
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Studies of the Pharmacokinetics and Toxicology of 2',3'-Dideoxy-β-L-5-
fluorocytidine (β-L-FddC) and 2',3'-Dideoxy-β-L-cytidine (β-L-ddC) In
Vivo; and Synthesis and Antiviral Evaluations of 2',3'-Dideoxy-β-L-5-
azacytidine
Tai-Shun Lina; Xin Guoa; Mei-Zhen Luoa; Mao-Chin Liua; Yong-Lian Zhua; Ginger E. Dutschmana; S.
Balakrishna Paia; Mao-Mi Lib; Yung-Chi Chenga

a Department of Pharmacology and The Comprehensive Cancer Center, b Department of Pathology,
Yale University School of Medicine, New Haven, Connecticut, U.S.A.

To cite this Article Lin, Tai-Shun , Guo, Xin , Luo, Mei-Zhen , Liu, Mao-Chin , Zhu, Yong-Lian , Dutschman, Ginger E. ,
Pai, S. Balakrishna , Li, Mao-Mi and Cheng, Yung-Chi(1995) 'Studies of the Pharmacokinetics and Toxicology of 2',3'-
Dideoxy-β-L-5-fluorocytidine (β-L-FddC) and 2',3'-Dideoxy-β-L-cytidine (β-L-ddC) In Vivo; and Synthesis and Antiviral
Evaluations of 2',3'-Dideoxy-β-L-5-azacytidine', Nucleosides, Nucleotides and Nucleic Acids, 14: 3, 619 — 625
To link to this Article: DOI: 10.1080/15257779508012438
URL: http://dx.doi.org/10.1080/15257779508012438

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257779508012438
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 14(3-5), 619-625 (1995) 

STUDIES OF THE PHARMACOKINETICS AND TOXICOLOGY OF 2',3'- 

L-CYTIDINE (P-L-ddC) IN VZVO; AND SYNTHESIS AND ANTIVIRAL 
DIDEOXY-~-L-S-FLUOROCYTIDINE (pi-L-FddC) AND 2',3'-DIDEOXY-P- 

EVALUATIONS OF 2',3'-DIDEOXY-P-L-5-AZACYTIDINE 

Tai-Shun Lin,* Xin Guo, Mei-Zhen Luo, Mao-Chin Liu, Yong-Lian Zhu, 
Ginger E. Dutschman, S. Balakrishna Pai, Mao-Mi Li,* and Yung-Chi Cheng 

Department of Pharmacology and The Comprehensive Cancer Center, and 
$Department of Pathology, Yale University School of Medicine, New Haven, 

Connecticut 06520-8066, U.S.A. 

Abstract: The pharmacokinetics and toxicology of 2',3'-dideoxy-P-~-5-fluorocytidine 
(0-L-FddC) and 2',3'-dideoxy-P-L-cytidine (P-L-ddC) in mice was investigated. In 
addition, 2',3'-dideoxy-P-L-5-azacytidine (P-L-5-aza-ddC) and its or-L-anomer (a-L-5-aza- 
ddC) were synthesized by coupling the silylated 5-azacytosine derivative with l-O-acetyl-5- 
U-(te~r-butyldimethylsilyl)-2,3-dideoxy-~-nbofuranose, followed by separation of the a- 
and P-anomers and were evaluated in vitro against HBV and HIV. P-L-5-aza-ddC was 
found to show significant anti-HBV activity at approximately the same level as 2',3'- 
dideoxy-P-D-cytidine (ddC), which is a known anti-HBV agent. P-L-5-aza-ddC was not 
cytotoxic to L1210, P388, S-180, and CCRF-CEM cells up to a concentration of 100 pM. 
Conversely, the a-L-anomer was not active against HBV at the same concentration, 

Recently, the synthesis and antiviral activity of 2',3'-dideoxy-P-L-5-fluorocytidine 
(P-L-FddC) and 2',3'-dideoxy-P-L-cytidine (P-L-ddC) were reported by our laboratoryl-3 
and by others.4-6 P-L-FddC and P-L-ddC were found to have potent anti-HBV and anti- 
HIV activity in v i m .  The pharmacokinetics and toxicology of these two compounds were 
investigated in mice. The study involved measuring the blood plasma concentration levels 
of P-L-FddC and P-L-ddC as a function of time after oral administration. The plasma 
concentrations of P-L-FddC and @-L-ddC reached their maximum levels -1800 times higher 
than that of their ED50 values (0.01 pM)2 for HBV infection at approximately one hour 
after oral administration of 50 mg/Kg of each compound. P-L-FddC was found to maintain 
the high plasma concentration for a longer period than P-L-ddC. In determining the relative 
toxicity of P-L-FddC and P-L-ddC, five groups of six randomly selected mice were 
administered orally 50 mg/Kg of either @-L-FddC or P-L-ddC twice a day for 30 days. No 
weight-loss toxicity was observed, At the end of the experiments, autopsies revealed no 
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620 LIN ET AL. 

