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Abstract 

    2R-!-tocotrienol (!"#3) is currently receiving attention because it has beneficial effects not 

observed with $-tocopherol, the commonly used form of Vitamin E. Ubiquinol-10 (UqH-10), the 

two-electron reduced form of ubiquinone-10 (Uq-10), is the only lipid-soluble antioxidant synthesized 

endogenously that is capable of recycling other antioxidants like tocopherol. Therapeutic formulation 

of !-T3 and UqH-10 is difficult because they are insoluble in water and readily oxidized by 

atmospheric oxygen, properties that limit their therapeutic application and complicate their 

bioavailability. To achieve effective delivery of !-T3 and UqH-10, we synthesized 

N,N-dimethylaminoacetate esters of !-T3 and UqH-10, and evaluated their use as hydrophilic prodrugs 

for !-T3 and UqH-10 in vitro and in vivo. 2R-!-Tocotrienyl N,N-dimethylaminoacetate hydrochloride 

(!-T3DMG) and ubiquinol-10 N,N-dimethylaminoacetate hydrochloride (UqH-10DMGs) were 

obtained as hydrosoluble solid compounds and converted to each parent drug by esterases in rat and 

human liver. Intravenous administration of !-T3DMG in rats led to a rapid increase in !-T3 levels in 

the plasma, liver, heart, and kidney. The bioavailability (plasma level) following intravenous 

administration was 82.5 ± 13.4% and 100 ± 11.3% for !-T3DMG and !-T3 in surfactant, respectively; 

availability in the liver was 213 ± 47.6% and 100 ± 4.8% for !-T3DMG and !-T3 in surfactant, 

respectively. Furthermore, the systemic availability of !-T3 metabolite 
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2,7,8-trimethyl-2S-(%-carboxyethyl)-6-hydroxychroman (S-!-CEHC) was 78.6% and 47.1% for 

!-T3DMG and !-T3 in surfactant, respectively. AUC values of UqH-10 following oral administration 

of UqH-10DMGs were higher than those of Uq-10 in fasting state rats. In addition, AUC values of 

UqH-10 after UqH-10DMGs administration were less influenced by the flow of bile than those of 

Uq-10. Based on these results, we identified !-T3DMG as the most promising water-soluble prodrug 

of !-T3 and two-step prodrug of S-!-CEHC, and UqH-10DMGs as a useful water-soluble prodrug of 

UqH-10. 
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1. !-T3  
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Fig. 1. Concept for drug delivery system for !-T3 and S-!-CEHC. 
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!-T3 aminoalkylcarboxylic acid in vitro  

prodrug prodrug  (promoiety) 

!-T3 15 UqH-10 50

!-T3 promoiety

!-T3 promoiety prodrug

Fig. 2 prodrug in vitro

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Chemical structures of !-T3, S-!-CEHC, and 2R-!-tocotrienol ester derivatives. 
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!-T3DMG prodrug in vivo  

!-T3DMG carboxyl esterase

prodrug

!-T3DMG prodrug in vivo  

Table

!-T3 !-T3 bioavailability !-T3DMG

82.5 ± 13.4% !-T3 100 ± 11.3% bioavailability !-T3DMG

213 ± 47.6% !-T3 100 ± 4.8% !-T3DMG

!-T3 in vivo

prodrug  

 

 

Table 1 Pharmacokinetic Parameters in Plasma and Liver after the i.v. Administration of !-T3 and 

!-T3DMG in the Ratsa) 

  !-T3   !-T3DMG 

  Plasma Liver Plasma Liver 

For !-T3DMG  

 Cmax ("mol.ml-1 or g-1)   0.171 ± 0.066 0.217 ± 0.099  

 Tmax (h)   0.25 0.25 

 AUC ("mol.h.ml-1 or g-1)    0.051 ± 0.016  0.456 ± 0.026 

 MRT (h)   0.29 ± 0.02 2.19 ± 0.10 

For !-T3 

 Cmax ("mol.ml-1 or g-1) 0.175 ± 0.041 0.529 ± 0.047 0.078 ± 0.011 0.549 ± 0.150  

 Tmax (h) 0.25 0.5 0.25 0.25 

 AUC ("mol.h.ml-1 or g-1) 0.097 ± 0.011 0.563 ± 0.027 0.080 ± 0.013 1.20 ± 0.268  

 MRT (h) 2.00 ± 0.27 1.89 ± 0.12 2.28 ± 0.33 3.22 ± 0.67 

 F (%) 100
 
± 11.3 82.5 ± 13.4 

 FLiver (%) 100 ± 4.8 213 ± 47.6 

 Selective advantage  1.0 4.1 

  a) The values are the mean and S.D. of three rats at a dose of 25 mg/kg equivalent for !-T3. 
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!-T3DMG !-CEHC two-step prodrug  

