study, which 

aimed to generate initial data for justifying further (e.g. in vivo) studies.  

 

We have chosen to screen for the inhibition of two cytochrome P450 isozymes. 

CYP3A4 being the major drug metabolizing enzyme, CYP2D6 as rate limiting for 

metabolism of many pharmaceuticals with additional problems stemming from a 

wide pharmacogenetic variability. Binding sites of active constituents from T. 

chebula with these isozymes are not known. However, ketoconazole and 

quinidine bind to different domains in the CYP3A4 and CYP2D6 respectively has 

been reported previously (Lu et al., 2001). It is possible that the complex 

composition of T. chebula is followed by a complex binding to both the isozyme. 



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

77

12.8.33. Estimation of tinosporoside in T. cordifolia extract through HPTLC 
 
Hydro alcoholic extract of stem of T. cordifolia stem was provided by Central 

Council for Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, 

Ministry of Health and Family Welfare, Government of 

India, New Delhi used for the study. Tinosporoside was 

was isolated based on previous reported methodology at 

School of Natural Product Studies, Jadavpur University, 

and Kolkata, India. Chromatography was performed on 

silica gel 60 F254 HPTLC plates (10 cm × 10 cm). Plant 

extract (5µl) and marker compounds (2, 4, 6, 8, µl) were 

applied on HPTLC plate as wide bands of 8 mm, 

positioned 10 mm from the bottom of the plate, using 

automated TLC applicator Linomat V. The uphill development of the plate was 

carried out in a Camag twin trough chamber (10 cm × 10 cm); which was pre-

saturated with mobile phase for 30 min prior at room temperature (25 ± 2 C). 

Mobile phase was optimized as Toluene : acetone : Water :: 5 : 15 : 1. After 

development, the plate was air dried and the spots were detected under UV 

lamp at 254 nm. Developed plate was scanned using Camag TLC Scanner 3. 

max was found to be 230 nm. Quantity of tinosporoside in the extract was 

resolute by means of calibration curve of the standard. HPTLC Chromatogram of 

tinosporoside has been represented in Figure 41A. Chromatogram of T.

cordifolia showed five peaks (Figure 41B). Presence of standard in the extract 

was confirmed by the corresponding R f value of standard tinosporoside (R f - 

0.36). Developed plate was observed under UV light at 254nm. The spot of 

standard is resembled with the particular spot of the extract (Figure 41D). 

Calibration curve (Figure 41C) was linear with a correlation coefficient (r) of 

0.993, which indicated a good linear dependence of the peak area on 

concentration. The amount of tinosporoside in the test extract was found to be 

0.24 % (w/w).  

Tinosporoside  
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Figure 41A HPTLC chromatogram of 
standard tinosporoside 

Figure 41B HPTLC chromatogram 
of T. cordifolia extract 

 

Figure 41C HPTLC calibration curve of 
standard tinosporoside 

Figure 41D TLC plate of 
tinosporoside and T. cordifolia  

 

12.8.34. Effect of extract and marker compounds on pooled CYP P450 

 
Cytochrome P450�CO complex method was used to assess the preliminary inhibitory 

potential of T.cordifolia extract and its major bioactive compound tinosporoside. 

Reduced CYP450-CO complex showed an absorption spectrum, which was different 

than that of the reduced CYP450. Concentration of CYP450 was determined using a 

formula that incorporates the change in absorbance at 450 nm relative to 490 nm 

A      B

A � Tinosporoside 

B � T. cordifolia extract 
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(Choi et al., 2003). The concentration of protein present in isolated microsomes was 

found to be 8.3 mg/ml. CYP450 concentration in the microsome was estimated to be 

0.502 nmol/mg of protein. Percentage inhibition of the test substances compared to 

the positive control has been depicted in Figure 42. Extract dissolved in DMSO 

showed highest inhibition potential among the entire sample tested. It can be say that 

due to high dissolution of compounds in DMSO than the ethanol resulting higher 

inhibition potential in DMSO. Results indicated that extracts showed higher inhibition 

potential than bioactive compound. 
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Figure 42 Percentage inhibitions of T. cordifolia extract and tinosporoside on 
pooled CYP450. Bars represent mean ± S.E.M. where n=3. ***P<0.001 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
 
12.8.35. Inhibitory profile of plant extracts and bioactive constituents on CYP 
isoforms  
 
This assay was based on the ability of a drug to compete with the different 

fluorogenic substrate for different CYP isoforms. The probe substrates used in these 

assays are derivatives of coumarin or resorufin, which after dealkylation by CYPs to 

generate fluorescent products. Respective positive controls for each isozyme were 



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

80

used to confirm the assay precision. Testing of the pure compounds indicates 

whether the overall activity was explainable by tested compounds or caused by 

other constituents in the extract.  

 
Table 15 IC50 ( g/ml) value of the T. cordifolia and tinosporoside on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the 
mean ± S.E.M (n=3). 
 

Sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

DMSO 84.22±2.22 95.26±1.16 Tinospora cordifolia 

Ethanol 81.51±1.75 88.54±1.25 

DMSO 138.26±2.11 126.34±1.54 
Tinosporoside 

Ethanol 138.00± 1.29 125.12±2.99 

DMSO 8.31±1.24 - 
Ketoconazole 

Ethanol 9.11±0.95 - 

DMSO - 5.61±0.94 
Quinidine 

Ethanol - 6.01±1.89 

 

12.8.35.1. CYP3A4 
 
CYP3A4 is the major drug metabolizing enzyme. T. cordifolia extract showed the 

lowest IC50 value (IC50 < 0.1 mg/ml) against CYP3A4 among the entire test 

sample, consequently its interaction potential is highest (Table 15). 

Tinosporoside had higher IC50 value (IC50 > 0.1 mg/ml) than the extract. Figure 

43A and 43B represents the concentration dependant inhibition effect of extract 

and the bioactive compound on CYP3A4. In both of the solvents interaction 

potential of pure compounds were approximately similar i.e. solvents effect are 

negligible. 
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Figure 43A Percentage inhibitory effects 
of T. cordifolia and ketoconazole on 
CYP3A4 

Figure 43B Percentage inhibitory 
effects of tinosporoside and 
ketoconazole on CYP3A4 

 
12.8.35.2. CYP2D6 
 

CYP2D6 is the rate limiting enzyme for metabolism of many psychiatric 

pharmaceuticals with additional problems stemming from a wide pharmacogenetic 

variability. Inhibitions of CYP2D6 by the plant extract and bioactive compound have 

been shown in Figure 43C and 43D T. cordifolia extract showed higher interaction 

potential than pure tinosporoside (Table 4).  
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Figure 43C Percentage inhibitory effects 
of T. cordifolia and quinidine on CYP2D6 

Figure 43D Percentage inhibitory 
effects of tinosporoside and quinidine 
on CYP2D6 
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Fluorescence-based high throughput screening assays for detecting drug metabolism have 

been successfully employed for in vitro assessment of herb-drug interactions and enzyme 

inhibition with several CYP isozymes. All the test samples showed concentration-dependent 

inhibitory activity on CYP3A4 and CYP2D6. CYP inhibitory potential by plant extract and the 

bioactive compound as described in this work and performed by others (Pekthong al., 2008; 

Winitthana et al., 2011) are potentially useful tools for screening of herbal medicines with 

respect to their herb-drug interaction. Present study revealed that the selected medicinal 

plant extracts and the pure compounds have very less inhibition potential on CYP3A4 and 

CYP2D6, comparing to their positive inhibitors ketoconazole and quinidine respectively. 

Results indicated that T. cordifolia extract has higher inhibition potential comparing to marker 

compound. CYP-CO complex assay result showed quite similar with fluorogenic assay. This 

higher CYP inhibition potential by the extract may be related to the synergistic effects due to 

the presence of other constituents in the extract (Mukherjee et al., 2011b). From these 

findings, it can be accomplished that the test extract and phytoconstituents have very less 

potential to interact with co-administered drug metabolism. In other word the selected 

medicinal plants and their bioactive components does not involved in interaction in other drug 

metabolism.  

12.8.36. Standardization of Withania somnifera  
 

Hydro alcoholic extract of Withania somnifera root was provided by Central Council for 

Research in Ayurveda and Siddha (CCRAS), Department of AYUSH, 

Ministry of Health and Family Welfare, Government of India, New Delhi 

to carry out standardization and herb-drug interaction potential. 

Standard withanolide-A was purchased from Natural remedies 

(Bangalore). Standard were applied on aluminium-backed HPTLC 

plates (10cm×10cm) with the help of a Camag, Linomat V (Muttenz, 

Switzerland) sample applicator.  5µl of extract was also applied on the 

plate. Application rate was 150 nl/sec, under constant N2 gas flow. The spots were applied 

10 mm above the edge with a bandwidth of 8 mm. Distance between tracks was 12 mm.  

Withanolide-A 
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The ascending development of the plate was carried out in a Camag twin trough 

chamber (10 cm × 10 cm); which was pre-saturated with mobile phase for 30 min and 

run up to 80 mm; at room temperature (25 ± 2 C). Mobile phase was optimized to 

Toluene: Ethyl acetate: Formic acid (5:5:1). After development, the plate was air dried 

and the spots were detected under UV lamp at 254 nm (Figure 44D). Developed plate 

was scanned using Camag TLC Scanner 3 (Muttenz, Switzerland) with integrated 

Wincats software at 254 nm.  A calibration curve (Figure 44C) was prepared with the 

help of area under curve of withanolide - A.  Chromatogram of standard and extract 

has been represented in Figure 44A and 44B. Quantity of withanolide - A in the plant 

extract was found to be 1.29 %.  
 