Drugs administered bid x 30 days = Control (water) 

p-L-FddC 10 mglKg 

b-L-FddC 50 mg/Kg 

p-L-ddC 10 mg/Kg 

pL-ddC 50 mglKg 

1 1 5  30 
Time (days) 

Figure 1. Toxicity of P-L-FddC and p-L-ddC in female BDFl mice. 

brain, heart, liver, bone-marrow, pancreas, kidney, or muscle abnormalities. These 
findings are shown in the Figures 1 and 2. 

Groups of six randomly selected mice were orally administered p-L-FddC or P-L-ddC 
at 10 or 50 m a g  dissolved in water or water alone, twice a day for thirty days. During 
this period they were observed for general health and were weighed daily as an index of 
toxicity. The data points above (Figure 1) indicate no weight-loss toxicity and show only a 
slight weight gain as the animals matured. Three mice from each group were terminated on 
the thirtieth day. Tissues and blood were taken at this time for further studies. No 
abnormalities were observed in the paraffin sections of tissues from these mice, which 
include brain, heart, liver, bone-marrow, pancreas, kidney, and muscle. Plasma from 
these mice was also collected and used for clinical chemistry studies. The other three mice 
from each group were used for the pharmacokinetic studies. 

Plasma samples from groups of three mice treated with 10 m a g  or 50 mg/Kg of P- 
L-FddC or P-L-ddC were pooled and used for clinical chemistry studies including creatinine 
and bilirubin levels, as well as the activity of the liver enzymes serum glutamic pyruvic 
transaminase (SGPT), serum glutamic oxalic transaminase (SGOT), lactate dehydrogenase 
(LDH), and alkaline phosphatase. While the levels determined in the tests sometimes fall 
outside the standard human values, there appears to be no significant differences between 
the mice control and treated groups, as shown in Figure 2. 
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Figure 2: A and €3. Clinical chemistry studies of pooled plasma from mice 
treated with P-L-FddC or P-L-ddC. 
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P-L-ddC was administered orally into female BDFl mice at the concentrations as 
previously indicated. Each mouse was bled from the retro-orbital sinus, using a 
heparinized capillary tube. The two groups each represent data from three mice that were 
treated twice a day for 30 days. The animals were given a final dosing, then the first 
mouse in each group was bled at 2 and 5 min, the second at 15 and 30 min, and the third at 
1 and 2 h. The plasma from each sample was removed after centrifugation and 
deproteinized by the addition of one half volume of 45% trichloroacetic acid. The 
supernatants were neutralized by extraction with a mixture of trioctylamine-freon. The 
samples were then quantitated using HPLC with a SCX column and 0.1 M KP04 pH 9 
solvent system. Concentrations were calculated by comparison with known amounts of p- 
L-ddC. The data in Figure 3 suggests that the drug effectively enters the blood after oral 
administration. It is noteworthy that the EDSO concentration for HBV infections was 
previously determined to be 0.01 pM for both P-L-FddC and P-L-ddC.2 In the case of p-L- 
ddC, plasma levels reached their maximum (-800 and 1800 times, respectively. the EDSO 
concentration for HBV infections) at about 30 min after oral administration. 

P-L-FddC was given orally to female BDFl mice at the concentrations indicated 
(Figure 4). Each mouse was bled from the retro-orbital sinus, using a heparinized capillary 
tube. The 50 mg/Kg x 1 line is comprised of data from two mice; one bled at 15 and 30 
min and the other at 1 and 3 h post injection. The two, 30-day groups represent data from 
three mice that were treated twice a day for 30 days. The animals were given a final dose, 
then the first mouse in each group was bled at 2 and 5 min, the second at 15 and 30 min, 
and the third at 1 and 2 h. The plasma from each sample was removed after centrifugation 
and deproteinized by the addition of one half volume of 45% trichloroacetic acid. The 
supernatants were neutralized by extraction with a mixture of trioctylamine-freon. The 
samples were then quantitated using HPLC with a Cis  reverse phase column and 0.03 N 
acetic acid/lO% methanol solvent system. Concentrations were calculated by comparison 
with known amounts of p-L-FddC. In the case of P-L-FddC, plasma levels reached their 
maximum (-500 and 1800 times, respectively, the EDSO concentration for HBV infections) 
at about 30 min after oral administration. P-L-FddC exhibited a greater area under the curve 
suggesting that plasma concentration levels were higher for a longer period of time with P- 
L-FddC compared to P-L-ddC. 

