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ABSTRACT

Objectives: An orally administered anticancer drug has been poor drug absorption; drug resistance and metabolism, which alters the bioavailability 
of drugs. An in situ intestine perfusion technique is developing under the different perfusion rates in the presence of drug inducers and inhibitors of 
cytochrome isoenzyme-P (CYP)-3A4 and P-glycoprotein (P-gp) for drug concentrations.

Materials and Methods: The modified in situ intestinal perfusion technique was developed and followed to obtain the portal and hepatic venous 
blood samples paralleled at different perfusion time and flow rates of 0.05, 0.1, 0.5, and 1.0 mL/min using the imatinib (1 mg/mL) drug alone and 
in the presence of drug inducer and drug inhibitor for the period of 3 h. The imatinib drug concentrations were assayed using high-pressure liquid 
chromatography.

Results: The results reveal that the mean imatinib drug concentrations in portal vein were higher than hepatic vein at various perfusion flow rates 
and time intervals were observed. The area under curve and plasma drug concentrations maximum of imatinib alone absorptions were significantly 
different between portal and hepatic veins (p<0.05) at the flow rates of 0.5 and 1.0 mL/min and also in the presence of drug inducer and inhibitors 
that indicating for the considerable hepatic involvement in the presystemic extraction or metabolism of drugs.

Conclusions: The in situ perfusions approach could provide the useful tool for improving the basic understanding of absorption kinetics and hepatic 
metabolism of drugs in the presence of drug inducers and drug inhibitors (CYP3A4 and P-gp) under the development and facilitating the clinical 
applications.
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INTRODUCTION

Oral administered drugs have been more convenient, easy, and high 
patient compliance. The different dosage forms of drugs were altered 
the pharmacokinetic and pharmacodynamic parameters [1]. The 
less oral bioavailability of drugs may be affected of drug metabolism 
by cytochrome isoenzyme-P (CYP)-450 enzymes family and other 
drug efflux transporter proteins of P-glycoprotein (P-gP) [2]. If the 
administered drugs may not be reached into the systemic circulation 
until the large doses were given, the natural bioenhancers or plant-
based molecules were reduced the risk of drug resistance, rapid 
metabolism of drugs, and minimize the drug toxicity and they can 
improve the oral bioavailability [3,4].

The oral bioavailability of imatinib drug always depends on the 
transporter proteins of P-gP and metabolic enzyme of CYP3A4. The 
pharmacokinetics area under curve (AUC) of imatinib was affects 
when coadministered with the drug inducer and inhibitors [5-7], 
but the imatinib anticancer effect was depended on the plasma 
concentrations of drug [8-10]. Curcumin is a natural phytochemical 
have been multifunctional agent, which is also reduce the risk of 
cancer; therefore, in the combination of curcumin with imatinib can 
improve the pharmacokinetics and pharmacodynamic parameters of 
the drug [11]. The transportation of drug molecules and across the 
cell membrane and reached into the blood was also important aspect 
of drug absorption and plasma concentrations of the drug [12,13]. 
The herbal drugs have been playing a major role an effect on drug 
absorption, drug metabolism, and drug transporters functions such as 
P-gP and CYP3A4. In this study, we investigated the effects of curcumin 

on drug absorption and drug metabolism in the presence of drug 
inducers and drug inhibitors.

MATERIALS AND METHODS

Male Wister rats were selected and weighed about 150–250 g, obtained 
from Sainath Agencies, Hyderabad, India. They were housed in cages at 
a room temperature around 20–22°C and 12 h day-night light cycle, all 
animals were free access to water and feed, then used for experimental 
study after acclimatization period and approval of the study protocol 
by the Institutional Animal Ethics Committee of the Viswabharati 
Education Society (CPCSEA/VBES/001/2017), Kishanpura, Warangal, 
Telangana State, India.

The study design as follows: All rats were divided into three groups 
(n=6).
•	 Group I: Treated with imatinib only (CYP3A4 and P-gp substrate)
•	 Group II: Curcumin pretreated 1 h before the study with imatinib 

(perfusion studies) (CYP3A4 and P-gp inhibitor)
•	 Group III: Phenytoin pretreated was coadministered along with buffer 

containing imatinib (100 µg/mL) (CYP3A4 and P-gp inducer).

In situ single-pass intestinal perfusion
The perfusion technique procedure was followed from Yu et al. with 
the minor modifications, as rats were fasted 16 h before the perfusion 
study; all the rats were anesthetized with 3.5% pentobarbital solution 
(1 mL/kg, i.p.) and made a gentle midline incision. 15 cm small intestine 
region was selected for inlet at the proximal end of duodenum and 
outlet was at the distal end of ileum; they were tied with the cannulation 
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tubes. Before perfusion of the drugs, the intestinal lumen was cleaned 
with isotonic saline; then, the inlet perfusion tube was filled and 
perfused by warmed (37°C) imatinib drug solution alone and followed 
in the presence of curcumin, phenytoin at the flow rates of 0.05, 0.1, 
0.5, and 1.0 mL/min using with a peristaltic perfusion pump. The first 
few minutes of drug perfusion period were set as the lag time period 
and the collection of blood samples was initiated after the lag period, 
during the experiment, the intestine was covered and moistened with 
cotton gauze of warm saline (37°C) and also kept it for warming effect 
over the small intestine using the small lamp was placed throughout the 
experiment [14].

