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Pharmacokinetics of Gamma-Hydroxybutylic Acid (GHB)and
 

Gamma-Butyrolactone(GBL), the Anti-Angiogenic Metabolites
 

of Oral Fluoropyrimidine UFT, in Patients with Gastric Cancer
 

Yasunori EMI ,Yasushi SUMIYOSHI ,Eiji OKI ,Yoshihiro KAKEJI ,
Yousuke FUKUI and Yoshihiko MAEHARA

Department of Surgery and Science,Graduate School of Medical Science,Kyushu University

Personalized Medicine Research Laboratory, Taiho Pharmaceutical Co. Ltd.,

Abstract  Gamma-hydroxybutylic acid (GHB) and gamma-butyrolactone (GBL), the
 

metabolites of UFT, which is an oral fluoropyrimidine, have been reported to inhibit
 

angiogenesis with IC50 values of 25.8 ng/ml. The pharmacokinetics of GHB and GBL
 

were examined after the administration of UFT in patients with gastric cancer. The
 

patients received 200 mg of UFT orally twice a day. Peripheral blood samples were
 

collected at 0, 0.5, 1, 2 and 4 hr after the time of dosing on day 5. The baseline and
 

endogenous GBL concentrations in plasma were 20.2± 7.5 ng/ml for patients and 16.8±
4.0 ng/ml for volunteers(P＝ 0.221). The values of Cmax for tegafur,uracil,5-FU and

 
GBL were 14.7± 5.2 and 4.0± 2.8μg/ml, 191.2± 115.3 and 147.5 ± 57.3 ng/ml,
respectively,and the values of Tmax were 1.0± 0.6,1.1± 0.6,0.9 ± 0.6 and 1.2± 0.
6 hr,respectively. The concentration of GBL was much higher than its IC50 value for

 
angiogenesis. GBL is thus suggested to contribute to the anticancer effects of UFT in

 
addition to that of 5-FU,which is continuously metabolized from UFT.
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Introduction
 

UFT is an oral fluoropyrimidine formed
 

by the combination of uracil and 1-(2-tetra-

hydrofuryl)-5-fluorouracil (tegafur) at a
 

molar ratio of 4:1. It was developed by
 

Fujii et al. in Japan and has been used
 

for the treatment of various solid cancers

(Fig.1). Tegafur is a prodrug that is gradu-

ally converted into fluorouracil (5-FU) in
 

the liver by p-450 enzyme. Uracil enhances
 

the serum concentration of 5-FU by the
 

competitive inhibition of dihydropyrimidine

 

dehydrogenase (DPD),which is the enzyme
 

responsible for 5-FU catabolism . Oral
 

UFT generates a higher maximal plasma
 

level of 5-FU than the protracted intra-

venous injection of 5-FU given in a dose
 

that is equimolar to the amount of tegafur
 

in UFT .

UFT is effective as adjuvant chemother-

apy for gastric cancer ,colon cancer ,rec-

tal cancer , non-small-cell lung cancer

and breast cancer .

Recent  reports have shown gamma-

hydroxybutylic acid (GHB) and gamma-

butyrolactone (GBL), the metabolites of
 

tegafur (Fig. 1), in chemical equilibrium
 

under physiological conditions, to inhibit
 

angiogenesis in an experimental system .
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However, the pharmacokinetics of these
 

metabolites,has not yet been clarified yet in
 

humans. The concentration of GBL after
 

oral administration of UFT has not been
 

demonstrated to obtain the level of anti-

angiogenesis. Only the GBL concentration
 

after the intravenous rapid administration
 

of tegafur had been reported . The pres-

ent study examined the pharmacokinetics of
 

GBL after the oral administration of UFT
 

in patients with Stage I gastric cancer, in
 

comparison to the endogenous GBL level in
 

healthy volunteers.

Patients and methods
 

Patients
 

Ten patients, including 7 males and 3
 

females, with histologically identified gas-

tric cancer and a median age of 60 years

(ranging from 48 to 69 years old) and ten
 

male healthy volunteers were enrolled in
 

this study. Written informed consent was
 

obtained from all the patients and volun-

teers who participated in this study.

