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Abstract
13α(21)-Epoxyeurycomanone (EP) and eurycomanone (EN), the polar quassinoids of Eurycoma longifolia extract (TAF2) formulated 
as a lipid-based solid dispersion (TAF2-SD) to increase sperm count for oligospermic infertility, displayed improvement of oral 

quassinoids in both preparations displayed double-peak phenomenon, similarly observed in BCS Class 3 drugs that are highly 
hydrophilic and of low phospholipid membrane permeability, which therefore prompted investigation of the contributing factors. 

w/w of EP and EN were absorbed in the rat small intestine prior to 2.5 h, the gastric emptying time of 50% w/w theophylline marker 

contributed to the delay in gastric-emptying and absorption in the intestine. In conclusion, the formulated quassinoids improved 

emptying and intestinal absorption. 

Keywords: Standardized Eurycoma longifoia extract; Lipid-based solid dispersion; Oral pharmacokinetics and bioavailability; Double 
peak phenomenon

Eurycoma longifolia Jack (E. longifolia), a small tree belonging to Simaroubaceae family, is known as ‘Tongkat Ali’ in Malaysia 

that were reported to possess anti-malarial [2], anti-parasitic [3] and anti-proliferative [4] properties. Our earlier studies reported 
that these quassinoids in a standardized E. longifolia
may be potentially useful for development against oligospermic infertility. However, the rat oral bioavailability of EP and EN 
in TAF2 was very low [6] and their plasma concentration-time curves displayed double peak phenomenon. Many lipid-soluble 

4.5 [9]. In oral drug metabolism, the CYP3A4 substrates are relatively lipophilic with high log P values [10] important for P450 

in vitro 
TAF2 alone and in combination with inhibitor markers, verapamil and quinidine using the rat everted gut sac method displayed 

in vitro metabolic studies of the rat liver 
homogenates and NADPH at 37 °C for 50 min with TAF2 or the positive controls, verapamil and quinidine also showed no 

metabolism of the quassinoids in TAF2. EP and EN, being highly water soluble and low in lipid permeability (low log P values) 

displayed double-peak pharmacokinetic plasma concentration-time curves [15,16]. Other contributing factors to the double peak 

of double peaks in the plasma concentration-time curves of the drugs [16,19,20]. An optimized lipid-based solid dispersion (TAF2-
SD) was therefore developed in the present study to improve the oral gastrointestinal absorption and bioavailability. 
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E. longifolia quassinoids (EP and EN) in the 
formulated TAF2-SD and non-formulated TAF2 extract, and the secondary objectives were to reveal the major mechanisms causing 
the double-peak phenomenon in the plasma concentration-time curves of the quassinoids. 

Eurycoma longifolia

chromatography (HPLC) analysis was purchased from Merck (Darmstadt, Germany). 

Plant material and chemicals 

Figure 1: Chemical structures of 13α(21)-epoxyeurycomanone (EP) and eurycomanone (EN)

Materials and Methods 

E. longifolia were Soxhlet-extracted (Duran, Germany) with 95% fresh methanol (GR, Merck, 
in vacuo. 

methanol:water = 30:70 was selected for evaporation to dryness in vacuo.

the quassinoids was above 95% as determined by a Waters Delta Prep HPLC system equipped with a Waters 2996 photodiode array 
detector (PDA) and Empower 2 workstation (Waters, Milford, MA). 

Preparation and fractionation of E. longifolia extract 

4) design [24], which has advantages in rapid 

was then followed as shown below. 

Preparation of the lipid-based solid dispersion TAF2-SD 

Gelucire G44/14 (Gattefossé, France) and Span 60 (Sigma Aldrich, MO, USA) at a mixture ratio of 2:1 w/w were heated and stirred 
until fully melted for one hour at 60 °

Span 60 + TAF2 was maintained at 60 °C for 30 min with continued stirring for another 10 min at room temperature until the 
mixture formed a semi-solid TAF2-SD. 

in a tray inside an Agilent 1120 Compact Autosampler at 25 ºC prior to injection into the Agilent Technologies 1120 compact 

-1. 

Technologies). 

HPLC analysis 
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consecutive injections of increasing concentration of the marker quassinoid solution and determination of the relative standard 

10% was LOQ [29]. 

HPLC Method validation 

Male Sprague-Dawley rats weighing 260 -300 g were purchased from the Animal Research and Service Centre (ARASC), Universiti 

drinking water was provided ad libitum

Animal Ethics Committee, Universiti Sains Malaysia [USM/Animal Ethics Approval/2012/(79)(388) and USM/Animal Ethics 
Approval/2011/(73)(338)]. 

the intestinal absorption of EP and EN using the isolated rat everted gut sac model [30]. Eight male SD rats were euthanized using 

solution), immediately kept at 37 ºC in medium 199 (M 199) (M3769-1L, SIGMA, USA), and bubbled with a gas mixture of O2 / 
CO2

with 0.5 mL of oxygenated tissue culture medium (M199) at 37 º

containing 20 mL of oxygenated M199 at 37 º

method of Wilson and Wiseman (1954) [31] involving the measurement of D-glucose concentration in both serosa and mucosa 

and EN was determined using Equation 1. 

