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Abstract 
  
 
Objectives To assess the role of intestinal lymphatic transport in the oral bioavailability and 

brain deposition of a highly lipophilic, centrally-acting drug candidate (Org 49209) in 

comparison to cholesterol, a close structural analogue.  

Methods The intestinal lymphatic transport of Org 49209 and cholesterol was assessed in 

lymph-cannulated anaesthetised rats and total bioavailability evaluated in non lymph-

cannulated animals. Parallel groups were employed to examine the brain deposition of Org 

49209 after intraduodenal and intraperitoneal administrations.  

Key findings The contribution of intestinal lymphatic transport to total bioavailability was  

similar for Org 49209 and cholesterol (approximately 40% of the absorbed dose). However, 

the oral bioavailability of Org 49209 was significantly (4 fold) lower than cholesterol. Brain 

deposition of Org49209 was similar after intraduodenal and intraperitoneal administration. 

Systemic exposure, however, was higher after intraduodenal administration and brain-to-

plasma ratios were therefore reduced. 

Conclusion The oral bioavailability of Org 49209 was significantly lower than that of its 

structural analogue cholesterol however, intestinal lymphatic transport played a similar role in 

oral bioavailability for both compounds. Brain to plasma ratios were lower after intraduodenal 

versus intraperitoneal administration, suggesting that drug association with intestinal lymph 

lipoproteins may limit CNS access for highly lipophilic drugs.  

 

Keywords: Lymphatic transport, oral bioavailability, drug absorption, brain deposition, poorly 

water soluble drugs, lipid-based formulation   
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Introduction 
  
In recent years, N-Methyl-D-Aspartate (NMDA) modulators have been suggested to offer 

therapeutic potential in the treatment of schizophrenia, where dysfunctional activity at the 

NMDA receptor in the brain is thought to be responsible for symptoms of schizophrenia and 

neurodegenerative diseases including Parkinson's disease, Alzheimer's disease and major 

depression [46; 32; 1; 34; 65]. Org 49209 is a highly lipophilic (log P 6.8) and poorly water 

soluble (<1mg/L) positive allosteric N-Methyl-D-Aspartate (NMDA) receptor modulator that is 

structurally analogous to cholesterol (Ch) (Figure 1). In spite of promising in vitro 

pharmacological activity, however, the oral bioavailability of Org 49209 is low (<1%) and like 

many new drug candidates [35; 36; 38], limited by poor drug dissolution and solubility.  

 

Many approaches have been taken to enhance the oral bioavailability of poorly water soluble 

drugs [64]. In the current studies, lipid based formulations have been examined as a means 

of bioavailability enhancement for Org 49209, since the solubility of Org 49209 in lipids is 

reasonable (solubility in fractionated coconut oil >10 mg/g), and co-administration with lipids 

may be beneficial in promoting both absorption and lymphatic drug transport.  

 

Drug administration in long chain lipid-based formulations has the potential to stimulate 

intestinal lymphatic transport for highly lipophilic drugs (typically drugs with long chain lipid 

solubilities >50mg/g and high (>5) log Ps [22; 31; 55], or compounds with lower lipid solubility, 

where affinity for lymph lipoproteins such as chylomicrons and VLDL is high [6; 58; 56]). 

Stimulation of intestinal lymphatic transport may enhance oral bioavailability by avoiding first-

pass metabolism since drugs transported via the intestinal lymphatics empty directly into the 

systemic circulation and bypass liver metabolism [22; 31; 59]. Whilst the lipid solubility of Org 

49209 is lower than that typically expected to be required to facilitate intestinal lymphatic 

transport [9], its structural similarity to cholesterol suggests the potential for esterification and 

incorporation into lipoprotein assembly pathways, in an analogous fashion to that of 

cholesterol/cholesterol ester[27; 40; 2; 25; 50; 44; 13].  

 

The proportion of drug delivered to the systemic circulation via the lymph or the portal blood 

may be influenced by the type of co-administered lipid and the degree of dispersion of the 

formulation [43; 4; 23; 30; 44]. This has the potential for therapeutic implications if, for 

example, entry into the systemic circulation in association with lymph lipoproteins has an 

impact on clearance and volume of distribution [28; 17; 7], and where these changes lead to 

changes to drug activity and toxicity [17; 18; 63]. This may be foreseen if the route of 

absorption (portal vs. lymphatic) is inadvertently altered via seemingly subtle changes in 
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formulation components (e.g. substitution of long vs. medium chain length lipids) or by dosing 

in the fed rather than fasted state. For centrally acting compounds such as Org 49209, it is 

also possible that drug delivery to the systemic circulation in association with lymph 

lipoproteins may have an impact on drug access to the brain and therefore CNS availability 

and activity. Recent studies from our laboratories and others (31, 34), have shown that the 

systemic exposure, clearance and disposition patterns of highly lipophilic drugs may be altered 

when the drug enters the systemic circulation in association with lymph lipoproteins as 

opposed to plasma. To this point, however, it is not known whether intestinal lymphatic drug 

transport is likely to limit the CNS exposure of highly lipophilic compounds.  