Administration, blood sampling  and
 

treatment

 

The patients received 200 mg of UFT

(tegafur-uracil;Taiho Pharmaceutical Co.,

Ltd., Tokyo, Japan) twice a day. The
 

patients fasted for 1 hr before and after
 

administration. Four ml of heparinized
 

peripheral venous blood was collected at 8:

00am in the morning before the start of
 

administration as a baseline for the respec-

tive cases. Blood was also collected from
 

healthy volunteers as controls under the
 

same conditions. Blood was collected at 0,

0.5,1,2 and 4 hr after the time of dosing at
 

8:00 in the morning on day 5 after the start
 

of administration of UFT. The blood was
 

centrifuged at 5℃ and 3,000 r.p.m. for 10
 

min to separate the plasma. The plasma
 

was immediately frozen and stored at

－80℃ until analysis.

Determination of drug concentrations
 

Tegafur, 5-FU and uracil
 

The concentrations of tegafur and 5-FU
 

were analyzed by the modified modification
 

of the methods of Matsushima et al. ,and
 

uracil was determined according to the
 

method of Marunaka et al. .
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Fig.1 UFT and its metabolites
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GHB and GBL
 

GHB and GBL were extracted with dich-

loromethane from the samples under acidic
 

conditions established with hydrochloric
 

acid according to the report of Fukui et
 

al. . GBL and GHB are the tautomers in
 

solution as well under physiological condi-

tions. Hydrochoric acid was added to
 

quantitatively convert GHB into GBL,then
 

GBL was quantified as the sum of GHB and
 

GBL. A 0.2 ml aliquot of plasma,100 ng of
 

GBL-d6(Aldrich Chemical Co.,Milwaukee,

WI,USA)as the internal standard and 0.5
 

ml of 6mol/l hydrochloric acid (Wako Pure
 

Chemical, Osaka, Japan)were added. To
 

this solution, 2 ml of dichloromethane

(Wako Pure Chemical)was added,and the
 

solution was then shaken for 10 min and
 

centrifuged at 5℃ and 2,500 r.p.m. This
 

procedure was repeated twice. The dich-

loromethane layers were combined and con-

centrated at 35℃ in a stream of nitrogen to
 

50 μl to obtain the sample for quantifica-

tion. GC/MS analysis was conducted using
 

a Trace GC-MS, quadropole mass
 

spectrometer with gas chromatography

(Thermo Fisher,San Jose,CA, USA), with
 

a DB-Wax capillary column (J&W,30m x
 

0.32 mm ID,film thickness:0.25μm).

Pharmacokinetic and statistical ana-

lyses

 

The maximum plasma concentration and
 

the time required to reach the maximum
 

plasma concentration were defined as Cmax
 

and Tmax, respectively. Data are expres-

sed as the mean with standard deviation

(SD). Student’s t-test was performed to
 

identify any significant differences between
 

the baseline GBL values for patients with
 

gastric cancer and healthy volunteers,and a
 

two-tailed level of P＜0.05 was considered
 

to be significant.

Results
 

The baseline GBL concentrations in
 

plasma were 20.2± 7.5 ng/ml for patients
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Fig. 2 Plasma concentration of UFT metabolites,
Tegafur(□),5-FU(◇),Uracil(△),GBL(●).
The data points were expressed with logar-
ithmic plots for Y axis. The data points of
“pre”indicate the endogenous GBL concen-
trations of cancer patients (★)and healthy

 
volunteer (☆).

Table 1 The concentration of Tegafur,5-FU,Uracil and GBL
 

Patient  UFT dosage
(mg/m/day)

Tegafur (μg/ml) Tegafur (μg/ml) Tegafur (μg/ml) Tegafur (μg/ml)