Everted gut sac experiment 

x 100 ÷ surface area of gut sac (Equation 1). 

mg kg-1 -1 of TAF2 
and TAF2-SD (containing 100 mg kg-1 of TAF2), respectively in deionized H2
of washout period, the animals from Group 1 and 2 were orally administered with TAF2 and TAF2-SD, respectively, while those 

in Group 1 were orally administered with the TAF2-SD; Group 2 received TAF2 intravenously and Group 3 animals were orally 
administrated with TAF2. About 0.2 mL of blood sample was removed from the tail vein and kept in a heparinized micro-centrifuge 
tube following the intervals of 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10, and 24 h for the group given intravenous administration. For the 
oral-administered groups, similar blood volume was taken at intervals of 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 h. Each blood sample 
was centrifuged and the supernatant plasma was kept in the freezer at -80 °C prior to HPLC analysis of EP and EN.

Pharmacokinetic and bioavailability experiment 

max), the time at Cmax (tmax), the half-
life of absorption(t1/2) and the area under the concentration-time curve from zero to 24 h (AUC0-24) were derived from calculations 

TAF2-SD were calculated using a non-compartment model, whereas the parameters for intravenous administration were calculated 

Data analysis 
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t-test 
of P < 0.05 

Statistical analysis 

For determining the gastrointestinal absorption sites of the quassinoids in the formulated TAF2-SD, theophylline was selected 
as the gastric emptying transit marker [32], whereas the intestinal absorption was estimated by sulfasalazine, a well-established 

mg kg-1 of TAF2 (containing half concentration of EP and EN in 100 mg kg-1 of TAF2 selected for the pharmacokinetic studies) 
was mixed with theophylline (20 mg kg-1) and sulfasalazine (20 mg kg-1), accurately weighed, dissolved in deionized water and then 

-1 of body weight. Blood samples of 0.2 

1.5, 2, 3, 4, 6, 8, 10, 24 and 30 h and then kept in the freezer at -80 °

and sulfapyridine absorbed in the gastrointestinal tract were calculated following the Wagner-Nelson method [36].

Double peak phenomenon investigation 

Four adult guinea pigs weighing 300-500 g were euthanized using CO2

continuously with 95% O2 and 5% CO2 2 (0.2), 
MgCl2 (0.1), NaH2PO4 (0.05), NaHCO3

°C for 30 min before the experiment in order to 
°C during the experiment. During equilibration, the 

contraction curve was checked until the specimen becomes stable. In all experiments, the ileum was set up with an initial tension 
of 1 g. A volume of 10 µL of each dose was then added to the bath solution and the change of the contractive tension was recorded 
using a PowerLab/Chart 8 computer program (AD Instruments, Selangor, Malaysia). Agonists were in contact with the tissue for 
20-25 s and applied at 2-min intervals. A dose range of 10-5-100 ppm for acetylcholine (ACh) and histamine (Hist) was tested on 
the ileum sample in order to select the optimized dose range. To ensure the accuracy of results, a period of 30-min incubation 

eurycomanone.

Isolated guinea pig ileum experiment 

2 = 0.9990 and 0.9999, respectively), over a range 
-1 -1

-1 -1, the recoveries were 
100.60% ± 5.14 RSD to 104% ± 2.43 RSD; its within-day accuracy and precision were 98.09% ± 0.77 RSD to 106.91% ± 1.27 RSD; 
whereas the between-day accuracy and precision were 96.17% ± 1.47 RSD to 107.93% ± 1.42 RSD. For the analysis of EN at 0.2-10 

-1, the recoveries were 101.29% ± 3.63 RSD to 102.48% ± 2.10 RSD; its within-day accuracy and precision were 97.83% ± 0.43 
RSD to 108.60% ± 0.19 RSD; whereas the between-day accuracy and precision were 98.14% ± 1.01 RSD to 109.88% ± 0.46 RSD. 

HPLC Method validation 
Results 

EP and EN by 2.87 fold (p < 0.05) and 2.60 fold (p < 0.01), respectively more than the non-formulated TAF2 extract. 