 

The aim of the current study was therefore to assess the contribution of intestinal lymphatic 

transport to the oral bioavailability of the highly lipophilic drug candidate Org 49209 and to 

compare the data obtained to the close structural analogue cholesterol. The effect of changes 

to the mass of co-administered lipid/surfactant on the intestinal lymphatic transport of Org 

49209 was also evaluated. In addition, to assess the impact of intestinal lymphatic transport 

and route of administration on CNS exposure, the brain deposition of Org 49209 was 

evaluated after intraduodenal and intraperitoneal administrations. This is the first study to 

examine the influence of intestinal lymphatic drug transport on the brain exposure of a 

lymphatically transported drug and also confirms the utility of lipid based formulations in 

enhancing lymphatic drug transport. 
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Materials and Methods 
 
 
Chemicals 
 
14C-Org 49209 and Org 49209 were kind gifts from Organon, Oss, Netherlands. 3H-cholesterol 

(Perkin Elmer Life Sciences, MA, USA), cholesterol and oleic acid (Sigma Chemicals, 

Australia), Capmul MCM (Abitec Corporation), Tween 80 (BDH Chemicals, Australia) and 

normal saline for injection (Baxter Healthcare, Australia) were purchased from the listed 

suppliers. Water was obtained from a Milli-Q (Millipore, Milford, MA) purification system. 

Ketamine, xylazine (Ilium Ketamil and Xylazil, Troy laboratories, Australia) and 

acepromazine (Delvet, NSW, Australia) were used for surgical anaesthesia. Irgasafe plus 

(Perkin Elmer Life Sciences, MA, USA) liquid scintillation cocktail was used for liquid 

scintillation counting of radioactivity. Polyethylene (PE) and polyvinyl chloride (PVC) cannulae 

with 0.96 and 0.58 mm and 0.8 and 0.5 mm external and internal diameters were obtained 

from Microtube Extrusions, NSW, Australia. All other chemicals were analytical reagent grade. 

 

Animal procedures 

 

All experimental procedures were approved by the local institutional animal ethics committee 

(Monash University Parkville Campus Animal Ethics Committee, date of approval 7th June 

2007, AEC number VCPA2007.26 (RSC.1.2007)). Male Sprague-Dawley rats (275 – 300 g) 

were used in these studies and rats were anaesthetised during the surgical procedures and 

throughout the experimental period without recovery from anaesthesia. 

Ketamine/xylazine/acepromazine (KXA) cocktail containing 38 mg ketamine, 9.5 mg xylazine, 

0.48 mg acepromazine per mL was used to induce deep surgical anaesthesia and muscle 

relaxation. KXA cocktail was made up of (by volume) 4 parts of ketamine (100 mg/mL), 1 part 

xylazine (100 mg/mL), 0.5 parts acepromazine (10 mg/mL) and 5 parts of water for injection. 

Anaesthesia was induced by subcutaneous administration of 1 mL/kg of KXA. To maintain 

anaesthesia, subsequent doses (0.5 mL/kg) of ketamine/acepromazine (KA cocktail) were 

administered subcutaneously every hour. The KA maintenance cocktail contained (by volume) 

1 part ketamine (100 mg/mL) and 0.1 parts acepromazine (10 mg/mL) (containing 

approximately 90 mg ketamine and 0.91 mg acepromazine per mL). Animals under 

anaesthesia were placed on a heated (37C) surgical board throughout surgery, dosing and 

sampling. The level of anaesthesia was continuously monitored during the experiment by paw 

pinch and eye blink reflexes. At the end of the experiment, animals were humanely killed by 

slow lethal injection of pentobarbitone (200mg/kg). 

Formulation preparation and sample analysis 
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For intestinal lymphatic transport studies of Org 49209, three different lipid-based formulations 

were employed containing (1) 0.5 mg/kg Org 49209 dissolved in 50 mg oleic acid (OA) 

emulsified in 0.25% w/v Tween 80 in 3 mL normal saline (NS); (2) 5 mg/kg Org 49209 

dissolved in 200 mg OA:Capmul (1:1 w/w) emulsified in 1% w/v Tween  80 in 3 mL NS or (3) 

5 mg/kg Org 49209 dissolved in 300 mg OA emulsified in 0.25% w/v Tween 80 in NS 3 mL . 

All formulations contained a trace quantity of radiolabelled 14C-Org 49209 (1-2 µCi per 3 mL) 

to facilitate analysis and were infused intraduodenally to anaesthetised rats over 2 hours. 

