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evaporated under reduced pressure. The residue was extracted
with hot ethanol several times; the extract was concentrated to
dryness, and the residue was recrystallized from ethanol, giving
0.25 g (59%) of the oxime of 4, mp 227-228 °C. Anal. (Cy,-
HyN,O;P), C, H.
[(4-Formyl-3-hydroxy-2-methyl-5-pyridyl)methyl]-
phosphonic Acid (2) and Ethyl [(4-Formyl-3-hydroxy-2-
methyl-5-pyridyl)methyl]phosphonate (3). A solution of 4
(1 g, 3.45 mmol) in 20% HCI (50 mL) was refluxed, hydrolysis
being monitored by removal of small portions, dilution into 0.1
N HC], and measurement of the UV-visible spectrum. Refluxing
was continued for about 5 h until the absorbance ratio A,/
Agsonm attained its minimal value of about 1.8. The solution was
concentrated under vacuum and applied to a 1.2 X 50 cm column
of Dowex 50W-X4 (100-200 mesh) ion-exchange resin in the H*
form and well washed with water. The column was eluted under
nitrogen with water at a flow rate of 36 mL/h, The eluate was
monitored at 280 nm, Compound 3 appeared in the second peak
and compound 2 in the third peak detected in this way; selected
fractions were concentrated under vacuum and lyophilized: yield
51 mg (40%) of 2 and 26 mg (20%) of 3. Both 2 and 3 were
crystallized from water-acetone. NMR (D;0) of 2: § 2.38 (s, 3
H), 3.29 (d, 2 H), 7.5 (s, 1 H, broad), 10.13 (s, 1 H, broad). NMR
(D;0) of 3: 51.09 (t, 3 H), 2.31 (d, 3 H), 3.22 (d, 2 H), 3.71 (sextet,
2 H), 7.41 (s, 1 H, broad), 10.10 (s, 1 H, broad). Mass spectra by
fission fragment ionization for 4, m/z 230 [(M - 1)}, 212 [(M -
1 - H,0)7], 202 [(M - 1 - COY], 80 [(POgH)7], 63 [(PO,)7], 49
[(POH,)J; for 3, m/z 258 [(M - 1)71, 230 [(M - C,H;)"], 228 [(M

-1-CyHy)), 212 [(M - 1 - C;H;0H)7], 79 [(POy)], 63 [(PO,)],
49 [(POH,)™]. Electrophoresis: both 2 and 3 migrated toward
the anode at about the same rate and a little slower than 1 at pH
6.4. A trace impurity, detectable by fluorescence, migrated ahead
of 2 and 3. The IR spectra (KBr) of 4 and 8 show the three special
peaks of phosphate or phosphonate groups at ca. 1245, 1030
(P-0-C), and 1160 (P-0-C) cm™.? the aldehyde peaks of both
2 and 4 appear at 1661 cm™,

Enzyme Assay. The enzymatic activity of aspartate amino-
transferase was assayed by direct spectrophotometric observation
of oxaloacetate formation as described by Furbish et al.2 Glu-
tamate decarboxylase activity was assayed manometrically® at
pH 4.6.
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Various 5-substituted perfluoroalkylpyrimidine nucleoside analogues have been synthesized, and their biological
activity against 1.1210, S-180, Vero cells, and herpes simplex virus type 1 (HSV-1) was evaluated. The 5-trifluoromethyl
derivatives, 7 and 9, showed significant antiviral activity against HSV-1 with EDj, values of 7 and 5 uM, respectively.
In addition, the unblocked nucleoside 9 was found to be about 64-fold less toxic to the host Vero cells and gave
a favorable therapeutic index of 64 against HSV-1 in vitro.

Modifications of nucleosides in the sugar, the pyrimi-
dine, or purine base, or both, have produced compounds
with potent antiviral or anticancer activity. Arabino-
furanosyl analogues of “normal” nucleoside with potent
antiviral or anticancer activity include 1-8-pD-arabino-
furanosyladenine (ara-A), 1-3-D-arabinofuranosylcytosine
(ara-C), and 1-8-D-arabinofuranosylthymine (ara-T).2% In
view of the biological activity of ara-T and other analogues
of thymidine, a number of analogues of ara-T have been
synthesized with varying substituents replacing the methyl
moiety of ara-T, such as 1-3-D-arabinofuranosyl-5-ethyl-
uracil,® 1-8-D-arabinofuranosyl-5-vinyluracil,” and 1-8-D-
arabinofuranosyl-(E)-5-(2-bromovinyl)uracil.®® Biological
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activity has also been obtained with arabinofuranosyluracil
and arabinofuranosylcytosine substituted in the 5-position
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Table I. Effect of Various 5-(Perfluoroalkyl)deoxyribopyrimidine Nuc!eosifle Analogues on the Replication of L1210
Cells, Sarcoma 180 Cells, Vero Cells, and Herpes Simplex Virus Type 1 in Vitro®

