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ABSTRACT 

About three quarters population around the world is depended upon traditional medicines for 

treatment of diseases. The medicinal plants are source of natural product having various 

phytochemicals. Presence of phenolic acids and other root specific compounds in Aqueous Root 

Extract of Decalepis hamiltonii, major component in herbal drink, Nannari may also inhibit the 

hOAT1 transporter and may precipitate herb-drug interaction with hOAT1 substrate drugs. Therefore 

the study is conducted to evaluate the inhibitory effect of aqueous root extract of Decalepis hamiltonii 

(AREDH) on rat Oat1, a homologous transporter of human OAT1. The present study was conducted 

on Albino rats by administration of Decalepis hamiltonii aqueous root extract for 28 days and 

estimation of plasma concentrations of Para Amino Hippuric acid (PAH) after IV bolus administration 

on 28th day. The results shows significant decrease in CL & k10, and significant elevation in t1/2β, 

AUC0-∞ & Vss of PAH in test group compared to control group clearly indicates the cumulative 

inhibitory effect of phenolic acids present in the AREDH. Further, the co-administration of AREDH 

with any hOAT1 substrate, results in decrease in clearance and increase in the bioavailability and 

half-life of the substrate drugs. Therefore, if the elevation in plasma concentrations of hOAT1 

substrate drugs is within the therapeutic window, the patient may not experience the adverse effects. 

But, if the plasma concentrations are above the therapeutic window the patient may experience the 

adverse effects which are not usually observed at the dose of the substrate drug.  
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INTRODUCTION 

The use of herbal medicines is gradually 

growing across the world, but at present 

very subtle information has been published 

on herb-drug interaction [1]. The herbal 

preparations contain active phyto-

chemicals in varying proportions which 

have tendency like other pharmacologically 

active moieties to alter the enzymatic 

systems, transporters and the physiological 

process when mixed with modern 

medicines [2]. WHO estimates that about 

three quarters of world population currently 

uses herbs and other forms of traditional 

medicines to treat the diseases [3].  Even as 

we have entered into the new century with 

an exciting hope of gene therapy, herbal 

medicines remain one of the common 

forms of therapy available to the world 

population. It is clear that botanical 

medications have increased in popularity. 

WHO estimates, the present claim for 

medicinal plants is – US$14 billion a year 

and by the year 2050 it would be – US$5 

trillion [4] and it is estimated that 60-70% 

of the American population is taking 

botanical products, but less than 1/3rd of 

these persons inform their medical 

practitioners of such use [5]. At present, 

our understanding of the interactions 

between drugs and herbs and between 

drugs and food is still in its infancy.  Some 

researchers suggest that herb-drug 

interactions occur less often than predicted 

[6]. 

            All the medicinal herbs and 

pharmaceutical drugs are therapeutic at one 

dose and toxic at another. Interactions 

between herbs and drugs may increase or 

decrease the pharmacological or 

toxicological effects of either each other. 

Synergistic therapeutic effects may 

complicate dosing of long-term medications. 

For example herbs traditionally used to 

decrease glucose concentration in diabetes 

could theoretically precipitate hypoglycaemia 

if taken in combinations with conventional 

drugs. In addition to this, long term sub-

therapeutic concentrations of antibiotics 

leads to the development of resistance by 

bacteria and further tolerance may be 

developed by the patient in case of other 

drugs. Because of these possible herb drug 

interactions, health care providers need to 

be aware of herbal supplement use by the 

patients and the possible interactions with 

drugs. Moreover, extensive research has to 

be carried out with most commonly used 

herbal products for their possibility of 

precipitating herb-drug interactions. Hence, 

the health care professionals and public can 

be alerted about the usage of herbal 

products when they are under treatment [7].   

It is estimated that nine food derived 

phenolic acids, p-coumaric acid, ferulic 

acid, gallic acid, gentisic acid, 4-
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hydroxybenoic acid, protocatechuic acid, 

sinapinic acid, syringic acid, and vanillic 

acid has inhibitory effect on human organic 

anion transporter 1 (hOAT1), hOAT2, and 

hOAT3 transporters [8]. It has been 

reported that aqueous as well as methanol 

extracts of Decalepis hamiltonii (Dh) 

containing abundant phenolics with 

predominant levels (20-40% of total 

phenolics) of 2-hydroxy -4-methoxy 

benzaldehyde (HMBA). Other phenolics  

are vanillic acid (4-hydroxy-3-metoxy 

benzaldehyde) protocatechnic acid (3,4-

dihydroxy benzoic acid), gentisic acid (2,5-

dihydxoxy benzoic acid) syringic acid (4-

hyroxy-3,5-dimethoxy benzoic acid), 

caffeic acid (3,4-dihydroxy cinnamic acid), 

p-ceomoric acid (p-hydroxycinnamic 

acid),fernlic acid(4-hydroxy-3-methoxy 

cinnamic acid), cinnamic acid (3-phenyl-2-

propenoic acid [9]. Other volatiles reported 

in the Dh are benzaldehyde, 

salicylaldehyde, methyl salicylate, benzyl 

alcohol, 2-phenyl ethyl alcohol, ethyl 

salicylate and p-anisaldehyde [10]. The 

Presence of phenolic acids and other root 

specific compounds in AREDH, major 

component in herbal drink, Nannari may 

also inhibit the hOAT1 transporter and may 

precipitate herb-drug interaction. 