Formulations 2 and 3 were employed to allow administration of a higher dose of Org 49209 (5 

mg/kg rather than 0.5 mg/kg in formulation 1) and required higher quantites of lipid in the 

vehicle to promote drug solubilisation. In formulation 2, a combination of OA and Capmul (and 

a lower total lipid load that formulation 3) and a higher quantity of surfactant was employed to 

improve initial formulation dispersion. 

 

For bioavailability studies in non lymph-cannulated animals, Org 49209 was administered at 

5 mg/kg in formulations 2 and 3 above. A comparator lipid-free formulation was also employed 

where Org 49209 was solubilised in 5% w/v Mulgofen (polyethoxylated oleyl alcohol, a non-

ionic emulsifier) in NS.  

 

For intestinal lymphatic transport studies of cholesterol, a lipid-based formulation analogous 

to Org 49209 formulation 1 above was able to solubilise 0.5 mg/kg and 5 mg/kg cholesterol. 

These formulations therefore contained 0.5 mg/kg or 5 mg/kg cholesterol in 50 mg oleic acid 

(OA) emulsified in 0.25% w/v Tween  80 in 3 mL NS. Formulations contained trace quantities 

of radiolabelled 3H-cholesterol (3-5 µCi per 3 mL) to allow analysis and were infused 

intraduodenally over 2 hours. For cholesterol bioavailability studies, the same formulation was 

employed at 5 mg/kg cholesterol ie 5 mg/kg cholesterol in 50 mg oleic acid (OA) emulsified in 

0.25% w/v Tween  80 in 3 mL NS 

 

Org 49209 or cholesterol was dissolved in the oil phase of the formulations by continuous 

vortexing over 1 min.  The aqueous phase, containing Tween® 80 in normal saline, was 

subsequently added drop wise over 2 mins under conditions of continual vortexing. The crude 

emulsion was ultrasonicated using a Misonix XL 2020 ultrasonic processor (Misonix, 

Farmingdale, NY) equipped with a 3.2 mm microprobe running for 3 mins at output 3. The 

particle size of all formulations was measured using a Zetasizer (Malvern Instruments, UK). 

Org 49209 formulations 1) 2) and 3) (as described above) had mean particle sizes of 225 nm, 



7 

 

290 nm and 420 nm respectively. The particle size of the cholesterol formulation was 230 nm. 

Previous studies suggest the likelihood of good absorption from anaesthetised animals from 

colloids this size [44; 47]. All formulations and biological samples were analysed on the day of 

dosing using a validated liquid scintillation counting assay [3]. 20 µL of dosing formulation was 

mixed with 2 mL of scintillation fluid (Irgasafe plus®, Perkin Elmer, MA, USA) in scintillation 

vials and vortexed for 30 sec and analysed by scintillation counting. Similarly, biological 

samples were prepared by mixing 20 µL of lymph or plasma with 2 mL of scintillation fluid, 

vortexed for 30 sec and counted for 2 min. For analysis of drug levels in the brain, the whole 

brain of each animal was removed and digested by mixing with 4 mL of Soluene® (Perkin 

Elmer, MA, USA) and incubated at 60C for 24 hours during which time samples were 

intermittently mixed. After 24 h, the digested brain content was bleached by slow addition (to 

control frothing) of three aliquots of 200 µL of hydrogen peroxide and subsequently mixed with 

15 mL of scintillation fluid. Samples were then covered in aluminium foil and stored in the 

fridge at 4°C overnight. After overnight incubation (to reduce background), samples were 

analysed by scintillation counting at 4°C. 

 

Experimental groups 

 

Lymph-cannulated animals (lymphatic transport) 

 

Lymph-cannulated rats (n=4 per group) had cannulae surgically implanted in the mesenteric 

lymph duct for lymph collection and duodenum for dosage administration as previously 

described [11]. For intestinal lymphatic transport studies of Org 49209, three parallel groups 

of anaesthetised lymph-cannulated rats were intraduodenally administered the three lipid-

based formulations described above (ie formulations 1, 2 and 3). For cholesterol, two parallel 

groups of animals were administered 0.5 mg/kg or 5 mg/kg cholesterol in formulation 1.  

 

Lymphatic transport of Org 49209 and cholesterol was determined by measurement of the 

concentration of radioactivity (14C-Org 49209 or 3H-cholesterol) in lymph samples in DPM/mL, 

conversion to mass per mL (mg/mL) using the specific activity of the radiolabel and the ratio 

of labelled to unlabelled drug or cholesterol in the formulation, and finally calculation of the 

mass of drug or cholesterol in lymph by correction for the volume of lymph collected at each 

time point. 

