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INTRODUCTION 

Today, at least 60 % of all drugs are administered via the 

oral route (1) not least due to the low level of invasiveness 

and high patient compliance of this administration route 

However, one of the main challenges with oral drug 

delivery is the increasing number of poorly water soluble 

drugs, belonging to class II and IV in the Biopharmaceutics 

Classification System (BCS) (2). To investigate the oral 

absorption of these drugs, in situ intestinal perfusion studies 

in rats are frequently used due to their good correlation with 

human intestinal permeability studies(3). 

To obtain a better oral bioavailability, one strategy is to 

increase the concentration of drug in solution in the 

intestinal lumen. For BCS class II and IV drugs, it can be 

necessary to create a supersaturated concentration in the 

lumen, in order to increase absorption. This can be 

generated e.g. by a supersaturating drug delivery system. 

By using a precipitation inhibitor, such as hydroxypropyl 

methylcellulose (HPMC), the time a drug can stay 

supersaturated can be prolonged by slowing down 

nucleation kinetics or inhibiting crystal growth(4). 

The aim of the current study was to validate an in situ 

perfusion model in rats, and to evaluate the behaviour and 

absorption of supersaturated solutions of the model drugs, 

indomethacin and tadalafil, respectively. Furthermore, the 

effect of HPMC as a precipitation inhibitor was 

investigated.  

 

 

 

 

 

 

 

MATERIALS AND METHODS 

Experimental 

Sprague-Dawley rats were fasted for 1 h prior to the in situ 

perfusion studies. The rats were anesthesized and a 

laparotomy was performed; 2.5 cm caudal to the ligament 

of Treitz, a 20 cm intestinal segment was isolated and 

connected to plastic tubes (Figure 1. A). The proximal end 

of the segment was attached to a syringe pump. The 

intestinal segment was cleaned with Fasted State Simulated 

Intestinal Fluid (FaSSIF) at 37°C, followed by injection of 

0.5 mL dimethyl sulfoxide (DMSO) containing the drug in 

solution (Table 1) (Figure 1B). The rat was perfused with 

FaSSIF or 0.1 % w/v HPMC/FaSSIF at 0.2 mL/min for 60 

min, and the perfusate was collected (Figure 1C). In 

addition, blood was sampled from the tail vein at selected 

timepoints over the 60 min (Figure 1D). All samples were 

analyzed by HPLC-UV (indomethacin) or HPLC-

Fluorescence (tadalafil). The precipitate collected from the 

perfusate was analyzed by X-ray powder diffraction 

(XRPD). A rheological characterization of FaSSIF and 

0.1% w/v HPMC/FaSSIF was also carried out. 

 

RESULTS & DISCUSSION 

For indomethacin, the in situ intestinal perfusion model 

resulted in dose linearity when plotting the area under the 

curve (AUC0-60 min) against the five drug doses (Figure 2A). 

In contrast, for tadalafil, dose linearity could not be shown 

above 15 mg when perfusing with FaSSIF (Figure 2B). 

Adding HPMC to the perfusate resulted in a decreased 

absorption at lower doses, which was only significant for 

tadalafil (Figure 2C&D). This also resulted in a later Tmax 

for both drugs when HPMC was added to the perfusate 

(Figure 2D). This can possibly explained by the higher 

viscosity found for the 0.1 % w/v HPMC/FaSSIF compared 

to pure FaSSIF. 

 

Drug  Dose ( (dissolved in 0.5 ml 

DMSO) (mg) 

Indomethacin 1, 2, 5, 10, 20  

Tadalafil 2, 5, 15, 20  

Figure 1. Schematic presentation of the in situ 

intestinal perfusion model in rats. 

 

Table 1. Drug concentrations given as a one-time bolus  

directly to the small intestine. 
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Figure 2. In situ perfusion in rats. A) AUC0-60 min of indomethacin plasma concentrations as a function of dose administered. B) 

AUC0-60 min of tadalafil plasma concentrations gathered, as a function of dose administered. C) Plasma concentrations of 20 mg 

indomethacin perfused in FaSSIF and 20 mg indomethacin in 0.1 % w/v HPMC/FaSSIF. D) Plasma concentrations of 20 mg 

tadalafil perfused in FaSSIF and  in 0.1% w/v HPMC/FaSSIF. Data are presented as mean ±SEM. E)  XRPD diffractograms of the 

precipitate from the perfusate containing 20 mg of indomethacin and F) tadalafil after 1 min and after 5 min of perfusion. 

XRPD of the precipitate of the perfusate showed that 

indomethacin precipitated in an amorphous form, while for 

tadalafil, crystalline drug was confirmed to be present in the 

precipitate. This might explain the later Tmax (Figure 2C) 

indicating a delayed absorption over the intestinal 

membrane.    

CONCLUSION 

Dose linearity was shown for indomethacin absorption. 

XRPD of the perfusate did show that indomethacin appears 

to precipitate in its amorphous form, where the 

diffractogram of tadalafil rather appears crystalline. Dose 

linearity of tadalafil seemed to be lost after 15 mg dosing 

(30 mg/mL) in the perfusion model. The plasma 

concentrations resulted in a delayed Tmax for tadalafil when 

perfused with 0.1 % w/v HPMC/FaSSIF compared to when 

no HMPC was present. A possible explanation is a higher 

viscosity of the 0.1% w/v HPMC/FaSSIF than for the pure 

FaSSIF, and/or an inhibiting effect on nucleation and 

crystal growth by HPMC. The in situ perfusion model in 

current study gave excellent possibilities to collect and 

study precipitated material in a live animal model, and 

could without further modifications be used over a longer 

time period to study the effect of various polymers on the 

precipitation process.  
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