Figure 44A HPTLC chromatogram 
standard withanolide-A 

Figure 44B HPTLC chromatogram 
of W. somnifera extract 

 
 

  A      B            
Figure 44C Calibration graph of 
standard withanolide-A 

Figure 44D TLC plate of standard 
and extract 

A = Withanolide-A 
B = W. somnifera extract



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

84

12.8.37. Herb-drug interaction potential of Withania sominifera  
 
12.8.37.1. CYP450 - CO complex assay  
 

The CYP450 concentration of the diluted RLM was found to be 0.417 nmol/mg 

protein. Root extract and withanolide-A showed a concentration dependent 

inhibition of CYP450 Figure 45. Results indicating that plant extract and marker 

have significantly less inhibition than positive inhibitor ketoconazole (Figure 3.17). 

Extract dissolve in DMSO showed highest percentage of inhibition (22.56 ± 

1.55%) which may be due to the higher solubility of extract in DMSO than the 

ethanol. Lowest inhibition (10.21 ± 1.89%) was observed in withanolide - A 

prepared in ethanol. These results suggested about the interaction of w. somnifera 

extract with pooled CYP450 and the interaction potential is more with the extract 

rather than its pure molecule. 
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Figure 45 Percentage inhibitions of Withania somnifera extract and 
withanolide - A. Bars represent mean ± S.E.M. where n=3. *** P<0.001 versus 
positive inhibitor ketoconazole. One-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison Test. 
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12.8.37.2. Fluorimetric screening 
 
Preclinical biological screening is important not only for establishing the therapeutic 

efficacy of the medicinal plants but also to validate their historical utilization by 

traditional healers and herbalists. Drug interaction is not only limited to synthetic 

drugs, but natural products may also act as key factor to change in the CYP activity; 

for example CYP-modulating effects are described for echinacea, grapefruit juice or 

St. John�sWort (Modarai et al., 2010; Heinrich et al., 2008). In this study herb-drug 

interaction of W. somnifera was evaluated through CYP450 inhibition assay along 

with different CYP isozymes such as CYP3A4 and 2D6. Extract and withanolide - A 

were assayed between concentrations ranging from 200 to 1.56µg/ml. This 

concentration range was optimized in our laboratory and between this range extract 

and marker showed good linearity in concentration dependant inhibition. All samples 

were assayed in triplicate, and IC50 values were determined.  

 

Table 16 IC50 ( g/ml) value of the W. somnifera and withanolide- A on the 
metabolism mediated by CYP3A4 and CYP2D6. Each value represents the mean 
± S.E.M (n=3). 
 

 Test sample Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

Ethanol 66.55±1.30 53.97±0.91 
Withania somnifera 

DMSO 57.49±1.57 48.06±1.64 

Ethanol 87.96±2.01 96.50±1.05 
withanolide- A 

DMSO 83.79±1.69 94.34±2.05 

Ethanol 6.76±0.91 -- 
Ketoconazole 

DMSO 5.74±1.41 -- 

Ethanol -- 3.06±0.80 
Quinidine 

DMSO -- 2.81±0.72 
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12.8.37.2.1. CYP3A4 
 
DMSO soluble extract showed lower IC50 value, hence higher interaction 

potential than ethanol soluble extract (Table 16). IC50 value of pure withanolide- 

A dissolved in DMSO and ethanol was found to be approximately similar. 

Concentration dependant inhibitory effect of marker and extract on CYP3A4 has 

been represented in Figure 46A & 46B.  
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Figure 46A Percentage inhibitory 
effects of W. somnifera and 
ketoconazole on CYP3A4 

Figure 46B Percentage inhibitory 
effects of withanolide- A and 
ketoconazole on CYP3A4 

 
12.8.37.2.2. CYP2D6 
 

Results indicated that W. somnifera extract showed highest interaction potential 

(least IC50 value) against CYP2D6 among all four isozyme tested. Extract 

dissolved in DMSO showed lower IC50 value than ethanol soluble extract. 

Inhibition potential of pure compound was lesser than the extract (Table 16). 

Concentration dependant Inhibition potential of CYP2D6 by the W. somnifera 

extracts and its major bioactive compound withanolide- A have been represented 

in Figure 46C & 46D. 
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Figure 46D Percentage inhibitory 
effects of withanolide- A and 
quinidine on CYP2D6 

 

In view of the selection of the solvent, the DMSO has been utilized as it renders 

complete solubility of the compounds even though it may not be most favorable 

solvent for cytochrome inhibition study because it can inhibit the activity of several 

CYP450s (2 C19, 3A4, 2E1, and 2 C8/9) only when used more than 5% 

concentration. In this experiment <2% of DMSO and ethanol was used as better 

alternatives as long as the content is kept at a relatively low level (Pandit et al., 2011). 

Study results indicate that the W. somnifera extract and its major constituent 

moderately inhibited the CYP450. The procedure could be used for assessment of 

the potential risk for metabolic interaction with conventional medicine (Zou et al., 

2002).  
 

CYP450 inhibition potential of extract was more comparing to its single bioactive 

compound. The higher enzyme inhibition by the extract may be related to the 

synergistic effects due to presence of other constituents in the extract. Interaction 

potential of extract and the marker is highest with CYP2D6 and lest interacting with. 