 

 

Non lymph-cannulated animals (bioavailability) 
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Rats (n=4 per group) had cannulae surgically implanted in the carotid artery for systemic blood 

sampling and duodenum for infusion of dosing formulation as previously described [11]. Total 

oral bioavailability of Org 49209 was determined in anaesthetised animals by measuring drug 

levels in systemic plasma over 8 h after intraduodenal administration of lipid based 

formulations 2) and 3) as described above. A control group of rats received a non-lipid based 

formulation containing 5 mg/kg Org 49209 in 5% w/v Mulgofen (polyethoxylated oleyl alcohol, 

a non-ionic emulsifier) in NS. In a parallel group of rats, cholesterol was intraduodenally 

administered at 5 mg/kg (including 3 µCi 3H-cholesterol), emulsified in 50 mg OA and 0.25% 

w/v Tween  80 in NS 3 mL. In all cases, systemic blood samples were taken at -5 min and 

0.5,1,2,4,6 and 8 h post administration of dosing formulations. 

 

The contribution of lymphatic transport to overall bioavailability was calculated by expressing 

the percent dose recovered in lymph in lymph-cannulated animals as a proportion of total 

bioavailability obtained in non lymph-cannulated animals. This method was preferred to 

obtaining lymph and plasma data in lymph-cannulated animals since previous studies have 

shown that this can lead to errors. In particular, when plasma is collected from lymph- 

cannulated animals and the total bioavailability in these animals estimated from adding the 

two contributions (lymph plus blood), bioavailability estimates are usually higher than that 

obtained in non lymph-cannulated animals[21; 5]. An explanation for this anomaly is not clear 

at this time, but may reflect differences in plasma clearance in animals where lymph is 

diverted.  

 

Intravenous control animals 

 

Rats were implanted with cannulae in the right jugular vein for intravenous administration of 

dosing formulations and left carotid artery for the sampling of systemic blood as described 

previously [11]. Two groups of anaesthetised IV control rats (n=4 per group) were 

administered with an IV dose of lipid-based emulsion containing (1) Org 49209 0.5 mg/kg and 

1 µCi 14C-Org 49209 dissolved in 100 mg/kg OA solubilised in 0.5% w/v Tween  80 in 0.3 mL 

NS or (2) cholesterol 0.5 mg/kg and 1.5 µCi 3H cholesterol in 50 mg/kg of OA with 0.5% w/v 

Tween 80 in NS 0.3 mL, respectively. Systemic blood samples were taken at 5 min pre-dose 

and 2, 5,10,20,30 min and 1, 2, 4, 6, 8 h post-dose to assess the absolute bioavailability of 

Org 49209 and cholesterol from these formulations. 

 

Non lymph-cannulated animals (brain sampling) 
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Two additional parallel groups of anaesthetised rats were also employed to examine Org 

49209 brain deposition after intraduodenal or intraperitoneal administration of radiolabelled 

Org 49209. For the intraduodenally dosed group, 5mg/kg Org 49209 was administered in a 

lipid-based formulation containing 200 mg of lipid (OA:Capmul 1:1 w/w) emulsified with 1% 

w/v Tween  80 in 3 mL NS and infused over 2 hours. The same dose (5mg/kg) of Org 49209 

was also administered as a slow intraperitoneal injection over 30 sec in the same formulation. 

In both cases, formulations contained 2-4µCi of 14C Org 49209 to allow quantification. For each 

route of drug administration, rat whole brains were removed pre-dose and at 2, 4, 6, and 8 

hours post-dosing (n=3 rats per time point) and samples analysed for 14C radioactivity. A 

terminal systemic blood sample was also taken by cardiac puncture at each time point 

immediately prior to brain sampling to allow calculation of brain to plasma ratios. 

 

 

Pharmacokinetics and statistical analysis 

 

The area under the plasma concentration time from time zero to the last measured 

concentration (AUC0-tz) was calculated using the linear trapezoidal method. The intravenous 

control group was used to estimate absolute bioavailability after intraduodenal and 

intraperitoneal administrations. Lymphatic drug transport is reported as cumulative per cent 

drug dose of drug recovered in the intestinal lymph over the 8 hours lymph collection period. 

Brain drug exposure is presented as the brain to blood ratio by comparing brain and systemic 

plasma drug concentrations after collecting whole brain samples and terminal systemic 

plasma samples from rats (n=3) at pre-dose and 2,4,6,8 h after drug administration. 