Cmax  Tmax  Cmax  Tmax  Cmax  Tmax Base line Cmax  Tmax
 

1  265.4  18.9  1.0  126.2  1.0  3.46  1.0  34.8  152.1  1.0
 

2  251.9  12.5  1.0  86.6  0.5  0.97  1.0  19.9  113.4  1.0
 

3  285.0  8.3  1.0  51.5  1.0  0.36  0.5  17.7  176.3  1.0
 

4  232.5  16.4  1.0  298.3  0.5  5.58  1.0  11.4  182.0  0.5
 

5  223.4  10.1  2.0  62.8  2.0  0.74  2.0  15.1  104.4  2.0
 

6  263.3  16.4  0.5  371.3  0.5  8.21  1.0  28.5  275.6  0.5
 

7  285.8  26.3  2.0  130.1  2.0  3.72  2.0  19.7  72.8  2.0
 

8  274.5  14.1  0.5  288.9  0.5  4.98  1.0  26.0  114.9  1.0
 

9  242.0  13.7  0.5  198.6  0.5  6.37  0.5  17.1  115.3  2.0
 

10  257.8  10.7  0.5  297.6  0.5  6.07  0.5  11.8  167.8  0.5
 

Mean  258.2  14.7  1.0  191.2  0.9  4.0  1.1  20.2  147.5  1.2
 

SD  21.1  5.2  0.6  115.3  0.6  2.7  0.6  7.5  57.3  0.6
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with gastric cancer and 16.8± 4.0 ng/ml
 

for healthy volunteers and show no signifi-

cant difference (P ＝ 0.221;Fig. 2). The
 

pharmacokinetic parameters of the plasma
 

concentrations of tegafur,5-FU,uracil and
 

GBL after administration of UFT in the
 

respective patients with gastric cancer are
 

shown in Table 1, and the mean plasma
 

concentration-time profiles of tegafur, 5-

FU,uracil and GBL are shown in Figure 2.

The values of Cmax for tegafur,uracil,5-

FU and GBL were 14.7± 5.2 and 4.0± 2.7

μg/ml,191.2± 115.3 and 147.5± 57.3 ng/

ml, respectively, and the values of Tmax
 

were 1.0± 0.6,1.1± 0.6,0.9 ± 0.6 and
 

1.2± 0.6 hr, respectively (Table 1). The
 

5-FU concentration showed a similar time-

profile of uracil,and the GBL concentration
 

profile was similar to that of the parent
 

drug,tegafur.

Discussion
 

The postoperative administration of UFT
 

has been reported to prolong survival .

However,since the antitumor effect of UFT
 

alone is not high,namely ranging from 9%

to 20% ,it is considered that the inhibitory
 

effects of UFT on angiogenesis are likely to
 

be due to some other possible mechanism of
 

action involved in the antitumor effect.

Yonekura et al. and Basaki et al. report-

ed that the antiangiogenic effects of UFT
 

could be attributable to the actions of 5-FU,

GHB and GBL,which are in chemical equi-

librium under physiological conditions,and
 

the latter exists in vivo predominantly as
 

GHB (Fig.1)while the inhibitory effects of
 

GHB and GBL on angiogenesis are specific
 

for  VEGF . GHB suppresses  the
 

chemotactic migration and tube formation
 

of human umbilical vein endothelial cells

(HUVECs) stimulated by VEGF without
 

inhibiting DNA synthesis in vitro. The

 

way that GHB suppresses the VEGF related
 

signal transduction pathway has been previ-

ously demonstrated. Moreover, the phar-

macokinetics of the GBL concentration
 

after the administration of UFT to patients
 

still remain to be elucidated. The GBL
 

concentration after the intravenous adminis-

tration of tegafur,a component of UFT,has
 

so far only reported by Au and Sadee ,but
 

at 2000 mg/m/day for 2 days by intra-

venous infusion over 30 min, the dose of
 

tegafur was larger than the usual dose of
 

UFT,and the concentration was determined
 

at only one point about 2 hr after adminis-

tration to only 2 patients. The present
 

study clarified the baseline, as an en-

dogenous GBL concentration in 10 gastric
 

cancer patients and healthy volunteers,and
 

the changes in the GBL concentrations after
 

the administration of 200 mg of UFT twice
 

a day orally on day 5 after the start to
 

cancer patients for the first time. The
 

Cmax obtained for GBL was 147.5 ng/

ml(equivalent to 1.71μM), which was 5.5
 

times higher than the 50% inhibitory con-

centration(IC50,0.31μM)of tube formation
 

of human umbilical vein endothelial cells

(HUVEC)with GBL reported by Basaki et
 

al. , and the concentration of 78.0 ng/ml

(equivalent to 0.91μM),which was 3.0 times
 

higher than the IC50,was maintained at 4 hr
 

after administration.

Based on the pharmacokinetics of GBL,

which were clarified in the present study,

the concentration of GBL was much higher
 

than its IC50 value for angiogenesis.