Therefore, this study is conducted to 

evaluate the inhibitory effect of aqueous 

root extract of Decalepis hamiltonii 

(AREDH) on rat Oat1, a homologous 

transporter of human OAT1. 

MATERIALS AND METHODS 

Chemicals  

Para Amino Hippuric acid (PAH), P-

Aminobenzoic acid, 4.2% Perchloric acid, 

Dichloromethane, Ammonium sulfate, 

Ethyl acetate, Nitrogen gas and 

Acetonitirile. 

Animals 

Healthy male albino rats of Wister strain 

weighing 250±10 grams were obtained 

from Raghavendra enterprises, Bangalore, 

Karnataka, India. They were acclimatized 

to laboratory conditions for 7 days before 

dosing and they were housed in stainless 

steel cages with free access to food and 

water at a controlled room temperature 

24˚C, under 12:12 hr light dark cycles. 

After one week of acclimatization, the 

experimental animals were divided 

randomly into two groups (n=6) and care of 

animals was taken as per guidelines of 

Committee for the Purpose of Control and 

Supervision on Experimental Animals 

(CPCSEA), department of animal welfare, 

Government of India. 

Collection of plant material 

Roots of the plant Decalepis hamiltonii for 

the experiment were collected from a 

vendor in Kurnool town and were 

authenticated by botanical survey of India, 

Hyderabad. 
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Preparation of plant extract 

One part coarse powder of roots of 

Decalepis hamiltonii and nine parts of 

demineralized water at 50oC are soaked 

overnight and filtered on next day. The 

filtrate was considered as aqueous root 

extract of Decalepis hamiltonii (AREDH). 

Weight per ml calculations was done by 

loss on drying method [11]. 

Toxicity Studies 

Toxicity studies as per the OECD 423 

guidelines were done with 200mg/kg upto 

5000mg/kg and found no toxicity at 

2000mg/kg and 5000mg/kg. Hence, 1/10th 

of 2000mg/kg i.e. 200mg/kg was used for 

the experimentation [12].  

Experimental protocol 

The animals were divided into two groups 

of six animals in each group. Group1 

served as untreated control, was 

administered daily with 2ml of 

demineralized water and group 2 rats were 

treated orally with Decalepis hamiltonii 

(200mg/kg p.o/day) for 28 days. On 28th 

day after 1 hr of dosing with demineralized 

water to the control and AREDH to the test, 

PAH (20mg/kg) was administered through 

IV as a bolus dose. After that the blood 

samples (0.5ml) from retro orbital plexus 

were withdrawn serially (5, 10, 20, 35, 45, 

60, 90, 120 minutes) under mild ether 

anesthesia. The clear straw colored serum 

was separated by centrifugation (5000g for 

5min) and stored at -700C until analysis 

[13].  

Chromatography  

Parameters of optimized method 

 Mode: Isocratic 

 Stationary Phase: Phenomenex C18 

Column (250mmX4.6mm, 5µm) 

[14] 

 Mobile Phase: 0.1M acetic acid: 

Acetonitrile (99:1) 

Flow rate: 1ml/min; Detection wavelength: 

254nm; Injection volume: 50µl; Internal 

Standard: Para-Amino Benzoic acid 

(PABA); Diluent: Mobile Phase 

Sample Preparation 

To 200 μl of a plasma sample, 100µl of 1 

μg/ml p-aminobenzoic acid (PABA) used 

as the internal standard was added along 

with a 4.2% perchloric acid solution. The 

mixture was vortexed and centrifuged at 

13000 rpm for 5min. The supernatant was 

transferred to another tube and then 

supplemented with 200 μl dichloromethane. 

The tubes were vortexed and centrifuged at 

13000 rpm for 5min again, and the 

supernatant was transferred to another tube 

which contained 200mg ammonium sulfate 

and 200 μl ethyl acetate. The tubes were 

vortexed and centrifuged at 13000 rpm for 

5min once again, and then the supernatant 

was transferred to another tube. After 

desiccation under nitrogen gas, the sample 

was reconstituted with 200 μl of the mobile 

phase, and 50 μl was used for HPLC. The 
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concentration range of the standard curve 

was 0.1∼30 μg/ml [15]. 