Statistically significant differences between groups were determined by student t-test for 2 

groups or one way ANOVA followed by the Student-Newman-Keuls test for multiple 

comparisons at a level of p<0.05. Statistical analysis was performed using SigmaPlot for 

Windows version 12.3.  
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Results and discussion 
 
 
Intestinal lymphatic transport of Org 49209 vs. cholesterol 
 
The intestinal lymphatic transport of Org 49209 (Figure 1), a novel highly lipophilic drug, and 

its structural analogue cholesterol (Ch) was compared after intraduodenal administration in 

lipid-based formulations comprising of 0.5 mg/kg Org 49209 or cholesterol dissolved in 50 mg 

oleic acid (OA) emulsified with 0.25% w/v Tween  80 in 3 mL normal saline (NS) or at a higher 

dose of 5 mg/kg Org 49209 dissolved in 200 mg  OA:Capmul (1:1 w/w) emulsified in 1% w/v 

Tween 80 in 3 mL NS or 5 mg/kg cholesterol dissolved in 50 mg OA emulsified in 0.25% w/v 

Tween 80 in 3 mL NS to parallel groups of mesenteric lymph duct cannulated anaesthetised 

rats (n=4 per group). Figure 2 panel A shows the cumulative per cent dose of Org 49209 and 

Ch recovered in the lymph over 8 hours (2.1% and 13.6%, respectively) after a drug/Ch dose 

of 0.5 mg/kg. In Figure 2 panel B, rats were dosed with a 10 fold higher dose of both 

compounds (5 mg/kg) to assess the potential for differences as a function of dose. However, 

similar trends were seen in both cases and the intestinal lymphatic transport of Org 49209 and 

Ch was 3.3% and 17.4% at the higher dose. Surprisingly, at both doses, the intestinal 

lymphatic transport of Org 49209 was significantly lower (approximately 5 fold) than Ch, in 

spite of remarkable structural similarity and lipophilicity (clogP of 6.8 and 7.02 for Org 49209 

and cholesterol respectively).  

 

In general, intestinal lymphatic transport is a significant contributor to drug transport for 

compounds with log Ps >5 and solubilities in long chain lipids of >50mg/g [10], although some 

recent reports suggest that compounds with slightly lower lipid solubilities may also be 

lymphatically transported when affinity for lymph lipoproteins is high [21; 20]. Org 49209 and 

Ch are both high log P compounds, but have markedly different long chain fatty acid lipid 

solubilities (~5mg/g for Org 49209 and >50mg/g for cholesterol in oleic acid)[15]. The lower 

intestinal lymphatic transport of Org 49209 when compared to Ch is therefore consistent with 

previous studies that report significantly lower intestinal lymphatic transport for less lipid 

soluble analogues with similar log P values [8; 4; 18; 6]. In the case of cholesterol, however, 

re-esterification to cholesterol ester (using long chain (C18-C20) fatty acids)[12; 61] in the 

enterocyte is also expected prior to incorporation into lipoprotein assembly pathways [19; 39]. 

Re-esterification of Org 49209 was initially thought to be a potential means by which lipid 

solubility might be increased in situ and therefore lymphatic transport enhanced. The present 

data, however, suggest that either Org 49209 is either poorly absorbed, not incorporated into 

alkyl-esterification pathways, or is not incorporated into alkyl-esterification pathways sufficient 

to significantly enhance lymphatic transport. In this regard, esterification of cholesterol was 
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reported to be significantly more efficient (>50 times) than that of structurally similar plant 

sterols, such as -sitosterol or campesterol (Figure 1B).  -sitosterol and campesterol have 

slightly different side-chain substitutions at C24 and differences in the rate of esterification 

between these compounds and cholesterol have previously been suggested to be responsible 

for the observed differences in intestinal absorption of cholesterol vs. plant sterols [14].  The 

data also confirm that the long chain lipid solubility of lipophilic compounds is likely to be a 

better indicator of the potential for intestinal lymphatic transport than the oil in water partition 

co-efficient, consistent with previous studies that describe a correlation between the amount 

of drug recovered in the intestinal lymph and the mass of long chain triglyceride lipid in the 

lymph [51; 22; 4; 24; 42; 18]. 

 

Although the extent of lymphatic transport of Org 49209 was similar and low at both doses (5 

mg/kg and 0.5 mg/kg), significant differences in the rate of lymphatic transport were evident 

(Figure 3) and in general lymphatic drug transport was proportionally faster after   

administration of the lower drug and lipid dose. This likely reflects the higher lipid load required 

to dissolve the higher drug dose, in turn increasing the requirement for increased lipid 

processing and absorption. In an attempt to increase the lymphatic transport of Org 49209 

further a second formulation was explored at the higher drug dose (5 mg/kg). In this case the 

quantity of lipid employed was increased (to 300 mg), based on previous studies that suggest 

a correlation between increased lipid dose, lymphatic lipid transport and lymphatic drug 

transport [60; 54; 57]. OA was utilised as the lipid in the formulation in the hope that the lack 

of requirement for pre-absorptive digestion would encourage absorption and therefore 

lymphatic drug transport. The data in figure 3, however, show that increasing the lipid load 

was not beneficial, and that higher drug transport was possible with the formulation containing 

the greater quantity of surfactant rather than lipid. 