These experiments suggest that P-L-FddC and P-L-ddC effectively enter the blood 
after oral administration and attain concentrations of drug which would be effective for 
treating HBV infections in humans. Moreover, the data also indicate that there is no 
significant difference in the clearance rate of P-L-FddC administered once or twice a day for 
30 davs. 
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Figure 3. P-L-ddC in mouse plasma after oral administration. 
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Figure 4. P-L-FddC in mouse plasma after oral administration. 
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Figure 5. Antiviral activity of P-L-5-aza-ddC and ddC in vitro against HBV. 
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624 LIN ET AL. 

In addition, a new compound 2',3'-dideoxy-P-L-5-azacytidine (p-L-5-aza-ddC) and 
its a-L-anomer (a-~-5-aza-ddC) were synthesized by coupling of the silylated 5- 
azacytosine derivative with l-O-acetyl-5-O-(fert-butyldimethylsilyl)-2,3-dideoxy-L- 
ribofuranose2 in the presence of ethylaluminum dichloride (EtAlC12) in CH2C12, followed 
by separation of the a- and P-anomers by silica column chromatography and removal of the 
5'-blocking group. These compounds were evaluated in vifro against HIV-1 and HBV. p- 
L-5-aza-ddC was found to demonstrate significant anti-HBV activity at approximately the 
same level as 2',3'-dideoxy-P-D-cytidine (ddC), which is a known anti-HBV agent. At 1 

pM, ddC and P-~-5-aza-ddC inhibited the growth of HBV by 40 and 50%, respectively. 
At 10 pM, P-L-5-aza-ddC inhibited the growth of HBV by 90% (Figure 5). Also, P-L-5- 
aza-ddC was not cytotoxic to L1210, P388, S-180, and CCRF-CEM cells up to a 
concentration of 100 pM. Conversely, the a-L-anomer was devoid of any anti-HBV 
activity. 

The structure, physical, and spectroscopic data of P-~-5-aza-ddC are as follows: 

Mp 260 "C (dec); TLC, Rf 0.56 (CH2C12/ 
MeOH), 6:1, v/v); [ a ] ~ ~ ~  -45 O (c  = 0.1 MeOH); 
UV (MeOH) Amax 246 nm (E 5178), hmi, 232 
nm; (0.01 N HC1) Amax 254 nm (E 4499), hmin 
230 nm; (0.01 N NaOH) hma, 246 nm (E  5602), 
hmin 236 nm; lH NMR (MezSO-dg) 6 1.80-2.33 

A J  O N  

(m, 4H, 2'-H and 3'-H), 3.48-3.52 (m, lH, 
5'-HA), 3.70-3.76 (m, IH, 5'-HB), 4.00-4.07 
(m, lH,  4'-H), 5.09 (t, lH,  5'-OH, D 2 0  

p-~-5-aza-ddC exchangeable), 5.83-5.87 (m, lH, 1'-H), 7.39- 
7.41 (br s, 2H, 4-NH2, D20 exchangeable), 
8.62 (s, lH, 6H). 

ACKNOWLEDGEMENT 

These investigations were supported in part by PHS Grants AI-29430 (to T.S.L.) 
and CA-44358 (to Y.C.C.), awarded by the National Institutes of Health, DHHS. 

REFERENCES 

1) Lin, T.S.; Luo, M.Z.; Liu, M.C.; Pai, S.B.; Dutschman, G.E.; Cheng, Y.C. 
Biochem. Pharmacol. 1994,47, 171-174. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



STUDIES WITH P-L-FddC AND P-L-ddC 625 

2) Lin, T.S.; Luo, M.Z.; Liu, M.C.; Pai, S.B.; Dutschman, G.E.; Cheng, Y.C. J. Med. 
Chem. 1994,37, 198-803. 

3) Lin, T.S.; Luo, M.Z.; Liu, M.C. Tetrahedron Lett. 1994,35, 3477-3480. 
4) Mansuri, M.M.; Farina, V.; Starrett, Jr., J.E.; Benigni, D.A.; Brankovan, V.; Martin, 

5 )  Gosselin, G.; Mathe, C.; Bergogne, M.-C.; Aubertin, A.-M.; Kirn, A.; Schinazi, R.F.; 
J.C. Bioorg. Med. Chem. Lett. 1991,1, 65-68. 

Sommadossi, J.-P.; Imbach, J.-L. C. R .  Acad. Sci. Paris, Sciences de la vielLife 
sciences, 1994, 31 7, 85-89. 

6) Gosselin, G.; Schinazi, R.F.; Sommadossi, J.-P.; MathC, C.; Bergogne, M.-C.; 
Aubertin, A.-M.; Kirn, A.; Imbach, J.-L. Antimicrob. Agents Chemother. 1994,38, 
1292-1297. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


