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Abstract—Phenylbutazone potentiated the anticoagulant effects of racemic warfarin and of the indi-
vidual enantiomers to similar extents in the rat, This indicates that the phenylbutazone did not act
stereospecifically on the enantiomers, as it does in humans. Phenylbutazone doubled the turnover rate
of warfarin in plasma, but it did not increase the amount of the anticoagulant in liver or the amount
excreted in urine. The drug had no effect on plasma disappearance of [’H] or on hepatic levels of [*H]
vitamin K, or of its chief metabolite, [’H] vitamin K; epoxide, after injection of [*H] vitamin K.
Phenylbutazone, however, at concentrations of 0.5 to 2.8 mM inhibited vitamin K-dependent
carboxylation of a synthetic pentapeptide substrate in liver microsomes by 40-88 per cent. Vitamin
K-dependent protein carboxylation was also inhibited by about 40 per cent in microsomes and post-
mitochondrial supernatant fluid at drug concentrations of 2.8 to 4.8 mM. Most importantly, prothrombin
synthesis was inhibited in post-mitochondrial supernatant fractions by 19 and 39 per cent at drug
concentrations of 2.8 and 4.8 mM respectively. The inhibition of both carboxylation and prothrombin
synthesis appears to have been of sufficient magnitude to account for the potentiation by phenylbutazone
observed in vivo. The calculated hepatic level of phenylbutazone during potentiation was around 3 mM,

0006-2952/81/172443-07 $02.00/0
© 1981 Pergamon Press Ltd.

a concentration that produced inhibition in vitro.

Phenylbutazone potentiates the decrease in plasma
prothrombin that is caused by warfarin in humans
[1-5], dogs [6], and rats [7]. Phenylbutazone dis-
places warfarin from plasma proteins [6-8] and
decreases the half-life of the anticoagulant approx-
imately 2-fold [2,6,7]. This suggests that phenyl-
butazone displaces warfarin from plasma to liver and
increases the concentration of the anticoagulant at
the site of clotting-protein synthesis. Phenylbuta-
zone, however, also potentiates dicoumarol, a 4-
hydroxycoumarin analog of warfarin, in rats without
affecting the half-life of the anticoagulant in plasma
[9].

Lewis et al. [4] and O'Reilly et al. [5] have provided
evidence that phenylbutazone potentiates the effect
of warfarin on plasma prothrombin in humans by
inhibiting the turnover of S-warfarin, the more
potent of the warfarin enantiomers. However, this
may not be the mechanism in the rat since phenyl-
butazone also potentiates dicoumarol, which has no
asymmetric center [9].

Studies of Levy ef al. [7,9-14] indicate that the
rat is a good model for studies of drug interactions
with warfarin. We wished to ascertain whether the
potentiation of the effect of warfarin in the rat could
be due to an effect of phenylbutazone on warfarin

* A preliminary report of this study was published in
Vitamin K Metabolism and Vitamin K Dependent Proteins
(Ed. J. W. Suttie), p. 370. University Park Press, Baltimore
(1979).

+ Author to whom all correspondence’ should be
addressed.

or on vitamin K metabolism, or to inhibition of
vitamin K-dependent carboxylation and prothrom-
bin synthesis.

MATERIALS AND METHODS

Chemicals. Two hundred milligrams of phenyl-
butazone (Sigma Chemical Co., St. Louis, MO) was
dissolved in 15ml of 0.2N NaOH and diluted to
40 ml with water. The pH was adjusted to 7.5 with
HCl. Vitamin K; (Sigma Chemical Co.) and
menaquinone-3 (a gift from Dr. Paul Friedmann,
Center for Blood Research, Boston, MA) were pur-
ified by silicic acid chromatography [15]. Sodium
warfarin (Endo Laboratories, Inc., Garden City,
NY) was dissolved in water. The warfarin enantiom-
ers (a gift from Dr. William Trager, Department of
Pharmaceutical Chemistry, University of Washing-
ton, Seattle, WA) were dissolved in 0.05% NaOH
solution and the pH was adjusted to 7.5 with HCI.
Na,*CO; (Amersham/Searle, Arlington Heights,
IL) had a specific activity of 58.9 mCi/mmole.
5,6,7,8-[*H]Vitamin K, (synthesized by Dr. Chuck
Siegfried, Biochemistry Department, University of
Nebraska, Omaha, NE; sp. act. 15 mCi/mmole) was
dissolved in Tween 80 and diluted with water to a
concentration of 5% Tween or less. The pentapep-
tide (phe-leu—glu—glu~leu) was obtained from the
Vega-Fox Corp,, Tucson, AZ; 100 mg was dissotved
in 10 ml of 0.1% NaOH.

