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Abstract. O‑Desmethylvenlafaxine (desvenlafaxine, ODV) is 
the active metabolite of venlafaxine, with similar activity and 
less risk for pharmacokinetic drug interactions compared to its 
parent compound venlafaxine. The purpose of this study was 
to design a series of esters of ODV and assess their potential 
as ODV prodrugs with improved bioavailability and brain 
uptake. Seven esters were synthesized and pharmacokinetic 
screening was performed in rats. The monoester formed on 
the phenolic hydroxyl of ODV (ODVP‑1, ODVP‑2, ODVP‑3 
and ODVP‑5) could be degraded to ODV in rat plasma. These 
four compounds confirmed as possible prodrugs were then 
studied to evaluated the relative bioavailability of ODV they 
produced in beagle dogs. ODVP‑1, ODVP‑2 and ODVP‑3 
demonstrated higher relative bioavailability of ODV. Finally, 
ODVP‑1, ODVP‑2 and ODVP‑3 were studied to evaluate 
their brain uptake in rats. The concentration of ODV in the 
rat plasma, brain and hypothalamus after administration of 
ODVP‑1, ODVP‑2 or ODVP‑3 was higher compared with that 
of ODV. The higher bioavailability, improved pharmacokin-
eics properties and more rapid penetration and translation of 

ODV suggest that ODVP‑1, ODVP‑2 or ODVP‑3 may warrant 
further development and application as ODV prodrugs.

Introduction

Depression is a recurring and life‑threatening mental illness 
with a significant incidence in the population, and represents a 
major social and economic burden (1). Although several classes 
of antidepressant medications are currently prescribed to treat 
depression, serious drawbacks exist that require improvement, 
such as limitations in efficacy, multiple unwanted side effects, 
and slow onset of the therapeutic response (2,3). Development 
of new antidepressants is thus an urgent requirement.

Ve n l a f a x i n e  i s  a n  a n t i d e p r e s s a n t  o f  t h e 
serotonin‑norepinephrine reuptake inhibitor (SNRI) class of 
drugs that is prescribed for the treatment of major depressive 
disorder, generalized anxiety disorder and comorbid indications 
in certain anxiety disorders with depression (4). Venlafaxine 
is well absorbed in humans and subject to extensive first‑pass 
metabolism in the liver by cytochrome P450 2D6 (CYP2D6) (5). 
Thus, venlafaxine is susceptible to CYP2D6 polymorphism 
and the associated variability in pharmacokinetics, efficacy 
and/or tolerability  (6‑8). O‑desmethylvenlafaxine (ODV), 
also known as desvenlafaxine succinate, is a synthetic form 
of the major active metabolite of venlafaxine with antidepres-
sant activity similar to that of venlafaxine but with a longer 
half‑life  (9,10). Compared with venlafaxine, direct intake 
of ODV for the treatment of diseases of the central nervous 
system has the advantages of being a single compound that 
is conducive to dosing adjustments and reducing the risk of 
interactions with other drugs (11‑15). However, ODV contains 
a more exposed hydroxy group compared with venlafaxine, 
and therefore it has increased hydrophilicity, resulting in lower 
oral bioavailability. Accordingly, the bioavailability of ODV 
was confirmed to be <40% in beagle dogs (4). An important 
consequence of low bioavailability is that direct side effects of 
the unabsorbed drug in the system may be higher. Thus, it is 
crucial to improve the absorption and bioavailability of ODV.
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Prodrugs are usually designed to improve passive and/or 
transporter‑mediated intestinal absorption to increase oral 
bioavailability (16‑19) and/or tissue‑selective delivery (20). 
Between species differences of hydrolase activity in small 
intestine and liver result in different exposures to prodrug and 
active form, and hence different pharmacological effects and 
toxicities after administration of prodrugs in different animal 
species, including humans (21,22). The ODV molecule contains 
two hydroxyls: A phenolic hydroxyl and an alcoholic hydroxyl. 
In an attempt to increase the bioavailability of ODV in the 
present study, different vectors were used to bond to a phenolic 
hydroxyl or two hydroxyls, then seven ODV ester derivatives 
were successfully synthesized. The purpose of this study was 
to determine which chemical structure, monoester formed 
on the phenolic hydroxyl of ODV and/or the diester formed 
both on the alcoholic hydroxyl and the phenolic hydroxyl of 
ODV, could be degraded to ODV in the blood. In addition, we 
aimed to identify ester derivatives with higher bioavailability, 
improved pharmacokinetics properties and more rapid pene-
tration to further research. Furthermore, in order to evaluate 
the species differences in bioavailability of ODVP‑1, ODVP‑2 
and ODVP‑3 between rats and beagles, although these were 
evaluated in rats in our previous work (compounds If, Ij and Ik, 
respectively) (4,23), we assessed the pharmacokinetic profiles 
of ODVP‑1, ODVP‑2 and ODVP‑3 in beagles.