 

Lymphatic transport versus bioavailability 

  

Comparison of lymphatic drug transport patterns in isolation from patterns of drug absorption 

into the blood has the potential to confuse data interpretation. This is well exemplified by the 

current data set where examination of total bioavailability (lymphatic plus non-lymphatic 

absorption) revealed significant differences between Org 49209 and cholesterol. 

Bioavailability was assessed by comparison of plasma AUCs obtained after intraduodenal 

administration of the same formulations examined above (at the 5 mg/kg dose) to non lymph-

cannulated animals, and comparison to data obtained after intravenous administration (Table 

1). Further comparison was also made to data obtained after administration of Org 49209 

5mg/kg in an aqueous-based 5% Mulgofen saline suspension and in a lipid-based emulsion 
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with a higher lipid load (300 mg OA in 0.25% w/v Tween 80 in saline). Summary 

pharmacokinetic data are given in Table 2.  

 

Interestingly, the total bioavailability of Org 49209 after intraduodenal administration in all 

formulations was significantly lower than that of cholesterol. The lower oral bioavailability of 

Org 49209 could be a result of lower lipid solubility and poor intestinal solubilisation or lower 

intrinsic aqueous solubility (0.2 mg/mL in bile phosphate buffer simulating gastrointestinal 

fluid) and drug dissolution [16; 41; 48]. In addition, the structural similarity of Org 49209 to the 

plant sterols (with methyl group substitution at C24 position)[52] suggests that Org 49209 may 

also be a substrate for P-glycoprotein mediated efflux, further limiting oral bioavailability. 

Lower oral bioavailability has been reported for phytosterols compared with cholesterol due to 

significantly greater intestinal efflux via adenosine triphosphate (ATP)-binding cassette (ABC) 

efflux transporters and biliary excretion through entero-hepatic recycling [45; 49; 29; 33; 53; 

62; 26]. 

 

Although the oral bioavailability of Org 49209 was significantly lower than that of cholesterol, 

bioavailability was enhanced after administration in lipid-based formulations compared with 

administration in an aqueous-based 5% w/v Mulgofen in normal saline (Figure 4, Table 2). 

However, the proportion of the total systemic bioavailability contributed by lymphatic transport 

was reasonably consistent for both Org 49209 and cholesterol (Table 1). Thus, intestinal 

lymphatic transport of Org 49209 was responsible for approximately 35% of total drug 

availability, whereas for Ch this was slightly (but not significantly) higher (46%).These data 

suggest that intestinal lymphatic transport is a major contributor to systemic drug transport for 

both Org 49209 and Ch and that the mechanisms of lymphatic transport of Org 49209 and 

cholesterol may be similar (since a similar proportion of the absorbed dose was lymphatically 

transported). Thus, the differences in lymphatic transport described in figure 2, may result from 

differences in absorption, rather than the efficiency of lymphatic transport of the absorbed 

dose. It seems likely, therefore, that the primary limitation to lymphatic transport (and 

bioavailability) of Org 49209 is low luminal solubility and/or intestinal efflux rather than 

lymphatic access of absorbed drug. 

 

Influence of intestinal lymphatic transport on brain deposition of Org 49209 

 

Since association with lymph lipoproteins might be expected to alter drug access to the CNS, 

the effect of intestinal lymphatic transport on brain deposition of Org 49209 was also assessed 

in two parallel groups of non lymph-cannulated (brain sampling) rats. These animals were 

administered 5mg/kg of Org 49209 in a lipid-based formulation administered intraduodenally 
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or intraperitoneally, with the expectation that drug incorporation into lymph lipoproteins would 

be precluded after IP administration (since drug association with lymph lipoproteins occurs in 

the enterocyte). 

 

Plasma level time profiles were lower after intraperitoneal administration when compared to 

intraduodenal administration and the rate of absorption was also lower (Figure 5A). The 

significantly greater systemic availability of Org 49209 after intraduodenal administration 

compared with intraperitoneal administration most likely reflects incorporation into lipid 

solubilisation/absorption pathways in the intestine and the beneficial effects of bile. It is also 

possible that after intraperitoneal administration and drug absorption through the visceral 

peritoneum into the portal vein [37], that greater pre-systemic elimination occurred when 

compared to intraduodenal administration and stimulation of lymphatic transport (where pre-

systemic metabolism will be avoided).  