Animals. Female Sprague-Dawley rats (10 to
35-weeks old) were obtained from the Charles River
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Laboratories, North Wilmington, MA, and were fed
Purina rat chow.

Determination of warfarin half-life in plasma.
Blood samples (1 ml) were taken at 3,6, 12 and 26 hr
after injection of 10°dpm of [*C]warfarin (Amer-
sham/Searle, 0.35 mg/kg body wt). [**C]Warfarin in
plasma was determined by modification of the pro-
cedure of Zimmermann and Matschiner [16], Plasma
(0.4 ml) was diluted with 6.0 ml water, acidified with
6 N HCl! to pH 2-3, and extracted three times with
diethyl ether. [M“C]Warfarin in the extracts was
determined by thin-layer chromatography (t.1.c.) on
silica  gel plates developed with  23-
dichloroethane—acetone (9:1) with carrier warfarin.
Warfarin was visualized with u.v. light, and the spot
was removed and assayed for “C by scintillation
counting. The concentrations of warfarin in plasma
were calculated and the half-life was determined by
least squares analysis.

Determination of warfarin concentration in liver.
Three milliliters of homogenate (1g liver/15ml
buffer) was prepared in 0.25M sucrose-50 mM
potassium phosphate buffer, pH 7.5, which was then
diluted with 6 ml water and acidified with 6 N HCI
to pH 2-3. This suspension was extracted three times
with diethyl ether, and [“*C]warfarin in the extract
was determined by thin-layer chromatography as
described above.

Post-mitochondrial supernatant fluid and micro-
somes. A homogenate (1 g liver + 3 ml buffer) from
rats that had been injected with warfarin (1 mg/kg
body wt) 14-18 br previously was prepared in 0.25 M
sucrose, 0.005 M Mg acetate, 0.1 MKCland 0.25M
imidazole buffer, pH 7.2 (SIK buffer), with a
Teflon—glass homogenizer driven by a motor. After
centrifugation for 10 min at 15,000 g, the supernatant
fluid was centrifuged at 100,000 g for 60 min, and the
microsomal pellet was resuspended in its original
volume.

Peptide carboxylation. One milliliter of the micro-
somal suspension was made 1% in Triton X-100 and
incubated with 1 mg NADH, 1 mg dithioerythritol,
0.5mg pyridoxal phosphate, 1mg pentapeptide,
SO0ug vitamin K; in 0.02mi of ethanol and
1.4 X 10’ cpm of Na,"*CO; for 30min at 27° with
continuous shaking. The “C in the trichloroacetic
acid supernatant fluid was determined according to
the method of Suttie et al. [17].

Protein carboxylation in post-mitochondrial super-
natant fluids. One milliliter of 15,000 g supernatant
fluid was incubated with 5 x 10" cpm of Na,"*CO;
and 20 ug of vitamin K, in 0.01 ml of ethanol for
30 min at 27° with continuous shaking. In some assays
2 ug of menaquinone-3 was substituted for vitamin
Ki. The MC in the trichloroacetic acid precipitate
was determined according to the method of Esmon
and Suttie [18].

Protein carboxylation in microsomes. One milli-
fiter of microsomes was incubated with 1 mg NADH,
4 X 10" cpm of Na,**COs, and 50 ug of vitamin K;
in 0.01 ml ethanol for 30 min at 37° with continuous
shaking. The [*C]-protein produced was assayed
according to the method of Esmon and Suttie [1].