To these ends, the present study employed in vivo pharma-
cokinetic analysis of ODV in beagle dogs and pharmacokinetic 
screening and brain uptake studies in rats. The results indicated 
that ODVP‑1, ODVP‑2 and ODVP‑3 demonstrated higher 
bioavailability, improved pharmacokinetics properties, more 
rapid penetration of ODV, highlighting them as potential devel-
opment prospects.

Materials and methods

Animals. Adult male Wistar rats (weight, 250±20 g) were 
purchased from the Experimental Animal Center of Jilin 
University (Jilin, China). Adult male beagle dogs (weight, 
12±1 kg) were provided by Tianyao Pharmaceutical Co., Ltd. 
(Tianjin, China) All animals were housed individually at 
22±2˚C and a relative humidity of 50±10% with a 12‑h light/dark 
cycle, with free access to food and water. The present study was 
approved by the Ethical Committee of Jilin University. Rats 
were sacrificed via an overdose of sodium pentobarbital (150 
mg/kg) by intraperitoneal injection.

Reagents and instruments. ODV succinate monohydrate, 
ODVP‑1 hydrochloride, ODVP‑2 hydrochloride, ODVP‑3 succi-
nate, ODVP‑4 hydrochloride, ODVP‑5 hydrochloride, ODVP‑6 
hydrochloride and ODVP‑7 hydrochloride (derivative content, 
>98%) were provided by Jilin Institute of Pharmaceutical 
Research (Jilin, China). The chemical structures of these 
compounds are shown in Fig. 1. Ethyl ether and dichloro-
methane were purchased from the Jiayu Chemical Co., Ltd., 
(Tianjin, China) and Beijing Chemical Factory (Beijing, China), 
respectively. An Agilent 1100 high performance liquid chro-
matography (HPLC) system (Agilent Technologies, Inc., Santa 
Clara, CA, USA) and QTRAP type Triple Quadrupole mass 
spectrometer (Applied Biosystems; Thermo Fisher Scientific, 
Inc., Foster City, CA, USA) were used for analysis. LD5‑2A 

centrifuge (Beijing Medical Centrifuge Factory, Beijing, China) 
and test tubes (Nantong Haizhixing Experimental Co., Ltd., 
Nantong, China) were used for sample collection.

Administration regimen for the pharmacokinetic screening of 
the ODV ester derivatives in rats. The seven ODV ester deriva-
tives were prepared in normal saline for oral administration. 
A total of 21 healthy male Wistar rats were randomly allo-
cated into seven groups (n=3 per group). After 12 h of fasting, 
with free access to water, a dose of 0.043 mmol/kg ODVP‑1, 
ODVP‑2, ODVP‑3, ODVP‑4, ODVP‑5, ODVP‑6 or ODVP‑7 in 
0.5 ml normal saline was intragastrically administered to each 
of the seven groups. Blood samples (1.0 ml) were extracted 
from the retrobulbar venous plexus at 5, 10, 30 and 1 h after 
administration. The samples were centrifuged in heparinized 
and dichlorvos‑treated test tubes (terminal concentration of 
dichlorvos, 200 µg/ml) for 10 min at 4˚C (1,570 x g). The plasma 
samples were then preserved at ‑80˚C for further analysis.

Chromatography and mass spectrometry for the pharma‑
cokinetic screening of the ODV ester derivatives in rats. The 
chromatographic column was a ZORBAX Eclipse XDB C8 
column (I.D., 4.6x150 mm; particle diameter, 5 µm; Agilent 
Technologies, Inc.) and the mobile phase was methanol: 10 mM 
ammonium acetate (85:15, v/v). The flow rate was 1.0 ml/min, 
the injection volume was 10 µl and the column temperature 
was set at 20˚C. The samples were determined with positive 
ion mode, the scanned mode was multiple reaction monitoring 
and the ion reaction used for ODV qualitative analysis was m/z 
264.3→m/z 58.0.