% inhibition

compd R R’ concn, uM L1210 S-180 vero cells HSV-1
) 0 17
7 OAc CF, 13 )
20 92
25 13 47 8
40 97
50 58 60 57
80 98
100 95 95 100 26
1.25
® " CRCE 12,5 14 37 51
10
? o cF: 25 19 41
50 33 46 0 88
75 99
100 66 59 4 99
200 84 71 14
400 87 66
10 H CF,CF, 100 17 28 15
> 8o 59
e o - 5
5-(trifluoromethyl)-2’-deoxyuridine o 100
1 . 63
0.1 100

@ Assays were carried out in triplicate with appropriate controls, ? Data from Lin, T. S.; Chai, C.; Prusoff, W. H. J. Med.

Chem. 1976, 19, 915.

Table I1. ED,, Values of Various 5-(Perfluoroalkyl)deoxyribopyrimidine Nucleoside Analogues on the Replication of
L1210 Cells, Sarcoma 180 Cells, Vero Cells, and Herpes Simplex Virus Type 1 in Vitro

therapeutic
index: ED
EDs, * uM (Vero)/ED.,
compd R R’ L1210 S-180 Vero HSV-1 (HSV-1)
ki OAc CF, 45 25 45 7 6.4
8 H CF.CF, 12.5
9 OH CF, 70 65 320 5 64
10 H CF.CF, >400

@ The ED,, values were estimated from dose-response curves compiled from at least two independent experiments and
represent the drug concentration required to inhibit replication of L1210 cells, S-180 cells, Vero cells, and HSV-1 by 50%.

with various halogens.’®*? Modification of the arabinose
moiety, as well as the pyrimidine, has resulted, in some
instances, in very potent antiviral compounds, such as
1-(2-fluoro-2-deoxy-B-D-arabinofuranosyl)-5-iodocytosine
(FIAC)!3!* and its metabolic derivative, 1-(2-fluoro-2-
deoxy-8-D-arabinofuranosyl)-5-methyluracil (FMAU).13.14
The replacement of the 5-hydroxy group of 5-iodo-2'-
deoxyuridine (IdUrd) with an amino moiety produced
5-iodo-5"-amino-2’,5'-dideoxyuridine (AIdUrd), which re-
tains significant antiviral activity and has a remarkable
lack of toxicity.1517
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Because of the potent antiviral activity of 5-(trifluoro-
methyl)-'® and 5-ethyl-2’-deoxyuridine,*?' various 5-
(perfluoroalkyl)pyrimidine arabinofuranosyl and 2’-
deoxyribofuranosyl nucleoside analogues have been syn-
thesized and their biological activity evaluated.

Chemistry. Starting compound, ara-U (1), was pre-
pared from uridine by the method of Hampton and Ni-
chol.2  Acetylation® of 1 and 2 with acetyl anhydride in
pyridine at 4 °C for 24 h gave the acetates 3 and 4. Io-
dination® of 3 with iodine and CF;COOAg afforded 5.
Another 5-iodo derivative, 6, was obtained by two methods:
(1) treatment of 4 with mercuric acetate and iodine in
sodium acetate buffer;'® (2) direct acetylation? of 5-iodo-
2/-deoxyuridine (IUdR) in a mixture of glacial acetic acid,
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acetic anhydride, and acetyl chloride. Treatment of the
5-iodo derivatives 5 and 6 with the corresponding per-
fluoroalkyl iodide-copper complex?* in hexamethyl-
phosphoramide (HMPA) at 45-50 °C yielded the 5-tri-
fluoromethyl- and 5-pentafluoroethyl-substituted ana-
logues 7 and 8, respectively. The perfluoroalkyl-copper
complexes were prepared by the procedure of Kobayashi
et al.* Deacetylation26 of 7 and 8 by MeOH-HCl at 0 °C
for 4 h gave the unblocked nucleosides 9 and 10. The
structure of these compounds were characterized by 'H
NMR, UV, and IR spectra and elemental analysis data.