For all four isozymes, test extract and bioactive compound showed far higher IC50 

value compare to respective positive inhibitors. This indicated that interaction 

potential of the test samples were very less compared to standard inhibitors. In other 

word use of this plant in Ayurveda is safe. 
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12.8.38. Standardization of Zingiber officinale through HPTLC 
 

Extract of Z. officinale Rhizome was supplied by Central Council for Research 

in Ayurveda and Siddha (CCRAS), Department of AYUSH, Ministry of Health 

and Family Welfare, Government of India, New Delhi. Standard 6-gingerol was 

isolated in our laboratory and was confirmed by several spectroscopic 

characteristics. Standard were applied on 

aluminium-backed HPTLC plates (10cm×10cm) 

with the help of a Camag, Linomat V (Muttenz, 

Switzerland) sample applicator.  5µl of extract 

was also applied on the plate. Application rate 

was 150 nl/sec, under constant N2 gas flow. The 

spots were applied 10 mm above the edge with a 

bandwidth of 8 mm. Distance between tracks was 

12 mm. The ascending development of the plate 

was carried out in a Camag twin trough chamber 

(10 cm × 10 cm); which was pre-saturated with mobile phase for 30 min and 

run up to 80 mm; at room temperature (25 ± 2 C). Mobile phase was optimized 

to n-Hexane: Diethyl ether (40: 60). After development, the plate was air dried 

and the spots were detected under UV lamp at 254 nm (Figure 44D). 

Developed plate was scanned using Camag TLC Scanner 3 (Muttenz, 

Switzerland) with integrated Wincats software. The Area under the curve and 

the amount of 6-gingerol per spot was plotted and was found to be directly 

proportional. Calibration graph showed good linearity in the range of 200 ng � 

800 ng per spot. Linearity of the calibration was confirmed with a correlation 

coefficient r = 0.992. Calibration curve of standard 6-gingerol has been 

represented in Figure 47C. The amount of 6-gingerol present in the plant 

extract was calculated by comparing the area under curve of standard in plant 

sample with that of calibration curve and was found to be 5.72 % (w/w). 

6-Gingerol 
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Figure 47A HPTLC Chromatogram of 6-
gingerol 

Figure 47B HPTLC Chromatogram 
of Z. officinale
 

 

 

Figure 47C Calibration curve of standard 
6-gingerol by HPTLC 

Figure 47D TLC plate of standard 
6-gingero and Z. officinale extract  

12.8.39.  CYP450-carbon monoxide (CYP-CO) complex assay 
 
CYP-CO complex assay was used to assess the preliminary inhibitory potential of 

pooled CYP450 by Z. officinale and its isolated bioactive compound 6-gingerol. 

Concentration of protein in isolated rat liver microsome was found to be 8.5 mg/ml. 

A B

A = 6-gingerol 

 B = Z. officinale extract
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The concentration of CYP450 in diluted microsome was 0.429 nmol/mg protein. 

The reduced P450-CO complex shows a characteristic absorption spectrum, 

which was different than that of the P450. The P450 concentration was 

determined using a formula that incorporates the change in absorbance at 450 

nm relative to 490 nm, with the millimolar difference of extinction coefficient 91 

(Ponnusankar et al., 2011a). In order to study the interaction potential of the Z. 

officinale extracts and 6-gingerol, the concentration of pooled CYP450 was 

determined following the incubation of microsomes with the test samples. Z.

officinale extract dissolved in DMSO showed highest percentage of inhibition 

(18.22 ± 2.89) this may be due to the higher solubility of extract in DMSO than 

ethanol. Proper solvent control was used for the experiment. Result indicated 

that rhizome of Z. officinale and 6-gingerol showed significantly less inhibition 

than ketoconazole 48.  
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Zingiber officinalis extract
 

 
Figure 48 Percentage inhibitions of Z. officinale extract and 6-gingerol. Bars 
represent mean ± S.E.M. where n=3. *** P<0.001 versus positive inhibitor 
ketoconazole. One-way analysis of variance (ANOVA) followed by Dunnett's 
multiple comparison Test. 



“Evaluation of safety profile of herbs used in Ayurveda with CYP 450 enzymes inhibition method” 
Pulok K Mukherjee, School of Natural Product Studies, Jadavpur university, Kolkata, India  

91

12.8.40.  Fluorogenic assay 
 
CYP isozyme specific high-throughput screening (HTS) assays for characterizing the 

interactions of potential drug, is an important tool. Extraction and activity investigation 

was performed as described in this work, and by others (Foster et al., 2001; Zou, et 

al., 2002; Ponnusankar et al., 2011b) are potentially useful tools for the screening of 

natural products with respect to herb-drug interactions with conventional medicines. 

The interaction potential of Z. officinale was studied with CYP3A4 and CYP2D6. The 

assay was based on the ability of a drug to compete with the different fluorogenic 

substrate for different CYP isoforms. The probe substrates used in these assays were 

derivatives of coumarin, which after dealkylation by CYP450 generated fluorescent 

products. Respective positive controls for each isozyme were used to confirm the 

assays precision. Testing the pure compounds indicated that the overall activity 

explainable by tested compounds or caused by other constituents in the extract.  