Pretreatment of plasma samples and HPLC‑MS/MS determi‑
nation for the pharmacokinetic screening of the ODV ester 
derivatives in rats. Plasma samples (0.5 ml) were added into a 
Sep‑Pak C18 solid phase extraction column (Waters Corporation, 
Milford, MA, USA) and activated by methanol and water at a 
pass speed of 30 drops/min. The samples were washed with 
2 ml water and eluted with 2 ml methanol. The collected eluate 

Figure 1. Chemical structures of O‑desmethylvenlafaxine (ODV) and its 
ester derivatives. I: ODVP‑1; II: ODVP‑2; III: ODVP‑3; IV: ODVP‑4; V: 
ODVP‑5; VI: ODVP‑6; VII: ODVP‑7.
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was concentrated to ~200 µl using a gentle stream of N2, and 
10 µl was collected for HPLC‑MS/MS analysis.

Administration regimen for the pharmacokinetic study of 
prodrugs in beagle dogs. Pharmacokinetic evaluation was 
performed in beagle dogs. The test animals were randomly 
divided into five groups (n=4). Food and water were freely avail-
able during the entire experimental period. After a 12 h fast, 
each group was administered a single dose of 0.013 mmol/kg 
ODV, ODVP‑1, ODVP‑2, ODVP‑3 or ODVP‑5.

Sample collection for the pharmacokinetic study of prodrugs 
in beagle dogs. Blood samples (1.0 ml) were extracted from the 
small saphenous vein of the legs of beagle dogs prior to and at 
and 0.083, 0.167, 0.25, 0.5, 0.75, 1, 2, 3, 4, 8, 12 and 24 h after 
administration. Blood samples were centrifuged in heparinized 
and dichlorvos‑treated test tubes (terminal concentration of 
dichlorvos, 200 µg/ml) for 10 min at 4˚C (1,570 x g). Plasma 
samples were stored in a refrigerator protected from light at 
‑80˚C for future analysis.

Plasma sample treatment for the pharmacokinetic study of 
prodrugs in beagle dogs. Plasma samples (100 µl) were placed 
in a test tube with a stopper, and 100 µl internal standard 
solution and 100 µl sodium carbonate (0.1 M) were added 

to the test tube and allowed to mix. A total of 3 ml ethyl 
ether‑dichloromethane (60:40, v/v) was then added prior 
to 10 min of eddy‑mixing, followed by shaking for 10 min 
(240 times/min). The samples were then centrifuged for 5 min 
at 2,136 x g. The upper organic phase was placed in a new tube, 
and after blow‑drying with N2 stream at 25˚C, 200 µl mobile 
phase was added to the residue for dissolution. After a second 
round of eddy‑mixing, 10 µl of the samples were collected for 
LC/MS/MS analysis.

Chromatography and mass spectrometry for the pharmacoki‑
netic study of prodrugs in beagle dogs. The chromatographic 
conditions and mass spectrometer conditions are the same 
as described above in the ‘Chromatography and mass spec-
trometry for the pharmacokinetic screening of the ODV ester 
derivatives in rats’ section. The ion reaction used for qualitative 
analysis was m/z 264.1→m/z 107.0 (ODV) and m/z 256.3→m/z 
167.1 (internal standard, benzhydramine).

Determination of the concentration of ODVP‑1, ODVP‑2, 
ODVP‑3 and ODV in plasma, brain, and hypothalamus in 
rats. ODVP‑1, ODVP‑2, ODVP‑3 and ODV were prepared 
in normal saline for oral administration. Eighty rats were 
dosed orally with ODVP‑1, ODVP‑2, ODVP‑3 or ODV 
(0.043 mmol/kg in 0.5 ml). Food was restricted from 12 h 