Everted gut sac experiment 
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Figure 2 A: 13α(21)-epoxyeurycomanone (EP) and B: Eurycomanone (EN) in TAF2-SD solid dispersion and in 
TAF2 using rat everted gut sac method. Values are presented as mean ± S.D. (n = 8). Conditions: 20 mL, pH 7.5, medium M199, incubation 

of the non-formulated TAF2 at 5 mg kg-1 and displayed a typical two-compartment model (Figure 3A). From the zero-time drug 
-1) of EN was about 2.9 fold higher than that of EP. However, EP (763.80 mL 

kg-1) displayed about 2.6 fold higher Vc than EN (295.75 mL kg-1), due to EP (65.60 h) showing a 4 fold longer t1/2 (β) than EN (16.22 
h). In the oral pharmacokinetic studies, the two quassinoids in the formulated and non-formulated preparations were compared 

max, C2max, t1/2 and AUC0-24h of EN in TAF2-SD were 
0-24

Pharmacokinetics and bioavailability 

Eurycomanone13α(21)-EpoxyeurycomanoneParameters

SDAVESDAVE

12.4923.233.747.99A(µg mL-1)

0.361.220.411.22α(h-1)

0.080.190.080.19B(µg mL-1)

0.020.040.010.02β(h-1)

13.3625.3911.6822.93AUC(µg h mL-1)

0.230.950.260.40k10(h-1)

0.160.240.120.72k12(h-1)

0.050.070.030.05k21(h-1)

0.260.560.140.60t1/2 (α)(h)

8.5616.2244.4765.60t1/2 (β)(h)

196.27295.75415.38763.80Vc(mL kg-1)

2872.306214.7210094.3719319.18Cl(mL h-1 kg-1)

A and B: zero time drug concentration intercepts of biphasic disposition curve; α and β: rate constants for distribution and elimination phases; AUC0–24: area under 
the concentration-time curve from zero to 24 hours; Cmax: calculated maximum concentration; Tmax: time corresponding to Cmax. k10: elimination rate constant from 
central compartment; k12: rate constants for the movement of drug from central compartment to peripheral compartment; k21: rate constants for the movement of 
drug from peripheral compartment to central compartment; t1/2 (α): half-life of distribution; t1/2 (β): half-life of elimination; t1/2_K10: half-life of K10; Vc: volume of central 
compartment; and Cl : total body clearance
Table 1A
administration of TAF2 (5 mg kg-1) in rats. Values are presented as mean ± S.D. (n = 9)
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Eurycomanone13α(21)-epoxyeurycomanoneFabs (%)

TAF2-SDTAF2TAF2-SDTAF2

0.83 ± 0.140.89 ± 0.110.94 ± 0.191.00 ± 0.12T1max (h)

7.11 ± 0.35 *4.56 ± 0.586.44 ± 0.445.13 ± 0.48T2max (h)

0.20 ± 0.050.32 ± 0.100.16 ± 0.050.11 ± 0.03C1max (µg mL-1)

0.53 ± 0.14 *0.41 ± 0.130.17 ± 0.040.11 ± 0.02C2max (µg mL-1)

11.36 ± 0.66 *17.92 ± 1.4320.38 ± 0.3022.67 ± 1.61t1/2(h)

6.25 ± 0.88 *2.34 ± 0.222.58 ± 0.28 *1.72 ± 0.29AUC0-24h(µg.h mL-1)

24.62 ± 3.61*9.22 ± 0.8611.25 ± 1.67*7.50 ± 1.19Fabs (%)

2.75 ± 0.531.69 ± 0.34Frel

p < 0.05; C1max max: time corresponding to C1max. 
C2max: maximum concentration of second peak; T2max: time corresponding to C2max. t1/2: half-life of the absorption phase; AUC0–24, area under the concentration–time 
curve from zero to 24 hours; Fabs: absolute bioavailability; Frel: relative bioavailability
Table 1B: Pharmacokinetics parameters of 13α(21)-epoxyeurycomanone (EP) and eurycomanone (EN) for E. longifolia 

-1 oral administrations

Figure 3A
of 5 mg kg-1 TAF2. B: Plasma concentration-time curves of EP and EN in TAF2 (100 mg kg-1) and TAF2-SD (containing 100 mg kg-1

abs) of EP in TAF2 and TAF2-SD were 7.50 ± 1.19% and 11.25 ± 1.67, respectively, and 
rel) of EP 

improved the oral bioavailability of EN much more than of EP even though higher amount of EN was originally in the non-

oral administration of 100 mg kg-1 TAF2 extract and TAF2-SD (containing 100 mg kg-1 TAF2 extract) is shown in Figure 4.

Volume 11 | Issue 1



Annex Publishers | www.annexpublishers.com                    
 

7         
 

                                                     Journal of Bioequivalence Studies

Figure 4: HPLC chromatogram of (A) Blank rat plasma and (B) the 13α(21)-epoxyeurycomanone (EP) and eurycomanone (EN) in 
-1

of TAF2-SD (containing 100 mg kg-1 TAF2 extract). TC-C18 (250 mm × 4.6 mm i.d., 5 µM) column; column temperature 25 ºC; 
-1; UV wavelength 238 nm

A double peak phenomenon in the plasma concentration-time curves of EP and EN, was observed following oral administration 
of single dose TAF2 (100 mg kg-1) and TAF2-SD (containing 100 mg kg-1

-1 of TAF2 containing only half concentration of EP 
and EN in the 100 mg kg-1

200-mg/kg-1 

distinguish the transit times for T50 of theophylline and T50 of sulfapyridine.