 
Table 17 IC50 ( g/ml) value of the Z. officinale and 6-gingerol on the metabolism 
mediated by CYP3A4 and CYP2D6. Each value represents the mean ± S.E.M 
(n=3). 
 

Plant name Solvent IC50 (µg/ml) (CYP3A4) IC50 (µg/ml) (CYP2D6)

DMSO 286.49±9.19 249.52±3.16 Zingiber officinale 

Ethanol 305.00±4.45 262.70±8.89 

DMSO 341.57±3.04 309.84±9.60 6-gingerol 

Ethanol 345.38±6.04 310.01±3.18 

Ethanol - 3.52±0.94 Quinidine 

 DMSO - 2.23±0.54 

Ethanol 5.74±1.24 - Ketoconazole 

DMSO 4.54±0.70 - 
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12.8.40.1. CYP3A4 
 

Z. officinale and 6-gingerol showed least interaction potential (highest IC50 value) 

against CYP3A4 among all the isozyme tested. Extract dissolved in DMSO showed 

the higher interaction potential (lower IC50 value) than ethanol soluble extract against 

CYP3A4 (Table 8). IC50 value of pure 6-gingerol dissolved in DMSO and ethanol was 

found to be approximately similar. Concentration dependant inhibition effect of marker 

and extract on CYP3A4 has been represented in Figure 49A and 49B. For 

determination of IC50 value of the extract and pure phytoconstituents eight different 

concentrations (400 - 3.125 µg/ml) were taken.  
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Figure 49A Percentage inhibitory 
effects of Z. officinale and 
ketoconazole on CYP3A4 

Figure 49B Percentage inhibitory 
effects of 6-gingerol and ketoconazole 
on CYP3A4 

 

12.8.40.2. CYP2D6 
 

Concentration dependant inhibition potential of extracts and its bioactive compounds 

against CYP2D6 by the have been represented in Figure 49C & 49D. Eight different 

concentrations of the extract, ranging from 300 - 2.34 µg/ml has been taken for 

determination of IC50 value. Maker concentration 400-3.25 µg/ml showed sigmoid 

dose response. Z. officinale dissolved in DMSO showed lower IC50 value than ethanol 

soluble extract. Pure compounds have lower inhibition potential than the extract 

(Table 17).  
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The present study showed that the test substances have very less inhibition potential 

on CYP enzymes. Appropriate solvent controls were used to assess the assay 

precision. It was observed that the DMSO and ethanol did not show any effect on the 

spectral absorption. The results of fluorescence study are very much similar with 

CYP-CO method results. Both the experiment confirmed the interaction potential 

between Z. officinale and its major bioactive compound 6-gingerol with cytochrome 

P450. Extract showed more interaction with drug modulating enzyme than its 

individual bioactive compounds. The efficacy of crude extracts may be due to the 

synergism between the different active constituents or other minor constituents 

present therein. Test sample showed very less inhibition potential against all the 

isozymes compared to their respective positive inhibitors. The plant extracts and its 

phytomarker was less likely to produce clinically significant drug interaction. In other 

word traditional use of this medicinal food as a spice in the kitchen is safe. 

 

Higher the percentage of inhibition means test plant extract inhibit the CYP isoforms 

i.e. inhibit the drug metabolism, so the concentration of drug will be increase in the 

body which leads toxic effect. Test extracts were not shown potent inhibition of CYP 

compare to their positive control. Selected herbs used in Ayurveda are safe. IC50 
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value is the concentration of an inhibitor at which 50% inhibition of the enzymes 

occurs. Lowers the IC50 value means low concentration of test is inhibiting 50% of the 

enzyme. Higher the IC50 value means high concentration is require to inhibit the 50% 

of the enzyme. So higher the IC50 means safer. Based on Cytochrome P450 

interaction potential we make an increasing safety order of test Ayurvedic plant 

extract Piper longum <Cissus quadrangularis < Acorus calamus < Picrorhiza kurroa < 

Withania sominifera < Boerhavia diffusa < Andrographis paniculata < Terminalia 

bellerica < Tinospora cordifolia < Terminalia chebula < Bacopa monnieri < Centella

asiatica < Glycerrhiza glabra < Emblica officinale < Zingiber officinalis. Interaction of 

Piper longum with CYP isozymes was found to be highest and Zingiber officinalis 

interaction was least among the entire sample tested. 