Biological Activity. The antiviral activity of various
compounds listed in Table I was determined. The effect
of these compounds on the replication of mouse Sarcoma
180 neoplastic cells in culture was also investigated. The
ED;, values (the drug concentration required to inhibit
replication of 1.1210, S-180, Vero cells, and HSV-1 by 50%)
that were estimated from dose-response curves are sum-
marized in Table II.

The 5-trifluoromethyl-substituted derivatives, 7 and 9,
demonstrate significant antiviral activity against herpes
simplex virus type 1, with EDg, values of 7 and 5 uM
respectively. The acetate 7 is about equally cytotoxic to
L1210, S-180, and Vero cells. At 100 uM, 7 inhibits the
growth of 1.1210, S-180, and Vero cells by 95 to 100%:
however, at the same concentration, the unblocked nu-
cleoside 9 is about 25-fold less toxic to Vero cells (4%
inhibition). Compound 9 gives a favorable therapeutic
index of 64 against HSV-1 in vitro (Table II). Thus, 9
merits further investigation as an antiviral agent.

Since the antiviral activities of 5-(trifluoromethyl)-2'-
deoxyuridine!® and 5-ethyl-2’-deoxyuridine'®2! are well
established, it was unexpected that the 5-pentafluoroethyl
analogues, 8 and 10, are devoid of significant cytotoxicity
against HSV-1 as well as other neoplastic cells in vitro.

Experimental Section

Melting points were taken on a Thomas-Hoover Unimelt ap-
paratus and are not corrected. Thin-layer chromatography was
performed on EM silica gel 60 Fy; sheets (0.2 mm). IR spectra
were recorded on a Perkin-Elmer-21 spectrophotometer. The UV
spectra were recorded on a Beckman-25 spectrophotometer, and
the NMR spectra were taken on a Bruker 270 HX and/or a Varian
T-60 spectrophotometer at 270 and 60 MHz, respectively, with
Me,Si as internal reference. The elemental analyses were carried
out by Baron Consulting Co., Analytical Services, Orange, CT.
Where analyses are indicated only by symbols of the elements,
the analytical results obtained for those elements were within
+0.4% of the theoretical values.

1-(2,3,5-Tri-0-acetyl-g-p-arabinofuranesyl)uracil (3).
Acetic anhydride (37.6 g, 368 mmol) was added to an ice-cooled
solution of 1-3-p-arabinofuranosyluracil (1; 9.00 g, 36.85 mmol)
in 90 mL of pyridine. The reaction mixture was kept at 4 °C for
24 h. The solvent and excess Ac,0 were removed under reduced
pressure, and the residue was coevaporated several times with
EtOH. The product crystallized out from EtOH in the refrigerator
overnight. The crystals were then collected by filtration, washed
with cooled EtOH and Et,0, and dried to yield 124 g (91%): mp
128-130 °C, (lit.% 129-130 °C); NMR (Me,S0-dg) 5 1.96, 2.02,
and 2.04 (s, 9 H, OCOCHy), 4.30 (m, 3 H, 4’-H and 5-H), 5.25
(m, 2 H, 2”-H and 3'-H), 5.62 (d, 1 H, 5-H), 6.20 (d, 1 H, 1’-H,
Jyy = 4.0 Hz), 7.52 (d, 1 H, 6-H), 11.20 (br s, 1 H, 3-NH D,0
exchangeable).

3',5-Di-0-acetyl-2'-deoxyuridine (4). Compound 4 was
prepared by the same procedure as described for the synthesis
of 3. Acetic anhydride (6.70 g, 65 mmol) was added slowly to an
ice-cooled solution of 2 (3.0 g, 13 mmol) in 30 mL of pyridine with
stirring. Upon isolation and crystallization from EtOH, 3.80 ¢
(94%) of 4 was obtained: mp 102-104 °C; NMR (Me,SO-d;) &

(26) Watanabe, K. A.; Reichman, U.; Chu, C. K.; Hollenberg, D. H.;
Fox, J. J. J. Med. Chem. 1980, 23, 1088,
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2.05 and 2.07 (d, 6 H, OCOCH_), 2.26-2.51 (m, 2 H, 2"-H), 4.14-4.23
(m, 3 H, 4-H and 5’-H), 5.18 (m, 1 H, 8'-H), 5.70 (d, 1 H, 5-H),
6.15 (t, 1 H, 1’-H, Jyo = 6.34 Hz), 7.66 (d, 1 H, 6-H), 11.38 (s,
1 H, 3-NH, D;0 exchangeable).