Preparation of Standard Solutions 

 A series of standards in the 

concentration range of 0.1 – 

30µg/ml using mobile phase were 

prepared on dilution of aliquots 

obtained from primary (1000µg/ml) 

and secondary stock solutions 

(100µg/ml) [16]. 

 The aliquots were injected into the 

chromatography system. 

 A calibration graph was plotted by 

taking concentration on X-axis and 

peak area on Y-axis. 

 The graph showed a good linearity 

with R2 value of 0.9937 (Table 1, 

Figure 1). 

Statistical analysis  

Statistics analysis of the data was done 

using version 5.0 of prism Graf pad. All the 

values of the experimental results were 

expressed as Mean ± SEM and analyzed by 

unpaired T- test for comparison between 

the two groups. 

 
 

Table 1:  Area of peak of PAH at a concentration range of 0.1∼30 μg/ml 
Concentration of PAH (µg/ml) Area of Peak 

0.1 255 

1 1555 

10 7632 

20 15739 

30 26021 

 
 
 
 

 
 

Figure 1: Standard curve of PAH at a concentration range of 0.1∼30 μg/ml 
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RESULTS 

Mean plasma Concentration 

Mean plasma concentration of PAH in the 

blood samples withdrawn at 5, 10, 20, 30, 

45, 60, 90, and 120 minutes of rats grouped 

under control and  test with their Standard 

error calculated for six rats. Student 

unpaired t – test was applied to compare the 

mean plasma concentration values of test 

with standard. Except for the time intervals 

05 minutes, the P-values obtained are less 

than 0.05. Hence there is a significant 

difference exists in plasma concentration-

time profiles of PAH between control and 

test (Table 2, Figure 2). 

Pharmacokinetics parameters  

Mean data of Pharmacokinetic Parameters 

(k10 = Elimination rate constant, t1/2 α= 

Distribution half-life, t1/2 β= Elimination 

half-life, Vss= Steady state Volume of 

distribution, Vc = Volume of distribution of 

Central Compartment, CL = Clearance, 

AUC0-t = Area under the curve from 0 to 

time t, AUC0-inf = Area under the curve 

from 0 to infinity) of PAH and their 

standard error calculated for six rats, when 

given through IV route in rats grouped 

under Control and Test. Student unpaired t 

– test was applied to compare the mean 

pharmacokinetic values of control and test 

groups. The P value of k10, t1/2β, Vss, CL, 

AUC0-t and AUC0-inf are less than 0.05. 

Hence, there is a significant difference in 

these pharmacokinetic parameters of p-

aminohippuric acid between control and 

test. Whereas t1/2α and Vc P-values are 

more than 0.05, indicating no significant 

difference between control and test (Table 

3, Figure 3). 

 

 

Table 2: Mean Plasma Concentration-Time profile of PAH in Control and Test groups when given through IV route 

TIME 

(min) 

MEAN CONCENTRATION 

(µg/ml) ± STANDARD ERROR 

(n=6) (CONTROL) 

MEAN CONCENTRATION (µg/ml) 

± STANDARD ERROR (n=6) (TEST) 

 

P Value 

05 8.210±0.281 8.410±0.281 1.0000 

10 4.543±0.091 4.972±0.028 0.0012 

20 2.583±0.1336 3.698±0.045 0.0001 

30 1.788±0.070 3.022±0.015 0.0001 

45 0.7400±0.014 2.702±0.034 0.0001 

60 0.6588±0.018 2.243±0.069 0.0001 

90 0.4913±0.016 1.580±0.031 0.0001 

120 0.4475±0.018 0.755±0.038 0.0001 
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Figure 2: Mean Plasma-Concentration time profile graph with standard error (n=6) of PAH in Control & Test group 

rats plotted in normal scale with Graph pad Prism. 
 

 

 

Table 3: Pharmacokinetic Parameters of PAH when given through IV route in Control and Test groups. 

 

S. No. 
PARAMETER CONTROL (n=6) 

TEST 

(n=6) 
P VALUE 

1 k10 (min-1) 0.104±0.013 0.049±0.005 0.0037 

2 t1/2α (min) 3.020±0.534 2.492±0.152 0.3641 

3 t1/2β (min) 25.05±3.929 56.62±1.403 0.0001 

4 Vss (ml/kg) 2.417±0.241 3.312±0.111 0.0072 

5 Vc (ml/kg) 1.005±0.146 1.002±0.119 0.9849 

6 CL (ml/kg/min) 0.096±0.002 0.046±0.000 0.0001 

7 AUC0-t (μg/ml*min) 205.1±5.694 425.4±3.111 0.0001 

8 AUC0-inf (μg/ml*min) 209.1±5.381 430.0±3.304 0.0001 
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Figure 3: Pharmacokinetic Parameters of PAH when given through IV route in Control and Test groups are shown 