 

Standardization parameter and marker profiling is important to maintain quality control 

and batch to batch reproducibility of the products. Possible herb-drug interaction 

potential of these medicinal plants was explored along with their bioactive 

compounds. The present work established the rational approach to screen selected 

herbs used in Ayurveda for their CYP enzyme-inhibiting activity in vitro. The 

developed procedure could be used for an initial assessment of the potential risk for 

metabolic interaction with conventional pharmaceuticals. Results indicated that test 

extract and phytoconstituents have far higher IC50 values than respective positive 

inhibitors against CYP3A4 and 2D6.  Further the results of the CYP-CO complex 

assay were quite similar with their of the fluorogenic assay. However, it can be 

concluded that possibilities of herb-drug interaction of selected herbal extract and 

their bioactive compounds would be very less; if they have been administered 

concomitantly with other products that are metabolized by CYP450. In other word use 

of these medicinal plants in Ayurveda are safe. Further, study must have to be 

conducted; whether these inhibitory effects would be clinically significant. Certain 

major factors of metabolism such as competition between co-administered drugs, 

unspecific interactions with proteins, and enzyme induction due to chronic intake etc. 

need to be addressed further. Further interaction potential of other isolated compound 
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and in vivo interaction should be studied for better understanding of differences in 

potency and selectivity of CYP450 inhibition. Finally, the results recommended that 

there were very less significance herb-drug interaction with the selected herbs. Thus 

this study establishes the safety profile of Indian medicinal plants used in Ayurvedic 

formulary of India in respect to their CYP450 enzyme inhibition potential and 

highlights on their safety uses, which may be useful for their promotion and 

development. 
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13. Detailed analysis of results indicating contributions made towards 
increasing the state of knowledge in the subject. 
 

Herbal products contains multiple ingredients, there is no single ingredient is 

responsible for over all efficacy. This creates challenges in developing quality 

control measures. However, using a powerful analytical technique i.e. HPTLC, the 

standardization of herb/herbal products may be achieved. For the study selected 

study plants, HPTLC methods were developed for standardization and 

quantification of marker compounds with respective marker compounds. 

 

There is growing awareness that herbal remedies and other phytochemicals could 

have an effect on drug metabolizing enzymes. Resurgence in the use of 

Ayurvedic products, the need to study their effect on CYP enzymes is increasing 

to assess their therapeutic potential, which severely affects its clinical effect or co-

administered medication. Study results provide the evidence on the effect of 

herbs on CYP450. As such, the obtained results should merit investigations to 

clarify their interactions with CYP3A4 and CYP2D6. This study results showed the 

concentration dependent inhibition of several Ayurvedic herbs. Lower IC50 value 

mean, the concentration of the herbs required to inhibit the isoforms is very less 

(may be predicted as higher possible interaction) and the higher the IC50 value, 

the concentration required to inhibit the isoforms is more (lesser the possible 
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interaction). With the above study results, it may be said that plants of Ayurveda 

importance like Zingiber officinalis, Emblica officinale, Glycerrhiza glabra, Centella 

asiatica, Bacopa monnieri, Terminalia chebula, Tinospora cordifolia, Terminalia 

bellerica , Andrographis paniculata, Boerhavia diffusa, Withania sominifera, 

Picrorhiza kurroa, Acorus calamus, Cissus quadrangularis possess increasing 

order of interaction potential on drug metabolizing enzymes.  

 

In conclusion it may be said that the study plants had less interaction potential 

with drug modulating enzymes. However, another major study on metabolism 

such as effect of extracts and markers on individual isoforms using HPLC is under 

progress in our laboratory. Based on the project work following article have been 

published in international peer review impact journals.  
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14. Conclusions summarizing the achievements and indication of scope for 
future work.  
 
The increasing use of alternative and complementary medicine has raised several 

issues on their safety. Many herb-drug interactions have been reported due to the 

combination use of herbal and conventional medicines with and without the 

knowledge of the prescribers. Indian Ayurvedic herbs are proved to be safer through 

their traditional practice, however the effect of these herbs on drug metabolizing 

enzymes are very poorly established. Based on these facts, the scientific evaluation 

of the interactions is immensely important. This project works deals with the 

evaluation of safety profile of 15 herbs (Table 1) being used in Ayurveda for a long 

time. The extracts of this well used Ayurvedic herbs were provided by Central Council 

for Research in Ayurvedic Sciences (CCRAS), Department of AYUSH, Ministry of 

Health and Family Welfare, Government of India, New Delhi. Individual extracts were 

standardized based on their respective phytomarkers through High Performance Thin 

layer Chromatography (HPTLC). The standardized extract thus obtained from the 

chromatography study and the respective bioactive lead components were evaluated 

for their safety profile through CYP450 enzyme inhibition method. The evaluations 
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were made through cytochrome P450-CO complex assay with pooled CYP450 and 

fluorogenic assay with CYP3A4 and CYP2D6 isozymes.  Possible herb-drug 

interaction potential of these medicinal plants were explored along with their bioactive 

compounds. The present work established the rational approach to screen selected 

herbs used in Ayurveda for their CYP enzyme-inhibiting activity.  

 

The developed procedure could be used for assessment of the potential risk for 

metabolic interaction with conventional pharmaceuticals. Results indicated that the 

test extracts and phytoconstituents have far higher IC50 values than respective 

positive inhibitors against CYP3A4 and CYP2D6.  The results of the CYP-CO 

complex assay were quite similar with that of the fluorogenic assay. It is evident that 

possibilities of herb-drug interaction of the selected herbal extracts and their bioactive 

compounds would be very less; if they are administered concomitantly with other 

products that are metabolized by CYP450. The outcome of this project work has been 

published in the following international high impact journals. 