1-(2,3,5-Tri-O-acetyl-8-D-arabinofuranosyl)-5-iodouracil
(5). Compound 3 (4.00 g, 10.8 mmol) and CF,COOAg (4.72 g,
21.4 mmol) were suspended and stirred in dry CH,Cl, (200 mL)
at 0 °C (ice-H,0 bath). A solution of iodine (8.24 g, 32.5 mmol)
in dry CH,Cl, (200 mL) was added to the suspension. Upon
completion of the addition, the reaction mixture was then stirred
for an additional 5 h at room temperature. Saturated aqueous
NaHCOj, solution (800 mL) was added, and the mixture was
filtered through Celite. The organic layer was separated, washed
with H,0, saturated Na,S,0; solution, H,0, and dried (Na,SO,).
The solvent was evaporated to dryness, and the solid residue was
recrystallized from EtOH-CH,Cl, (10:1) to yield 5.0 g (93%): mp
184-186 °C; R; 0.64 (CHCI,—EtOH, 4:1): UV (MeOH) A, 283
nm (e 8888),% A, 244 nm; NMR (Me,S0-d;) 6 1.98 and 2.18 (s,
9 H, OCOCHy), 4.38 (m, 3 H, 4’-H and 5-H), 5.30 (m, 2 H, 2"-H
and 3-H), 6.22 (d, 1 H, 1-H, Jy » = 4.0 Hz), 7.90 (s, 1 H, 6-H),
11.80 (br s, 1 H, 3-NH, D,0 exchangeable).

3',5"-Di-O-acetyl-2'-deoxy-5-iodouridine (6). Method A. A
solution of 4 (1.00 g, 3.24 mmol), in 100 mL of 0.5 M NaOAc buffer
(pH 6.0) and 25 mL of EtOH, and mercuric acetate (4.00 g, 12.5
mmol) was heated at 50 °C with stirring overnight. The solution
was cooled to room temperature, and a 0.2 M solution of iodine
in EtOH (100 mL) was added. The reaction mixture was stirred
for an additional 90 min and filtered. The filtrate was concen-
trated to a smaller volume (~20 mL) and then extracted with
CHClI, (5 X 60 mL). The combined CHCI, solution was clarified
with charcoal, dried (MgSO,), and passed through a short silica
gel column (CHCI;-EtOH, 4:1). The solvent was evaporated to
dryness in vacuo, and the solid residue was recrystallized from
EtOH to afford 0.75 g (54%) of 6: mp 158-160 °C (lit.25 158-160
°C).

Method B. Compound 6 was also prepared by a modification
of a method reported by Chang and Welch.?®* A solution of
5-iododeoxyuridine (5.0 g, 0.014 mol), glacial acetic acid (50 mL),
acetic anhydride (75 mL), and acetyl chloride (75 mL) was stirred
at 0 °C for 1 h and then at room temperature for 24 h. The clear
solution was concentrated in vacuo at 30 °C to remove the excess
solvents. The residue was then dissolved and coevaporated 3 times
with 25 mL of methanol. The crystalline residue that resulted
wag recrystallized from ethanol (120 mL) to yield fine, white,
needle-like crystals of the diacetyl derivative (5.8 g, 95%), mp
163-164 °C (lit.%® 158-160 °C).

The products synthesized from both methods A and B gave
identical NMR spectra: NMR (Me,SO-dg) & 2.06 and 2.10 (s, 6
H, OCOCHy), 2.25-2.54 (m, 2 H, 2’-H), 4.18-4.26 (m, 3 H, 4-H
and 5-H), 5.18 (m, 1 H, 3-H), 6.11 (¢, L H, 1H, J,5, = 6.35 Ha),
8.05 (s, 1 H, 6-H), 11.76 (s, 1 H, 3-NH, D,0 exchangeable).