Prothrombin synthesis in vitro. Two milliliter
samples of 15,000 g supernatant fluid were incubated
with 4 ug of menaquinone-3 for 30 min at 27° with
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continuous shaking. The reaction mixture was cooled
on ice and centrifuged at 100,000 g for 1hr. The
microsomal pellets were resuspended in 1 ml of SIK
buffer containing 0.25% Triton and, then, assayed
for prothrombin [19].

Phenylbutazone in liver. Phenylbutazone concen-
trations in whole liver homogenates and microsomes
were determined according to the method of
Jahnchen and Levy [10] for measurement of the drug
in plasma. The recovery of phenylbutazone added
to homogenates was 98 per cent.

RESULTS

Phenylbutazone and warfarin. Pretreatment with
phenylbutazone for 4 days did not significantly alter
the anticoagulant response to warfarin (Fig. 1).
Phenylbutazone administration after warfarin injec-
tion, however, potentiated the response to warfarin
at 12 and 24 hr. Phenylbutazone reduced prothrom-
bin concentration to 23 per cent of normal by 24 hr
after warfarin.

To determine if the potentiation was due to a
stereospecific effect of phenylbutazone on the war-
farin enantiomers, the effects on R- and S-warfarin
were determined separately (Fig. 2). S-Warfarin
alone rapidly reduced plasma prothrombin to 44 per
cent of normal at 12 hr and to 18 per cent at 24 hr.
If phenylbutazone was also administered to the
anticoagulant-treated rats, prothrombin levels were
reduced to 30 per cent at 12 hr and to 12 per cent
at 24 hr. In rats injected with R-warfarin, plasma
prothrombin was 52 per cent of normal at 12 hr but
was not any lower at 24 hr. Phenylbutazone treat-
ment of rats injected with R-warfarin caused pro-
thrombin levels to decrease to 36 per cent at 12 hr
and to 28 per cent at 24 hr. S-Warfarin was more
potent than R-warfarin, but phenylbutazone poten-
tiated the anticoagulant activities of both enantio-
mers to a similar extent. Although it did not appear
to act stereospecifically, phenylbutazone might
potentiate warfarin by altering the metabolism of
both enantiomers.

Phenylbutazone did shorten the plasma half-life
of warfarin from 17 to 8 hr (see Materials and Meth-
ods), but it had little effect on the amount of warfarin
in the liver. The hepatic concentration of the anti-
coagulant at 12 hr was unchanged by phenylbutazone
treatment and was slightly lower at 26 hr (Table 1).
This indicates that phenylbutazone did not alter the
response to warfarin by shifting warfarin from plasma
to liver. Further, phenylbutazone did not alter the
urinary excretion of M“C after injection of
[¥C]warfarin (Fig. 3).

Phenylbutazone and vitamin K metabolism. Each
rat was injected with a tracer dose of [*H]vitamin
K; before the administration of warfarin. Phenyl-
butazone had no significant effect on the disappear-
ance of >H from plasma (Fig. 4), indicating that liver
uptake of the vitamin was not altered. Further, the
drug had little effect on hepatic levels of [’H]vitamin
K, or on its chief metabolite [*H]vitamin K; epoxide
(Table 2), indicating that phenylbutazone did not
affect the vitamin K-vitamin K epoxide cycle that
is associated with prothrombin synthesis [15].
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Fig. 1. Effect of phenylbutazone on the response of plasma prothrombin to warfarin. Three groups of
rats were injected (i.p.) with 0.35 mg/kg body wt of sodium warfarin at zero-time. The rats of one
group (X) were then injected i.p. with 40 mg/kg body wt of phenylbutazone (PheBut) every 4 hr for
12 hr and then every 12 hr for a total of 3 days starting at zero-time, Those in another group were first
injected with phenylbutazone daily for 4 days and, then, warfarin was injected 2 days later (zero-time)
(A). The control rats did not receive phenylbutazone (O). Plasma prothrombin was assayed by a
two-stage assay [19]. Each experimental value is the average for three to six rats, and the control values
are the averages for thirteen to sixteen rats. The vertical bars represent the S.E.M.