Pharmacokinetic studies and sample preparation
The blood samples were collected as per the study designs of 
Kukan’s liver perfusion procedure [15] and using the intravenous 
(i.v.) catheters for sampling of portal and hepatic venous blood, they 
were, 24-gauge i.v. catheter was inserted into the portal vein and 
18-gauge i.v. catheter was inserted into the junction of the hepatic 
vein and also collected the samples from intestine perfusate. At 
the end of the lag time, 0.4  mL of blood sample was drawn using 
with alternate syringes from both catheters over a period of 3  h 
at the time intervals of 0, 5, 15, 30, 60, 90  120, and 180  min then 
centrifuged the blood samples at 3000  g for 15  min at 4°C, plasma 
samples were separated and modified for high-performance liquid 
chromatography (HPLC) analysis. The plasma samples were taken 
in to clean and dry 2 mL Eppendorf tubes and added the 200 μL of 
acetonitrile, 150 μL of internal standard solution then vigorously 
shaken for 5 min and centrifuged at 2500 rpm for 10 min at 4°C using 
with cooling centrifuge. The upper organic layer was transferred to 
a clean tube and evaporated at room temperature. The residue was 
dissolved in 500 µL of the mobile phase (50 mM phosphate buffer 
pH  3.5/acetonitrile: 60/40%) and 3  mL of n-hexane. The dissolved 
sample was vortexed for 5 min and then centrifuged (4°C, 12,000 g, 
and 10 min). The upper organic layer was discarded and the eluent 
was used for HPLC analysis of imatinib.

RESULTS

The results of portal, hepatic plasma, and intestinal perfusate drug 
concentrations of imatinib (1  mg/mL) were obtained by in situ 

single-pass intestinal perfusion technique under the four different 
flow rates (0.05, 0.1, 0.5, and 1.0  mL/min) and 3  h time intervals. 
The mean imatinib alone and in the presence of curcumin, the drug 
concentrations were significantly (p<0.001) higher in portal vein and 
in intestinal perfusate than in the hepatic veins, which indicate that the 
presystemic metabolism of imatinib in the liver is considerable. In the 
presence of drug inducer (phenytoin), plasma imatinib concentrations 
were very low at various flow rates compared with the P-gp and CYP 
inhibitor (curcumin) at different time points. At the 1.0 mL/min flow 
rate of imatinib, perfusate was observed the very low concentrations 
of the two venous groups and intestine perfusate was significantly 
different (p<0.05) at all-time points of the study.

The pharmacokinetics were extended (AUC0–3h) and the maximal plasma 
concentrations (Cmax) of imatinib absorption between the portal, hepatic 
venous, and intestinal perfusate groups were significantly different in the 
presence of the drug inducers and inhibitors (AUC0–3h = 4796.32±216.7 vs. 
6127.35±211.9  µg/min/mL; Cmax = 43±2.3  vs. 76±2.5  µg/mL, 
AUC0–3h = 2987.76±121.76  vs. 4756.34±176.4  µg/min/mL; Cmax = 
24±3.5 vs. 40±3.3 µg/mL, AUC0–3h = 8070.66±23.68 vs. 1205.98±33.65; 
Cmax =71±5.32  vs. 105±13.9) (p<0.05) (Tables  1-3). The results were 
evaluated using linear trapezoidal method. Further, comparative 
analyses of AUC0–3h, within both portal and hepatic groups the 
absorption process were seemed to differ that lower Cmax due to higher 
flow rates (Fig. 1a) and longer Tmax (Fig. 1b) were observed, in addition 
also increased the AUC0–3h (Fig.  1c). The absolute bioavailability was 
correlated inversely with perfusion flow rates and time period, the high 
amount of drug absorptions was taken place at lower flow rates and 
long duration and also depends on drug inducers and drug inhibitors.

DISCUSSION

An in situ intestinal drug perfusion method may provide the best to 
understand the absorption of the drugs which is very close to intact 
blood circulation may increase the drug uptake and drug metabolites 
disposals [16]. The blood drawing through jejunal vein is to determine 
the drug absorptions [17,18] and the first-pass metabolism in the liver 
as well as in the intestine [19,20]. It is known as the drug metabolizing 
enzyme cytochrome P450 located in the liver and the P-gp transporter 
proteins present in the intestine, liver, lungs, and cardiovascular 

Table 1: Pharmacokinetic parameters of imatinib after in situ single‑pass intestinal perfusion of imatinib (1 mg/min) to anesthetized 
rats in the presence of cytochrome isoenzyme‑P3A4, P‑glycoprotein drug inducers, and inhibitors in portal vein

Pharmacokinetics Portal vein concentrations

Phenytoin+imatinib
(Mean±SD)

Imatinib
(Mean±SD)

Curcumin+imatinib
(Mean±SD)

Verapamil+imatinib
(Mean±SD)