1-(2,3,5-Tri-0 -acetyl-8-D-arabinofuranosyl)-5-(trifluoro-
methyl)uracil (7). Trifluoromethy! iodide (27 g, 138 mmol) and
copper powder?” (16.5 g, 260 mmol) in HMPA (100 mL) were
stirred in a stainless-steel bomb at 110-120 °C for 3 h, The bomb
was cooled to room temperature, and the excess copper powder
was removed by filtration through Celite in a glove box with the
exclusion of air (with argon). The dark green trifluoromethyl—
copper complex solution was added to the 5- iodo nucleoside 5
(5.0 g, 10.1 mmol), and the reaction mixture was stirred in a glass
pressure bottle under argon at 45-50 °C overnight (~19 h). The
resulting solution was then added to ice—-H,0 (700 mL) and ex-
tracted with EtOAc (6 X 300 mL). The combined EtOAc solution
was washed with H,O (2 X 200 mL), dried (Na,SQ,), and evap-
orated to dryness under reduced pressure. The residue (brown
gum) was purified by silica gel column (4 X 60 cm) chromatog-
raphy (EtOAc-hexane, 8:1) to give 0.8 g (18%) of product: mp
178-180 °C; R;0.56 (EtOAc-hexane, 8:1), UV (MeOH) Ay, 260
nm (e 12100), Api, 227 nm; UV (0.01N HCI) A,y 260 nm (e 10350),
Amin 222 nm; UV (0.1 N NaOH) Ap,: 260 nm (e 7368), Apin 238
nm; NMR (Me,SO-dg) 6 1.94, 2.04, and 2.09 (s, 9 H, OCOCHjy),
4.29 (m, 1 H, 4-H), 4.34 (m, 2 H, 5-H), 5.18 (m, 1 H, 3’-H), 5.33
(m, 1 H, 2-H), 6.22 (d, 1 H, 1’-H, Jmf = 4.59 Hz), 8.00 (s, 1 H,

(27) Brewster, R. O.; Groening, T. Org. Synth. 1948, 2, 445.
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6-H), 12.06 (br s, 1 H, 3-NH, D,0 exchangeable). Anal. (Cyg
H,-FsN,00) C, H, F, N.

3’,5’-Di- 0 -acetyl-2’-deoxy-5-(pentafluoroethyl)uridine (8).
The synthesis of 8 followed the same method as described pre-
viously for the preparation of 7. Pentafluoroethyl iodide (21.6
g, 87.8 mmol) and copper powder? (18.0 g, 283.5 mmol) in HMPA
(60 mL) were stirred and heated at 110-120 °C in a bomb for 3
h. The pentafluoroethyl-copper complex was then added to 6
(3.0 g, 6.9 mmol). The crude product was purified by silica gel
column (4 X 60 cm) chromatography (Et;O-EtOAC, 2:1) to afford
0.54 g (17%): mp 166-167 °C; UV (MeOH) A, 263 nm (e 11250),
Amin 232 nm; NMR (Me,SO-dg) § 2.02 and 2.07 (s, 6 H, OCOCH,),
2.38-2.59 (m, 2 H, 2’-H), 4.22 (m, 2 H, 5-H), 4.30 (m, 1 H, 4-H),
5.19 (m, 1 H, 3-H), 6.06 (t, 1 H, J;,» = 6.83 Hz), 8.06 (s, 1 H, 6-H),
11.96 (s, 1 H, 3-NH, D,0 exchangeable). Anal. (C,sH;5F;N;0,)
C,H,FN.