Figure 2. Typical multiple‑reaction monitoring chromatograms of the seven ester derivatives of O‑desmethylvenlafaxine (ODV) in rat blood (0.043 mmol/kg). 
Chromatograms of plasma samples of rats prior to and 1 h following the administration of (A and B) ODVP‑1, (C and D) ODVP‑2, (E and F) ODVP‑3, 
(G and H) ODVP‑4, (I and J) ODVP‑5, (K and L) ODVP‑6 and (M and N) ODVP‑7. 
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predosing to 60 min postdosing. At 0.25, 0.5, 1, 2 and 4 h post-
dosing, blood samples were drawn from the sinus and collected 
in heparinized and dichlorvos‑treated test tubes (terminal 
concentration of dichlorvos, 200 µg/ml) for plasma isolation. 
At 0.25, 0.5, 1, 2 and 4 h postdosing, rats were perfused with 
40 ml phosphate‑buffered saline (4˚C) via the left ventricle, and 
the brain was removed and the hypothalamus was dissected. 
The brain and hypothalamus were placed in ice‑cold meth-
anol: water (50:50, v/v) in either 2.0 or 1.0 ml, respectively, 
and maintained on ice until tissue homogenization. Plasma 

and brain tissues were stored at ‑80˚C for further processing. 
For determination of the concentration of ODVP‑1, ODVP‑2, 
ODVP‑3 or ODV in tissues, three standard curves (determina-
tion of ODVP‑1 and ODV, ODVP‑2 and ODV, and ODVP‑3 
and ODV) of plasma or brain tissue (1.0‑1,000 ng/ml) were 
generated from untreated animals. Samples and standards 
(100 µl) were spiked with 100 µl diazepam solution (1.0 µg/ml) 
in acetonitrile to serve as an internal standard. A total of 3.5 ml 
N‑hexane‑dichloromethane‑dimethyl carbinol (300:150:15, 
v/v/v) was then added, and 10  min of eddy‑mixing was 

Figure 3. O‑desmethylvenlafaxine (ODV) average plasma concentration‑time curves in plasma from beagle dogs after intragastric administration of 
0.013 mmol/kg ODV, ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5. (A) ODV; (B) ODVP‑1; (C) ODVP‑2; (D) ODVP‑3; (E) ODVP‑5. 

Table I. Pharmacokinetic parameters after intragastric administration of 0.013 mmol/kg ODV, ODVP‑1, ODVP‑2, ODVP‑3 and 
ODVP‑5 in beagle dogs (n=4), and the relative bioavailability.

Drug	 Cmax (ng/ml)	 Tmax (h)	 t1/2 (h)	 AUC0‑t (ng·h/ml)	 F (%)

ODV	 100±40.81	 0.5±0.2	 2.07±0.49	 255±54.30	 100
ODVP‑1	 91.5±12.03	 0.9±0.1	 3.27±1.37	 324±46.25	 127
ODVP‑2	 108±18.57	 1.2±0.6	 2.45±1.08	 419±50.83	 164
ODVP‑3	 79.4±12.32	 1.7±1.0	 2.25±0.22	 301±30.61	 118
ODVP‑5	 89.6±33.29	 0.8±0.2	 3.44±2.48	 269±94.90	 105

ODV, O‑Desmethylvenlafaxine.
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performed followed by shaking for 10 min (240 times/min). 
The samples were then centrifuged for 5 min at 2,136 x g. 
The upper organic phase was placed in a new tube, and after 
blow‑drying with N2 stream at 25˚C, 200 µl methanol: 0.05% 
formic acid (50:50, v/v) was added to the residue for dissolu-
tion. After a second round of eddy‑mixing, 20 µl sample was 
collected for LC/MS/MS analysis. 

Statistical analysis. BAPP2.2 software (China Pharmaceutical 
University, Nanjing, China) was used to calculate the pharma-
cokinetic parameters. The trapezoidal method was selected for 
calculation of the AUC0‑t value. Based on the semi‑logarithmic 
map method, the t1/2 was calculated in accordance with the 
endmost four concentration points of the elimination phase. 
The Cmax and Tmax were calculated with the measured values, 
the AUC0‑t after ODV administration was set as 100%, and the 
relative bioavailability was calculated according to the AUC0‑t 
of ODV after the administration of each ODV prodrug.

Results

Pharmacokinetic screening of the ODV ester derivatives 
in rats. ODV was clearly detected in the rat plasma of the 
ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5 groups at 5, 10, 
30 min and 1 h after intragastric administration, while ODV 
was not detected in the rat plasma of the ODVP‑4, ODVP‑6 
and ODVP‑7 groups at any time points. The pharmacokinetic 
screening results showed that the monoesters (ODVP‑1, 

ODVP‑2, ODVP‑3 and ODVP‑5) formed on the phenolic 
hydroxyl of ODV could be degraded to ODV in blood, while 
the diesters (ODVP‑4, ODVP‑6 and ODVP‑7) formed on the 
alcoholic hydroxyl and the phenolic hydroxy could not be 
degraded to ODV in blood. The HPLC‑MS/MS qualitative 
detection of ODV in blood samples from each group 1.0 h after 
administration is shown in Fig. 2.