 

1.  S. Ponnusankar, Subrata Pandit, Ramesh Babu, A. Bandyopadhyay, Pulok K. 

Mukherjee. 2011. Cytochrome P 450 inhibitory potential of triphla-a rasayana from 

Ayurveda. Journal of Ethnopharmacology 2011; 133 (1), 120-125 [Elsevier 

Science, Netherlands, Impact Factor – 2.466] [DOI: 10.1016/j.jep.2010.09.022]. 

2.  Subrata Pandit, Pulok K. Mukherjee, Kakali Mukherjee, Rahul Gajbhiye, M. 

Venkatesh, S. Ponnusankar, Santanu Bhadra. 2012. 

CytochromeP450inhibitorypotential of selected Indian spices � possible food 

drug interaction. Food Research International, 45 (1), 69�74. [Elsevier Science, 

Brazil, Impact Factor – 2.416] [DOI: 10.1016/j.foodres.2011.08.021]. 

3. S. Ponnusankar, S. Pandit, M. Venkatesh, A. Bandyopadhyay, Pulok K. 

Mukherjee. 2011. Cytochrome P450 Inhibition Assay for Standardized Extract of 

Terminalia chebula Retz. Phytotherapy Rresearch, 25, 151�154 [Wiley

Blackwell, UK, Impact Factor – 1.878] [DOI: 10.1002/ptr.2993]. 
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4. Subrata Pandit, Pulok K Mukherjee, Sivasankaran Ponnusankar, Murugan 

Venkatesh and N Srikanth. 2011. Metabolism mediated interaction of - asarone 

and Acorus calamus with CYP3A4 and CYP2D6. Fitoterapia 2011; 82 (3) 369-

374 [Elsevier Science, Italy Impact Factor – 1.899] [DOI: 

10.1016/j.fitote.2010.11.009]. 

5.  Subrata Pandit, Sivasankaran Ponnusankar, Arun Bandyopadhyay, Sarda Ota, 

Pulok. K. Mukherjee. 2011. Exploring the possible metabolism mediated 

interaction of Glycyrrhiza glabra extract with CYP3A4 and CYP2D6. 

Phytotherapy Research, 25 (10) 1429�1434 [Wiley Blackwell, UK, Impact Factor 

– 1.878] [DOI: 10.1002/ptr.3426]. 

 

Paper Presented in Conference 
 

1. Pandit, S., Gajbhiye, R.L., Hazam, P.K., Ahmed, S.M., Bandyopadhyay, A., 

Mukherjee. P.K., Effect of Andrographis Paniculata and andrographolide on drug 

metabolizing enzyme. National conference on - Emerging trends in natural 

product research (NPR 2011) Kolkata, February 12-13, 98. 

2. Pandit, S., Ponnusabkar, S., Venkatesh, M., Bandyppadhyay, A., Mukherjee, P.K., 

Toxicological assessment of some Ayurvedic Herbs by cytochrome P450 Assay. 

14th annual national convention of assotiation of pharmaceutical teachers of 

India, Jodhpur. October 3-4, 2009. C-42.  

3. Subrata Pandit, Rahul Laxman Gajbhiye, Pulok K. Mukherjee. Effect of 

standardized extract of Zingiber officinale on drug metabolism by CYP3A4 and 

CYP2D6 inhibition study. �62th Indian pharmaceutical congress (IPC)�, Manipal, 

December 17-19, 2010. 
 

This study establishes the safety profile of some selected Indian medicinal plants 

used in Ayurvedic formulary of India in respect to their CYP450 enzyme inhibition 

potential and highlights on their safe uses, which may be useful for their promotion 
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and development. The work perform through this project can help in documentation of 

the safety profile of herbs used in Ayurveda. This work based on the combined 

approaches of exploitation and exploration will leads to establish the safety of 

Ayurvedic herbs and the major bioactive component present therein. This establishes 

the interaction potential of the standard extract and the bioactive lead compound with 

different CYP isozyme including CYP3A4 and 2D6. The reports published in different 

peer reviewed impact journals on this project highlight further on the safe use of 

ayurvedic herb which can be explored further on traditional medicines inspired drug 

development from Ayurveda concerning particularly the safety documentation of 

Ayurvedic herbs. In future this work should be carried forward on exploiting the lead 

components from several other herbs used in Ayurveda and also to document their 

safety aspects in respect to their interaction with the drug metabolizing enzymes. This 

can help in developing data base on safety aspect of the herb used in Ayurveda, so 

much so to evaluate their herb drug interaction potential which can help in 

development of safety documentation of Indian herbs used in Ayurveda.  
 

15.  Procurement/usage of Equipment 
 

S. 

N
o. 
 

Name of 

Equipment 

Make/ 

Model 

Cost 

FE/Rs 

Date of 

Installation 
 

Utili
sati
on 
rate 
% 

Remarks 
regarding 
maintenance/br
eak 
down 

1. Chromatographic 

sample 

application 

device 

CAMAG 

LINOMA

T 5 

CHF 7500 

Rs:  

307525 

04.12.2008 100  Working well  

2. Microplate 

Fluorescence 

Reader 

BIOTEK 

FLX8ooT 

USD 14600 

Rs: 

722475 

26.06.09. 100 Working well 
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16.  Manuscript for Publication (300 words for possible publication in Council�s 
Bulletin). 
 