S-!-CEHC R-!-CEHC 20 !-T3

2R S-!-CEHC

 [18] 2R !-T3 bioavailability !-T3DMG S-!-CEHC two-step 

prodrug !-T3DMG !-T3

!-CEHC S-!-CEHC !-T3DMG

S-!-CEHC 1 Cmax !-T3DMG

S-!-CEHC  (MRT) !-CEHC 7

S-!-CEHC !-T3DMG !-T3

!-CEHC S-!-CEHC bioavailability 78.6% 47.1% 100%

!-T3DMG S-!-CEHC two-step prodrug  (Table 2)  

 

 

Table 2  Pharmacokinetic parameters for S-!-CEHC after the i.v. administration of !-T3 and 

!-T3DMG in the rats a) 

  !-T3 !-T3DMG racemic !-CEHCb) 

 Dose ("mol/kg) 61 61 3.8 

 Cmax (nmol.ml-1) 17.3 ± 2.79 19.2 ± 2.98 12.1 ± 1.42 

 Tmax (h) 1.0 1.0 0.003 

 AUC (nmol.h.ml-1) 60.0 ± 18.4 100 ± 14.7 7.93 ± 4.34 

 MRT (h) 6.80 ± 0.47 6.64 ± 0.50 1.00 

 F  (%) 47.1 78.6 100 

a) !-CEHC was not soluble in distilled water for injection, thus, !-CEHC was solubilized 

with water containing 33% polyethylene glycol and used for i.v. administration. The low 

water solubility of !-CEHC compelled us to adopt a low dose of it for the disposition 

study.  

b) from Ref. [19]. 
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2. UqH-10  

 

UqH-10 Uq-10 95% UqH-10

Uq-10 UqH-10 prodrug

Uq-10 bioavailability

 

UqH-10

UqH-10 prodrug in vitro in vivo

prodrug  

 

UqH-10 N,N-dimethylglycine in vitro  

!-T3 prodrug N,N-dimethylglycine prodrug promoiety

UqH-10 N,N-dimethylglycine ester  (1-mono, 4-mono, 1,4-bis) 

Fig. 3 in vitro UqH-10

 

 

 

 

 

 

 

 

 

Fig. 3. Chemical structures of UqH-1-DMG, UqH-4-DMG and UqH-1,4-DMG 
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UqH-10 prodrug in vivo  

bioavailability

bioavailability

UqH-10

 

UqH-10 AUC Uq-10 AUC

UqH-1-DMG > UqH-4-DMG > UqH-1,4-DMG >> Uq-10  (Fig. 4)

UqH-10 UqH-10 bioavailability

prodrug  

UqH-10 Uq-10

Uq-10

UqH-10

Uq-10 AUC -

 (Table 3) 

3 UqH-10 bioavailability UqH-10 prodrug
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 (a) UqH-1-DMG (b) UqH-4-DMG 

 

 

 

 

 

 

 

 

 

 (c) UqH-1,4-DMG (d) Uq-10 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Mean plasma concentration of UqH-10 after the p.o. administration of UqH-1-DMG,

UqH-4-DMG, UqH-1,4-DMG and Uq-10 in the fasting state rats. Key : ( ) UqH-1-DMG;

( ) UqH-4-DMG; ( ) UqH-1,4-DMG; ( ) Uq-10; ( ) Control. Each point represents 

mean SD of three rats. 

 

 

 

 

 

 

 

(c) UqH-1,4-DMG (d) Uq-10
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Table 3.  Pharmacokinetic parameters for UqH-10 after p.o. administration of UqH-1-DMG, 

UqH-4-DMG, UqH-1,4-DMG and Uq-10 in the fasting state rats and feeding-controlled 

rats. 

 UqH-1-DMG UqH-4-DMG UqH-1,4-DMG Uq-10 

in fasting state     

Dose (µmol/kg) 40.5 40.5 40.5 40.5 

Cmax (µmol/L) 1.05 ± 0.766 1.13 ± 0.372 1.01 ± 0.310 0.265 ± 0.0296 

Tmax (h) 3 2 3 10 

AUC (µmol h/L) 8.95 ± 4.06 8.08 ± 3.51 4.73 ± 2.87 2.97 ± 1.83 

MRT (h) 9.98 ± 3.46 8.69 ± 0.394 8.67 ± 2.08 10.1 ± 3.31 

     

in feeding-controlled     

Dose (µmol/kg) 40.5 40.5 40.5 40.5 

Cmax (µmol/L) 2.67 ± 1.22 3.32 ± 0.751 2.70 ± 1.49 2.21 ± 0.881 

Tmax (h) 4 3 12 4 

AUC (µmol h/L) 38.0 ± 16.9 40.9 ± 9.62 41.6 ± 15.5 38.0 ± 4.33 

MRT (h) 11.3 ± 1.54 9.94 ± 0.511 11.7 ± 0.607 13.0 ± 0.279 

    

F (%) 424 506 880 1279 

   The values are the mean and S.D. of three rats. 
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