from 3A to 3H 
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DISCUSSION 

Pharmacokinetics of drugs is substantially 

influenced by the deliberate or passive 

intake of many chemical substances that 

man is increasingly being exposed to either 

in his environment, for medical reasons or 

as a result of patient’s lifestyle. These 

chemical substances are derived from a 

variety of sources and include 

pharmaceutical products, cosmetics, food 

additives and industrial chemicals. While it 

is clear that the ingestion of drugs, and to a 

certain extent food additives is predetermined, 

a conscious act and many of the chemicals 

enter the body by more subtle means, as 

exemplified by the pollution of food chains 

by insecticides and the accidental 

(sometimes intentional) exposure to 

industrial chemicals and solvents from the 

environment. It is clear that man is either 

intentionally or accidentally exposed to 

many chemical substances that have 

potential to alter drug pharmacokinetics. 

Accordingly, it is the purpose of this 

present study to evaluate the inhibition 

effect of Decalepis hamiltonii, the phenolic 

acid rich bio-insecticidal plant aqueous root 

extract - a major component in ayurvedic 

preparations and summer drink Nannari. To 

evaluate the hypothesis that, AREDH 

(phenolic acid rich extract) inhibits the 

hOAT1 and decreases the elimination of 

hOAT1 substrate when consumed together 

and precipitate the herb-drug interaction, 

PAH is taken as the probe substrate. 

Bioavailability of PAH administered 

through IV route depends on systemic 

clearance. PAH is cleared by both filtration 

in glomerulus and secretion by OAT1 in 

proximal tubules. Hence, altering the 

activity (induction or inhibition) of OAT 

transporters may affect the bioavailability 

of PAH. Animals (rats) were grouped into 

two ‘Control’ and ‘Test’ with 6 rats in each 

group. Control group and Test group 

animals received 2ml of de-mineralized 

water and AREDH (200mg/kg) 

respectively for 28 days. On 28th day after 

treatment, PAH (20mg/kg) was 

administered as IV bolus and the blood 

samples were withdrawn from retro-orbital 

plexus serially (5, 10, 20, 35, 45, 60, 90 & 

120min) and serum was separated by 

centrifugation for HPLC analysis of PAH. 

Plasma concentration Vs time plots and the 

pharmacokinetic (PK) parameters were 

calculated by using the PK solver software. 

The PK parameters of PAH were calculated 

from plasma concentration Vs time profile 

of each rat in control and test groups (n=6) 

and mean ± SEM was used to compare PK 

parameters. Student unpaired t-test was 

used to compare the mean of PK 

parameters of control and test groups. 

When plasma concentration Vs time 

profiles of control group and test groups 

were observed, there was a rapid fall in the 

concentration of PAH from 5min to 10min, 
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indicates the rapid distribution of PAH into 

the tissues and confirms its two 

compartment kinetics. In addition to this, 

there was no significant difference in 

Distribution half life (t1/2α) was observed. 

Further, significant decrease in Clearance 

(CL) and Elimination rate constant (k10) of 

PAH in test group was observed when 

compared to CL & k10 of PAH in control 

group. As there was a significant decrease 

in Clearance of PAH in test group, the PAH 

retained in the body and significant 

increase in Elimination half-life (t1/2β) and 

AUC0-∞ of PAH was observed in test 

group, compared to t1/2β and AUC0-∞ of 

PAH in control group. In addition to this, 

there was a significant increase in Steady 

state Volume of distribution (Vss) was 

observed. All these observations are 

correlated with the study done. with the 

individual phenolic acids incubated with 

PAH, reduced the accumulation of PAH 

inside the stably transfected Chinese 

hamster ovary (CHO-hOAT1) cells, 

indicating their inhibitory effect on hOAT1 

transporter [17].  Hence, the pretreatment 

with AREDH has generated the anions of 

phenolic acids, which acted as substrates 

and inhibitors on rat oat1 (homologous to 

hOAT1) and inhibited the elimination of 

PAH by oat1 transporter in the proximal 

tubules of nephron and further, increasing 

the bioavailability of PAH.  

 

CONCLUSION  

In conclusion, the co-administration of 

Nannari juice with any hOAT1 substrate 

(ACE inhibitors, angiotensin II receptor 

antagonists, diuretics, HMG CoA reductase 

inhibitors, β-lactam antibiotics, antineoplastic 

and antiviral drugs, and uricosuric drugs 

etc.) results in decrease in clearance and 

increase in the bioavailability and half-life 

of the substrate drugs and may precipitate 

the drug interactions. Further, confirmation 

is warranted with clinical trials. 
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