1-8-D-Arabinofuranosyl-5-(trifluoromethyl)uracil (9). A
solution of 7 (0.6 g, 13.7 mmol) in saturated HCI-MeOH (6 mL)
was stirred at 0 °C (ice-H,0 bath) for 4 h. The solvent was
removed in vacuo at room temperature. The residue was coe-
vaporated several times with MeOH. The crude product was
redissolved in MeOH, clairified with charcoal, and filtered. The
filtrate was evaporated to dryness under reduced pressure. The
residue was then triturated with Et;0-MeOH (10 mL/0.1 mL).
The solid product was collected by filtration to yield 0.34 g (80%):
mp 220-222 °C; UV (MeOH) A, 263 nm (e 12 750), Apin 230 nm;
UV (0.1N HCI) Aoy 263 nm (e 12250), Apin 227 nm; UV (0.01 N
NaOH) Apex 263 nm (¢ 8500), Ay 238; NMR (Me;SO-dg) 6 3.60
(m, 2 H, §-H), 3.76 (m, 1 H, 4-H), 3.92 (m, 1 H, 3’-H), 4.07 (m,
1H, 2-H), 5.18 (m, 1 H, §-OH, D,0 exchangeable), 5.51 (d, 1 H,
3’-OH, D,0 exchangeable), 5.71 (d, 1 H, 2-OH, D,0 exchangeable),
6.02 (d, 1 H, 1"-H, J,,» = 4.67 Hz), 8.32 (s, 1 H, 6-H), 11.89 (s,
1 H, 3-NH, D,0 exchangeable). Anal. (C,;H;F3N;0¢) C, H, F,
N.
2’-Deoxy-5-(pentafluoroethyl)uridine (10). The preparation
of 10 followed the same procedure as that depicted for 9. Com-
pound 8 (0.24 g, 0.55 mmol) was treated with saturated HCl-
MeOH (10 mL) for 4 h to give 0.16 g (83%) of product: mp
160-162 °C; UV (MeOH) M, 263 nm (¢ 12244), Ay 230 nm; UV
(0.01 N HCI) Aoy 263 nm (e 12040), Ay, 228 nm; UV (0.01 N
NaOH X 262 nm (¢ 8673), Ay 235 nm; NMR (Me,SO-dy) § 2.18
(m, 2 H, 2"-H), 3.52-3.72 (m, 2 H, 5’-H), 3.83 (m, 1 H, 4-H), 4.23
(m, 1 H, 3-H), 5.22 (t, 1 H, 5-OH, D,0 exchangeable), 5.32 (d,
1 H, 8’-OH, D,0 exchangeable), 6.06 (t, 1 H, 1"-H, Jy 5, = 5.59
Hz, Jy g4 = 6.02 Hz), 8.71 (s, 1 H, 6-H), 11.81 (s, 1 H, 3-NH, D,0
exchangeable). Anal. (C,;H,;F;N,O;) C, H, F, N.

Biological Test Procedures. Mouse 1.1210 and S-180 cells
were maintaned as suspension cultures in Fischer’s medium
supplemented with 10% horse serum at 37 °C in a humidified
atmosphere of 5% CO,-95% air. Under these conditions the
generation time for L1210 and S-180 cells is approximately 12
and 18 h, respectively. Each compound at the given concentration
was added to L1210 and S-180 cells (2 X 10* cells/mL), which
were in their exponential phase of growth. The increase in cell
number of the drug-free culture (control), as well as that of the
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cultures supplemented with the tested compounds, was deter-
mined after 24, 48, and 72 h of growth.

The antiviral activity of various compounds listed in Table I
was determined. Vero cells were grown to confluency in 25-cm?
Falcon flasks with Dulbecco’s medium supplemented with 10%
fetal calf serum. The cells were then infected with herpes simplex
virus, type 1 (CL-101, obtained from Dr. Wilma Summers who
originally received the virus from Dr. Saul Kit), at a multiplicity
of infection (MOI) of 10. After a 1-h absorption period at 37 °C,
the viral inoculum was removed, and the flask was washed once
with phosphate-buffered saline. The test compounds indicated
in Table I were dissolved in Dulbecco’s medium supplemented
with serum and then added to the flask. The infected cultures
were incubated at 37 °C for 40 h and then frozen until virus
titrations were performed. Virus was released by freezing and
thawing the media—cell suspension one time. The cell lysates were
diluted directly, and the virus yield was assayed by plaque for-
mation on Vero cells. The number of plaque-forming units (pfu)
of virus in the drug-treated cultures relative to that found in the
drug-free condition was determined and expressed as percent
inhibition in Table I.

The cytotoxicity of the various test compounds on the unin-
fected host Vero cells was determined (Table I). Vero cells in
Dulbecco’s medium (2.5 mL) supplemented with 10% fetal calf
serum were added to eight 25-cm? Falcon flasks at a concentration
equivalent to 0.1 confluency for each compound under assay. After
incubation at 37 °C in 5% CO0,-95% air for 1 day, the test com-
pound, dissolved in 2.5 mL of the above growth medium, was
added, and two flasks were harvested immediately by decanting
the medium, washing once with 5 mL of buffered saline, and then
incubating at 37 °C for 15 min with a 5 mL solution of trypsin
(0.125%) and EDTA (0.02%). The cells dislodged from the flask
by this latter procedure were generally in clumps and were dis-
persed by repeated forceful pipetting of the suspension against
the surface of the flask. To 1 mL of the well-dispersed cell
suspension was added 0.2 mL of Trypan blue solution, and the
number of cells was counted with a hemocytometer. Each day
for the next 3 days, two of the remaining flasks were harvested
in the manner just described for determination of cell number.
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