Double-peak phenomenon investigation 

max of EP and EN in TAF2-SD at 1 h, was in the stomach before 50% w/w 
of marker theophylline appeared in the small intestine at 2.5 h.  A second larger broad peak of longer T2max
time of 50% sulphapyridine absorption where more than 70% of the quassinoids were absorbed in the colon (Figure 5). Following 

TAF2-SD (Figure 5). 

Figure5:
of 200 mg kg-1 TAF2-SD and distribution in the gastrointestinal tract. T50 (theophylline) and T50 (sulfapyridine) are the time for 50% of 

kg-1 instead of 100 mg kg-1 because it contained only 50% w/w of EP and EN in TAF2 used for pharmacokinetic studies in Figure 3B

shown by histamine (Hist) at 48-384 ppm. In the presence of TAF2 at 0.028 ppm or eurycomanone at 0.005 ppm, the dose-response 

eurycomanone (EN) followed the quassinoid quantity analyzed by HPLC in the TAF2 extract as 17.85% w/w. 

Isolated guinea pig ileum experiment 

EP
EN

C
B

A
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Figure 6A

Hist-induced ileal contraction, respectively. B

eurycomanone on ACh- and Hist-induced ileal contraction, respectively. All the results are reported basedon contractile response % ± SD. 
p < 0.05 (Mann-Whitney U Test)

Discussion 
E. longifolia

absorption of 13α(21)-epoxyeurycomanone (EP) and eurycomanone (EN) in the isolated everted rat gut experiment. From the 
intravenous pharmacokinetic data (Table 1A), EP displayed higher volume of distribution in the central compartment (Vc) than 
EN because of longer half-life of elimination (t1/2 (β)) probably due to EP being more polar than EN, thus remaining in the central 
compartment and distributing less into other compartments. In the oral pharmacokinetic studies, the levels of AUC0-24, the Fabs and 
Frel
was about two fold higher than EP (7.39 ± 0.17% w/w) in concentration from the original TAF2 extract, the AUC0-24 and Fabs data 
(Table 1B) showed a 3.3 fold higher increment of blood EN than EP concentrations produced by the formulated TAF2-SD. From 
the previously reported data, EN was relatively less polar than EP, since the latter developed a shorter retention time than EN in 
the reverse phase HPLC chromatogram [22], and a smaller Rf value than EN on TLC of normal phase silica gel coated plates [23]. 
Furthermore, the structures of both quassinoids (Figure 1) are the same except the epoxide moiety in EP, whereas EN displayed 

more polar than EN, which has pi electrons distributing between C-13 and C-21, instead. Despite these evidences in support 
2 of the ileum 

permeability than EN (-1.46) at pH 1 in the stomach [21]. Furthermore, the in vivo percentage absorption–time curve of EP (log 
P = -0.67 at pH 7) appeared higher than EN (log P = -1.44 at pH 7) in the small intestine before reaching the colon. Although the 
chemical structure indicated that EP was more polar, its lipophilicity was not lower than EN. However, when both quassinoids 
were formulated into a more lipid-based matrix, EN of higher concentration and lower polarity than EP in the E. longifolia extract 
displayed greater absolute oral bioavailability. 
Trace amount of the quassinoids managed to reach the blood circulation through the stomach by close vicinity to an “absorption 

contributed towards the establishment of the double peak phenomenon since more than 50% of the quassinoids in TAF2-SD and 
TAF2 took more than 2.5 h to reach the small intestine.
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hydrophilic property. In fact, the lipophilic compounds possessing log P value of greater than 5 can only be absorbed via the 

the quassinoids appeared as a plausible explanation towards the formation of double peak phenomenon since the physicochemical 
properties mimicked those of the BCS Class 3 drugs. When formulated in a lipid-based matrix, some of these drugs also displayed 
double peak phenomenon. [39]. For example, the bioavailability of polyphenols, the BCS Class III compounds has been similarly 
improved by lipid-based formulations [40].

and histamine-induced contractions of the guinea pig ileum, provided evidence that the anti-cholinergic and anti-histaminergic 

in the colon, as lipophilic formulations were reported more permeable in the colon than the small intestine [42]. Consequently, 

Conclusion
E. longifolia

improved intestinal absorption and oral bioavailability in the blood, but no change was observed for the developed double-peak 

delayed gastric emptying and major absorption in the colon. 
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