 

Realising the differences in absolute systemic exposure after intraduodenal versus 

intraperitoneal administration, differences in brain exposure (as assessed using brain to 

plasma ratios) were evident (Figure 5B). Thus, brain to plasma ratios were higher after 

intraperitoneal administration (Figure 5C) when compared to intraduodenal administration. It 

seems likely therefore that entry of a proportion of the Org 49209 dose into the systemic 

circulation in association with lymph lipoproteins (after intraduodenal administration in a lipid 

based formulation) reduced brain access, possibly via a reduction in free drug concentrations 

in the plasma. 

 

Conclusion 

The current study has shown that intestinal lymphatic transport is an important route of drug 

transport to the systemic circulation for Org 49209, a novel highly lipophilic NMDA modulator.  

The oral bioavailability of Org 49209, however, was low and significantly lower than that of its 

structural analogue cholesterol. Nonetheless, the proportional contribution of lymphatic 

transport to overall bioavailability was similar for both compounds. An explanation for the low 

oral bioavailability of Org 49209 is not evident at this time but may reflect poor intestinal 

solubilisation or intestinal efflux. Finally, comparison of the extent of CNS access of Org 49209 

after intraduodenal and intraperitoneal administration revealed that whilst bioavailability was 

lower after intraperitoneal administration, brain to plasma ratios were higher. Drug entry into 

the systemic circulation in association with intestinal lymph lipoproteins may therefore limit 

CNS access of lipophilic drugs such as Org 49209. More data is required to confirm the 

broader applicability of this suggestion.  
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 Figure legends 
 
Figure 1 A - Chemical structures of Org 49209 and cholesterol 
Figure 1 B - Chemical structures of phytosterols 
 
Figure 2- Intestinal lymphatic transport of Org 49209 vs. cholesterol after intraduodenal administration 

in lymph-cannulated rats (mean  SEM, n=4 per group). In plate A, rats received 0.5 mg/kg dose of 3H-

cholesterol () or 14C-Org 49209 () in 50 mg oleic acid (OA) solubilised in 0.25% w/v Tween80 in 3 
mL normal saline. In plate B, rats received 5 mg/kg dose of 3H-cholesterol () in 50 mg OA and 0.25% 

Tween80 in 3 mL normal saline or the same dose of 14C-Org 49209 () in 200 mg (OA:Capmul,1:1) 

in 1% w/v Tween80 in 3 mL normal saline.  
 

Figure 3 - Intestinal lymphatic transport of Org 49209 (mean % dose  SEM, n=4 per group) in lymph-
cannulated rats after intraduodenal administration of 1) Org 49209 0.5 mg/kg in 50 mg of OA in 0.25% 

w/v Tween80 in 3 mL NS () or 2) Org 49209 5mg/kg in 300 mg of OA in 0.25% w/v Tween80 in 3 

mL NS ()  or 3) Org 49209 5mg/kg in 200 mg (OA:Capmul,1:1) in 1% w/v Tween80 in 3 mL NS(). 
 

Figure 4 - Org 49209 plasma levels vs. time after administration in two lipid-based and one lipid-free 
oral formulations to non lymph-cannulated rats (mean ± SEM, n=4 rats per group). Lipid-based 

formulations contained 5 mg/kg Org 49209 in 200 mg (OA:Capmul, 1:1), in Tween 80 1% w/v in NS  

lipid-based emulsion () or OA 300 mg in Tween80 0.25% w/v in NS emulsion(). The lipid-free 
formulation contained 5 mg/kg drug in 5% w/v Mulgofen in NS. 
 
Figure 5 - Systemic exposure and brain exposure (mean ± SEM; n = 4) of Org 49209 (5 mg/kg dose) in 

lipid based formulation containing 200 mg (OA:Capmul, 1:1) in 1% w/v Tween80 in normal saline after 
intraduodenal (filled symbols) and intraperitoneal (empty symbols) administration in non lymph- 
cannulated (brain sampling) rats. Plate A compares systemic plasma profiles of Org 49209 after 
intraduodenal () vs. intraperitoneal () administration. Plate B compares brain drug exposure of drug 
after intraduodenal () vs. intraperitoneal () administrations. Plate C compares brain to plasma ratio 
of drug after intraduodenal () vs. intraperitoneal () administrations. 
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Figure 1A - Chemical structures of Org 49209 and cholesterol 
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Figure 1B - Chemical structures of plant sterol with side chain substitution  
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Figure 2 
 
Figure 2- Intestinal lymphatic transport of Org 49209 vs. cholesterol after intraduodenal administration 

in lymph-cannulated rats (mean  SEM, n=4 per group). In plate A, rats received 0.5mg/kg dose of 3H-

cholesterol () or 14C-Org 49209 () in 50 mg oleic acid (OA), 0.25% w/v Tween80 in 3 mL normal 

saline. In plate B, rats received 5 mg/kg dose of 3H-cholesterol () in 50 mg OA and 0.25% Tween80 
in 3 mL normal saline or same dose of 14C-Org 49209 () in 200 mg (OA:Capmul,1:1) in 1% w/v 