Ayurvedic herbs have been proved to be safer through their traditional practices. An 

increasing number of individuals are adopting Ayurvedic medicine, thus it is essential 

to identify clinically useful and safe products from medicinal plants. Standardization of 

the herbal preparations is necessary to get the optimal concentrations of known 

active constituents. Quality control of Ayurvedic products through marker analysis is 

essential for batch-to batch reproducibility. On the other hand, many herb-drug 

interactions have been reported due to the combination of use of herbal and 

conventional medicines without the knowledge of the physician.  

 

The effects of herbs used in Ayurveda on drug metabolizing enzymes are very poorly 

established. The most common cause of clinically significant herb-drug interaction 

involves Cytochrome P450 enzyme (CYP450) inhibition. Most often CYP inhibition 

results in unexpected adverse drug interactions, which leads to decreased rate of 

drug metabolism. Consequently concentrations of the drug increased with in the body 

leading to toxic effect. Based on the above facts, safety profile of fifteen Ayurvedic 

herbs including Acorus calamus, Andrographis paniculata, Bacopa monnieri, 

Boerhavia diffusa, Centella asiatica, Cissus quadrangularis, Emblica officinale, 

Glycyrrhiza glabra, Piper longum, Picrorhiza kurroa, Terminalia bellerica , Terminalia 

chebula, Tinospora cordifolia, Withania somnifera, Zingiber officinale were evaluated 

based on their CYP450 inhibition potential. All these herbs were standardized with 

their respective marker compounds through high performances thin layer 

chromatography (HPTLC). Safety profile of the standardized extract were studied 

through cytochrome P450 inhibition assays with pooled rat liver microsome. Herb-

drug interaction potentials of these plants and their bioactive compounds were 

evaluated through fluorescence inhibition assay with CYP3A4 and CYP2D6 

isozymes. 
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This work established the rational approach to screen some selected herbs used in 

Ayurveda for their CYP enzyme-inhibiting activity. The result indicated that test 

extract and phytoconstituents have far higher IC50 values than respective positive 

inhibitors against CYP3A4 and CYP2D6. Further the results of the CYP-CO complex 

assay were quite similar with fluorogenic assay. It can be assumed that the 

possibilities of herb-drug interaction of selected herbal extract and their bioactive 

compounds would be very less; if they are administered concomitantly with other 

products that are metabolized by CYP450. Further, interaction potential of other 

isolated compounds in these herbs with different others CYP isozymes need to be 

addressed for better understanding of the differences in potency and selectivity of 

CYP450 inhibition. The outcome of this project work has been published in following 

international high impact journals.   

 

1. Cytochrome P 450 inhibitory potential of triphla-a rasayana from Ayurveda. 

Journal of Ethnopharmacology 2011; 133 (1), 120-125 [Elsevier Science, 

Netherlands, Impact Factor – 2.466] [DOI: 10.1016/j.jep.2010.09.022]. 

2.  CytochromeP450inhibitorypotential of selected Indian spices � possible food drug 

interaction. Food Research International, 45 (1), 69�74. [Elsevier Science, USA,

Impact Factor – 2.416] [DOI: 10.1016/j.foodres.2011.08.021]. 

3. Cytochrome P450 Inhibition Assay for Standardized Extract of Terminalia chebula 

Retz. Phytotherapy Rresearch, 25, 151�154 [Wiley Blackwell, UK, Impact 

Factor – 1.878] [DOI: 10.1002/ptr.2993]. 

4.   Metabolism mediated interaction of - asarone and Acorus calamus with CYP3A4 

and CYP2D6. Fitoterapia 2011; 82 (3) 369-374 [Elsevier Science, Italy Impact 

Factor – 1.899] [DOI: 10.1016/j.fitote.2010.11.009]. 

5.  Exploring the possible metabolism mediated interaction of Glycyrrhiza glabra 

extract with CYP3A4 and CYP2D6. Phytotherapy Research, 25 (10) 1429�1434 

[Wiley Blackwell, UK, Impact Factor – 1.878] [DOI: 10.1002/ptr.3426]. 
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This project work deals with the documentation of the safety profile of the plants used 

in Ayurveda. The work is based on the combined approaches of exploitation and 

exploration of the plant extract and the lead molecules based on its standardization 

with respect to bioactive phytomolecules present therein and also evaluation of the 

safety aspects of the standardized extract and the lead components by CYP450 

inhibition potentials. This will be helpful in establish the safety aspects of herbs used 

in Ayurveda for a long time and thus to scientifically validate the claims on these 

plants. This work should be carried forward through screening of other plants and 

their bioactive molecules as being used in Ayurvedic Formulary of India (AFI). This 

study can further help in documentation of the safety profile of the herbs used in 

Ayurveda and other Indian system of Medicine. 
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