Therefore,GBL is thus suggested to contrib-

ute to the anticancer effects of UFT in
 

addition to that made by 5-FU, which is
 

continuously metabolized from UFT. In
 

combination with the continuous adminis-

tration of 5-FU, which acts to inhibit an-

giogenesis ,it is thought that GBL has no
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inhibitory effects on cell proliferation it-

self .

GBL and GHB are endogenous com-

pounds found in certain regions of both
 

animal brains and the human brain where
 

GHB may play a physiological role in the
 

regulation of nerve activity, related with
 

GABA . No differences in the en-

dogenous concentration of GBL were obser-

ved between healthy volunteers and cancer
 

patients. As a result, the change in GBL
 

observed in this study seems to be due to the
 

administration of oral UFT.

In addition to proliferating cancer cells
 

and various types of normal cells, conven-

tional cytotoxic chemotherapeutics affect
 

the endothelium of the growing tumor vas-

culature. Kerbel et al. reported that the
 

anti-angiogenic effects of chemotherapy
 

seem to be optimized by the administration
 

of such drugs ‘metronomically’in small
 

doses on a frequent schedule(daily,several
 

times a week, or weekly) in an uninter-

rupted manner, for prolonged periods.

Metronomic chemotherapy may significant-

ly increase the anti-tumor effect when ad-

ministered in combination with anti-an-

giogenic drugs, such as antibodies against
 

VEGF or VEGF receptor-2 . The oral
 

administration UFT itself is a‘metronomic
 

chemotherapeutic’,because GHB and GBL
 

themselves have anti-angiogenic potential.

This might explain why UFT is more effec-

tive during the postoperative adjuvant
 

phase , than in the treatment of metas-

tatic disease .

In conclusion,according to the pharmaco-

kinetics of GBL, the metabolite of UFT
 

may play an important role in the anti-

angiogenetic action in gastric cancer
 

patients. Future studies must examine the
 

relationship between the blood GBL concen-

trations and the effects of the postoperative

 

administration of UFT,as well as the rela-

tionship between the concentrations of
 

VEGF in blood or tumors and the effects of
 

UFT.
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(和文抄録)

胃癌患者における経口フッ化ピリミジンUFTの体内動態の検討 :
血管新生阻害作用を示す代謝物 GHBと GBLを中心に

九州大学大学院 消化器・総合外科

大鵬薬品工業株式会社 テーラーメイド医療研究所

江 見 泰 徳 ，住 吉 康 史 ，沖 英 次 ，掛 地 吉 弘 ，福 井 陽 介 ，前 原 喜 彦

経口フッ化ピリミジン系抗がん剤の一つであるUFT（tegafur-uracil）は，近年，その代謝物で

あるγ-hydrobutylic acid（GHB）とγ-butyronolactone（GBL）が，in vitro，in vivoで血管新

生阻害作用を示すことが報告された．しかしながら，UFT常用量における，これらの代謝物の体内

動態は明らかにされていない．今回，我々は胃癌患者におけるUFT内服後のGBLの動態を検討し

た．組織学的に確認され根治切除手術がなされた胃癌症例10例に対し，術後補助化学療法として

UFT 400mg 2x dailyが投与された．UFT服薬開始後５日目，朝の服薬開始時点から0，0.5，1，

2，４時間後に採血を施行した．対照として健常人ボランティア10名から，UFTの内服が無い状態

で採血をおこなった（内因性GBL濃度）．Tegafur，5-FU，uracil，GBLをガスクロマトグラフィー

法にて測定した．内因性およびベースライン定常状態GBL濃度は，健常者で16.8±4.0ng/ml，胃

癌患者で20.2±7.5ng/mlと差は無かった（p＝0.221）．Tegafur，5-FU，uracil，GBLのCmax

は 14.7± 5.2 and 4.0± 2.7μg/ml，191.2± 115.3 and 147.5± 57.3 ng/mlであり，Tmax

は 1.0± 0.6，1.1± 0.6，0.9 ± 0.6 and 1.2± 0.6 hrであった．GBLのヒト血漿中体内動態

は，それが in vitroにおいて，血管新生抑制作用を示す IC50＝25.8ng/mlよりも十分に高い濃度に

維持されることが証明された．UFTの示す活性に，主代謝物である5-FUの抗腫瘍活性，血管新生

抑制作用に加えて，直接の抗腫瘍活性を持たない副代謝物のGHB，GBLが血管新生抑制作用を介

して関与している可能性が示唆された．
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