Tween80 in 3 mL normal saline.  
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Figure 3 
 

Figure 3 - Intestinal lymphatic transport of Org 49209 (mean % dose  SEM, n=4 per group) in lymph-
cannulated rats after intraduodenal administration of 1) Org 49209 0.5 mg/kg in 50 mg of OA in 0.25% 

w/v Tween80 in 3 mL NS () or 2) Org 49209 5mg/kg in 300 mg of OA in 0.25% w/v Tween80 in 3 

mL NS ()  or 3) Org 49209 5mg/kg in 200 mg (OA:Capmul,1:1) in 1% w/v Tween80 in 3 mL NS(). 
 

 0.5 mg/kg Org 49209 in 50 mg OA  
  5 mg/kg Org 49209 in 200 mg OA: 

Capmul (1:1)  
  5 mg/kg Org 49209 in 300 mg OA  
 



22 

 

Figure 4 
 
Figure 4 - Org 49209 plasma levels vs. time after administration in two lipid-based and one lipid-free 
oral formulations to non lymph-cannulated rats (mean ± SEM, n= 4 rats per group). Lipid-based 

formulations contained 5mg/kg dose Org 49209 in 200 mg (OA:Capmul,1:1) in Tween 80 1% w/v in 

NS  lipid-based emulsion () or OA 300 mg in Tween80 0.25% w/v in NS emulsion() and lipid-free 
formulation contained drug in 5% w/v Mulgofen in NS. 
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Figure 5 
 
Systemic exposure and brain exposure (mean ± SEM; n = 4) of Org 49209 (5 mg/kg dose) in lipid based 

formulation containing 200 mg (OA:Capmul,1:1) in 1% w/v Tween80 in normal saline after 
intraduodenal (filled symbols) and intraperitoneal (empty symbols) administration in non lymph- 
cannulated (brain sampling) rats. Plate A compares systemic plasma profiles of Org 49209 after 
intraduodenal () vs. intraperitoneal () administration. Plate B compares brain drug exposure of drug 
after intraduodenal () vs. intraperitoneal () administrations. Plate C compares brain to plasma ratio 
of drug after intraduodenal () vs. intraperitoneal () administrations. 
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Table 1 
 
Intestinal lymphatic transport and oral bioavailability of Org 49209 (5 mg/kg) after intraduodenal 

administration in a lipid-based formulation containing 200 mg OA:Capmul (1:1) in 1% Tween80 in 3 
mL NS in comparison with cholesterol (5 mg/kg) in a lipid-based formulation containing 50 mg OA in 3 

mL 0.25% Tween80 in NS to rats (mean  SEM, n = 4 per group). Lymphatic transport of drug was 
calculated as the cumulative percent dose drug recovered over 8 hours in the lymph of mesenteric 
lymph-cannulated rats. Oral bioavailability was estimated over 8 hours in non- lymph-cannulated rats 
by AUC comparison with an intravenous (IV) control group.  
 

 
Drug 

 
Bioavailability 

(Non lymph-cannulated)  
% dose 

 
Lymphatic transport 
(lymph-cannulated) 

% dose 

 
% contribution of 
lymphatic transport  
 to bioavailability  

 

 
Org 49209 

 

 

9.4   1.0 

 

3.3  0.5 

 

35.2  5.6 

 
Cholesterol 

 

 

37.7  4.0* 

 

17.4  1.9* 

 

46.1  5.1 

*Statistically significant difference between cholesterol and Org 49209 dosed groups (p <0.05). 
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Table 2 
 
Pharmacokinetics of Org 49209 after intraduodenal infusion of 5 mg/kg in different lipid-based 

formulations to rats (mean ± SEM, n= rats per group). AUC0- after intravenous administration (dose 
normalised to 5 mg/kg) was 130 µg.h/mL. 
 

 

 
Formulation 

 

AUC0- 

(µg.h/mL) 

 
Bioavailability 
(% dose) 

 
Cmax 

(µg/mL) 

 
Tmax 

(h) 

 
T1/2 

 (h) 

200 mg OA:Capmul 
(1:1) in 1% Tw80 in 
NS 
 

11.9 ± 1.8 9.4 ± 1.0 1.92 ± 0.4 3.5 ± 0.5 4.3 ± 0.7 

300 mg OA in 0.25% 
Tw80 in NS  
 

5.19 ± 0.8 4.0 ± 0.6 1.69 ± 0.2 2 ± 0 3.8 ± 1.7 

5% Mulgofen in NS  2.11 ± 0.3 0.9 ± 0.2 0.33 ± 0.1 7 ± 1 3.6 ± 0.4 

 
 

 