Pharmacokinetic study of prodrugs in beagle dogs. ODV, 
ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5 (0.013 mmol/kg) 
were administered to beagle dogs. The ODV average plasma 
concentration‑time curve for each treatment is shown in 
Fig. 3. The plasma concentration data was analyzed using 
the non‑compartment model by the BAPP2.2 software. The 
pharmacokinetic parameters are shown in Table I.

The ODV and the screened ODV prodrugs (ODVP‑1, 
ODVP‑2, ODVP‑3 and ODVP‑5) were orally administered to 
beagle dogs at a dose of 0.013 mmol/kg. The AUC0‑t values 
were calculated as 324, 419, 301 and 269 ng·h/ml, respectively. 
Taking the AUC0‑t of 255 ng·h/ml of ODV as 100%, the relative 
bioavailabilities of ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5 
were calculated at 127, 164, 118 and 105%, respectively. The 
bioavailabilities of ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5 
were all increased compared with ODV succinate. Notably, the 
bioavailability of ODVP‑2 was enhanced by >60%, indicating 
a marked improvement.

The Cmax of ODV was 100 ng/ml, and the Cmax values of 
ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5 were 91.5, 108, 

Figure 4. Comparison of the concentrations of ODV in plasma, brain, and hypothalamus after administration of equimolar ODVP‑1, ODVP‑2, ODVP‑3, 
and ODV (0.043 mmol/kg, mean ± SD, n=4). ODV in plasma, brain, and hypothalamus after administration of (A) ODVP‑1, (B) ODVP‑2, (C) ODVP‑3 and 
(D) ODV, respectively; (E) ODVP‑1, (F) ODVP‑2 and (G) ODVP‑3 in the plasma, brain, and hypothalamus after administration of each respective compound. 
(H) ODV in hypothalamus after administration of ODV, ODVP‑1, ODVP‑2 and ODVP‑3. ODV, O‑desmethylvenlafaxine.
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79.4  and 89.6 ng/ml, respectively. The Cmax of each ODV 
prodrug was relatively close to the Cmax of ODV. While 
ODVP‑3 reached the maximum ODV concentration at 1.7 h, 
ODVP‑1, ODVP‑2 and ODVP‑5 all reached the maximum 
ODV concentration at ~1.0 h. Notably, all of their peak times 
were later compared with the original drug ODV (0.5 h).

The half‑lives of ODV after the administration of ODVP‑1, 
ODVP‑2, ODVP‑3 and ODVP‑5 were 3.27, 2.45, 2.25 and 
3.44 h, respectively. All were longer than the half‑life of ODV 
(2.07 h).

Concentrations of ODVP‑1, ODVP‑2, ODVP‑3 and ODV in 
the plasma, brain and hypothalamus in rats after oral admin‑
istration. Concentrations of ODVP‑1, ODVP‑2, ODVP‑3 and 
ODV were determined in plasma, total brain and hypothalamus 
in rats for each time point over a 4‑h period (Fig. 4). Total 
brain represents the remainder of brain tissue after dissecting 
the hypothalamus.

The concentration of ODV in plasma, brain and hypothal-
amus after administration of ODVP‑1, ODVP‑2 or ODVP‑3 was 
higher compared with that of ODV at the same time point after 
administration of ODV. Trace quantities of ODVP‑1, ODVP‑2 
or ODVP‑3 were detected in the blood and hypothalamus after 
administration of ODVP‑1 over a 2 h period. We clearly found 
that ODVP‑1, ODVP‑2, or ODVP‑3 were absorbed into blood 
and translated into ODV rapidly.