Cmax (µg) 43±2.3 53±2.4 62±3.1* 76±2.5*

Tmax (min) 120±8.4 120±9.2 120±12.1 120±6.9
AUC0–3h 4796.32±216.7 4509.5±341.9 6127.35±211.9* 4899.56±265.8*
AUC0–inf 4824.48±436.8 4665.3±216.3 6469.87±362.8* 4942.43±126.4*
t1/2 2.0 1.9 1.9 1.8
*p<0.05 represents that statistically significant results when compared with drug inducers and inhibitors (n=6). AUC: Area under curve

Table 2: Pharmacokinetic parameters of imatinib after in situ single‑pass intestinal perfusion of imatinib (1 mg/min) to anesthetized 
rats in the presence of cytochrome isoenzyme‑P, P‑glycoprotein drug inducers, and inhibitors in hepatic vein

Pharmacokinetics Hepatic vein concentrations

Phenytoin+imatinib
(Mean±SD)

Imatinib
(Mean±SD)

Curcumin+imatinib
(Mean±SD)

Verapamil+imatinib
(Mean±SD)

Cmax (µg) 24±3.5 26±2.1 34±3.8* 40±3.3**
Tmax (min) 90±7.54 90±8.43	 120±8.33* 120±9.12*
AUC0–3h 2987.76±121.76 3438.89±223.71 3657.87±134.52* 4756.34±176.4**
AUC0–inf 3056.98±326.2 3475.18±231.4 3754.54±213.9* 4818.65±231.3**
t1/2 1.9 1.9 1.8 1.9
**p<0.01 and *p<0.05 represent that statistically significant results when compared with drug inducers and inhibitors (n=6). AUC: Area under curve
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Fig. 1: (Mean±standard deviation) Comparison of portal, hepatic, and intestinal perfusions at the junction of the hepatic vein, intestinal 
perfusate, and inferior vena cava; (a) maximal plasma concentration, (b) time to achieve maximal concentration, and (c) area under 

the curve at different perfusion flow rates by in situ single-pass intestinal perfusion of imatinib (1 mg/min) during the 3-h study in rats. 
*Pre- and post-hepatic values were significantly different at the designated flow rates (p<0.05, paired t-test). Results are given as mean ± 

standard deviation (n=6)

b

c
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Table 3: Pharmacokinetic parameters of imatinib after in situ single‑pass intestinal perfusion of imatinib (1 mg/min) to anesthetized 
rats in the presence of cytochrome isoenzyme‑P, P‑glycoprotein drug inducers, and inhibitors in intestinal perfusate concentrations

Pharmacokinetics Intestinal perfusate concentrations

Phenytoin+imatinib
(Mean±SD)

Imatinib
(Mean±SD)

Curcumin+imatinib
(Mean±SD)

Verapamil+imatinib
(Mean±SD)

Cmax (µg) 71±5.32 88±6.4* 94±7.5* 105±13.9*
Tmax (min) 120±6.45 120±28.4 120±19.6 120±23.5
AUC0–3h 8070.66±23.68 9856.55±45.87* 1133.45±56.32* 1205.98±33.65**
AUC0–inf 8142.76±34.6 1043.77±64.37* 1164.66±78.31* 1223.77±42.19**
t1/2 (h) 1.9 1.9 2.1 1.9
**p<0.01 and *p<0.05 represent that statistically significant results when compared with drug inducers and inhibitors (n=6). AUC: Area under curve
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systems, in our results, the curcumin coadministration is modulated 
the metabolizing enzyme CYP3A4 and efflux drug transporters P-gP 
expressions in liver and intestine and increased the bioavailability of 
imatinib, which reveals the previous study reports [21,22]. The results 
represent that the hepatic vein plasma concentration is lower than 
the jugular blood vessel plasma concentrations, which indicates the 
first-pass metabolism of drugs [23,24] and controlled the extrahepatic 
systemic metabolism of imatinib during the movement between the 
hepatic vein and other blood collecting sites, due to in the presence of 
curcumin. Imatinib is an anticancer drug characterized to metabolized 
by CYP3A4 and efflux in intestine due to the P-gP transporters, the 
present study executes that imatinib is administered in the presence 
of curcumin could control the drug metabolism and drug resistance, 
which can increase the AUC and Cmax, due to the drug inhibitor effect of 
curcumin, which is support to the previous reports of Zhang et al. [25]. 
This study result reveals that the flow rate and duration of the perfusions 
can affect on plasma concentration of imatinib and the drug absorption 
was improved from rat intestine with curcumin coadministration. The 
approaches described in this study will be a useful tool for improving 
the drug absorption kinetics [26,27].

The herbs also used in the treatment of cancer, they contain antioxidants 
and flavonoids having multifunctional properties and easily available in 
nature [28].

CONCLUSIONS

Using in situ single-pass intestinal perfusion combined with direct 
sampling of portal and hepatic venous blood, to evaluate the function 
of drug perfusion flow rate, duration, and the presence of drug inducers 
and drug inhibitors, the respective plasma concentration-time profiles 
of imatinib absorption were improved in the presence of curcumin from 
rat intestine. This study is useful for understanding the drug absorption 
and metabolism.
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