Discussion

Prodrugs are bioreversible derivates of drug molecules that 
transform by carboxylesterase in vivo to release the active 
parent drug  (24). The aim of this approach is to increase 
the usefulness of a drug by improving the physicochemical, 
biopharmaceutical or pharmacokinetic properties of the 
compound (25‑28). By chemically modifying an active agent, 
various mitigating factors to efficacy may be overcome, such as 
poor aqueous solubility, chemical instability, insufficient oral 
absorption, rapid presystemic metabolism, inadequate brain 
penetration, toxicity and irritation (25‑28). Prodrugs may also 
prolong the duration of drug action (29). The ODV molecule 
contains two hydroxyls: A phenolic hydroxyl and an alcoholic 
hydroxyl. We used chemical bonding to connect a phenolic 
hydroxyl or two hydroxyls, and different vectors were used to 
successfully synthesize seven ODV ester derivatives. In order 
to conduct the pharmacokinetic evaluation of the ODV ester 
derivatives, equimolar quantities of the newly synthesized 
ODV ester derivatives were intragastrically administered 
to Wistar rats. Results showed that among the seven newly 
synthesized compounds, the monoester formed on the phenolic 
hydroxyl of ODV (ODVP‑1, ODVP‑2, ODVP‑3 and ODVP‑5) 
could be degraded to ODV in rat plasma, confirming these 
as possible prodrugs, whilst the diester formed both on the 
alcoholic hydroxyl and phenolic hydroxyl of ODV (ODVP‑4, 
ODVP 6 and ODVP‑7) could not be degraded to generate ODV 
in rat plasma, eliminating them for consideration as potential 
prodrugs.

Carboxylesterase is an enzyme that is capable of hydrolyzing 
a wide variety of carboxylic acid esters (30). The enzyme is 
widely distributed in nature, being particularly common in the 
mammalian liver (31‑33). Blood from rodents and beagle dogs 

is routinely treated with dichlorvos to inhibit esterase‑cata-
lysed ex vivo hydrolysis of ester derivatives (34,35). In the 
present study, the efficacy of this inhibitor was demonstrated 
in pooled samples of rat or dog blood and plasma incubated 
with newly synthesized ODV ester derivatives. The results of 
the present study demonstrated that treatment of fresh blood 
with dichlorvos is effective in preventing the ex vivo decom-
position of the ODV ester prodrug.

Species differences of hydrolase activity in small intestine 
and liver can result in different exposures to prodrug and active 
form after administration of prodrugs. The relative bioavail-
ability of ODV after administration of ODVP‑1, ODVP‑2 and 
ODVP‑3 in beagles (127, 164 and 118%, respectively) were all 
higher than those of ODV in rats, which were 98.4, 110 and 
104%, respectively, as reported in our previous paper (23). This 
data indicates that the hydrolytic activity in canine small intes-
tine is lower than in rats, so the absorption and bioavailability 
of ODVP‑1, ODVP‑2 and ODVP‑3 are all higher in canines 
than in rats. These finding coincide with the study performed 
by Taketani et al (36) which reported that no hydrolase activity 
was detected in dog small intestine.

Following the oral administration of ODVP‑1, ODVP‑2 or 
ODVP‑3, the compounds were absorbed into the blood from 
the stomach and small intestine. The majority of ODVP‑1, 
ODVP‑2 or ODVP‑3 in the blood was translated into ODV 
rapidly, and a trace quantity in the blood was not degraded 
that rapidly entered the brain. The present study evaluated 
brain concentrations of ODV, ODVP‑1, ODVP‑2 or ODVP‑3 
over time after oral administration in male rats. ODVP‑1, 
ODVP‑2 and ODVP‑3 demonstrated rapid hypothalamus 
penetration, with hypothalamus concentrations in excess 
of those noted in the plasma after a single oral administra-
tion of ODVP‑1, ODVP‑2 or ODVP‑3. The results shown in 
Table I and Fig. 3 indicate that ODVP‑1, ODVP‑2 and ODVP‑3 
demonstrate higher bioavailability and improved pharmaco-
kinetics compared with equimolar ODV. In addition, ODV 
and ODVP‑1, ODVP‑2 or ODVP‑3 were all detected in the 
brain and hypothalamus after oral administration of ODVP‑1, 
ODVP‑2 or ODVP‑3. The difference is that ODV has been 
maintained at relatively high concentrations for 0‑4 h, while 
ODVP‑1, ODVP‑2 or ODVP‑3 last for only 0‑2 h to maintain 
a certain concentration and significantly decreased with time.

In summary, ODVP‑1, ODVP‑2, and ODVP‑3 demon-
strated higher bioavailability and improved pharmacokinetics 
properties than ODV, penetrated the male rat brain and hypo-
thalamus rapidly. Collectively, the results of this study indicate 
that these ODV prodrugs may be useful for further develop-
ment and application.
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