Phenylbutazone and vitamin K-dependent carbox-
vlation. Phenylbutazone at concentrations of 0.5 to
2.8 mM inhibited vitamin K-dependent carboxyla-
tion of a pentapeptide substrate by 40-88 per cent
in microsomes from warfarin-treated rats (Fig. 5).
The inhibition was not reversed by increasing the
concentration of vitamin K; nor by replacing vitamin
K with vitamin K, hydroquinone or menaquinone-
3. Increasing the concentration of NADH five times

Table 1. Effect of phenylbutazone on [“Clwarfarin con-
centration in liver*

[“C]Warfarin (ug/g liver)

12hr 26 hr
Control 1.17x0.11 1.51 £0.05
Phenylbutazone 1.25+0.08 1.18 £ 0.02

* Rats were injected i.p. with phenylbutazone (40 mg/kg
body wt) at zero-time, 4, 8, 12 and 24 hr. ["*C]Warfarin
(10°dpm, 0.35 mg/kg body wt) was injected i.p. at zero-
time. The control rats received ["*Clwarfarin alone. Livers
were removed at 12 or 26 hr and analyzed for [*C]warfarin
(see Materials and Methods). The values are the averages
for four to six rats * S.E.M.

or the peptide substrate three times also did not
affect the inhibition by phenylbutazone. If pyridoxal
phosphate was omitted from the incubation mixture,
peptide carboxylation was decreased by about 70 per
cent but the inhibition by phenylbutazone remained
the same. If microsomes were prepared from normal
rats, the inhibition by phenylbutazone was
unchanged.

The inhibition of vitamin K-dependent protein
carboxylation by phenylbutazone was not as great
as the inhibition of peptide carboxylation. Phenyl-
butazone at a concentration of 2.8 mM inhibited
protein carboxylation by 33 * 9 per cent (average
+8.E.M.) in microsomes from warfarin-treated rats
(see Materials and Methods). Phenylbutazone also
inhibited vitamin K-dependent protein carboxylation
in post-mitochondrial supernatant fluids of liver from
warfarin-treated rats by about 40 per cent at 2.8 and
4.8 mM (Table 3). When menaquinone-3 was the
source of vitamin K, the inhibition was less. More
importantly, the drug inhibited prothrombin syn-
thesis by 19 and 39 per cent at 2.8 and 4.8 mM
respectively. The inhibition by phenylbutazone of
carboxylation and prothrombin synthesis appeared
to be of sufficient magnitude to account for the
potentiation of warfarin seen in vivo.
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Fig. 2. Effect of phenylbutazone on the response of prothrombin to R- and S-warfarin. Rats were

injected i.p. with 40 mg/kg body wt of phenylbutazone at zero-time, 4, 8 and 12 hr. §- or R-Warfarin

(0.35 mg/kg body wt) was injected i.p. at the start of the phenylbutazone treatment (O). Other rats

received R- or S-warfarin only (@). Blood samples were taken at the times indicated and plasma

prothrombin was determined [19]. Each value is the average for four to eight rats. The vertical bars
represent the S.E.M.

Table 2. Effect of phenylbutazone on [*H]vitamin K; metabolism in liver of
warfarin-treated rats*

% Injected dose in liver at 12 hr

[*H]Vitamin K, [*H]Vitamin K, epoxide
Control 32+03 1.3+0.2
Phenylbutazone 2.8+0.2 1.1x0.1

* Each rat received an intracardial injection of a tracer dose of [*H]vitamin
K; (2 x 10°dpm) 15 min prior to i.p. injection of warfarin (0.35 mg/kg body
wt). Phenylbutazone (40 mg/kg body wt) was injected i.p. every 4 hr. The
control group received no phenylbutazone. Livers were removed after 12 hr
and analyzed for [*H]vitamin K, and [*H]vitamin K, epoxide [20]. The values
are the averages for three to eight rats + S.E.M.
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Fig. 3. Effect of phenylbutazone on urinary excretion of [C]jwarfarin and its metabolites. Rats were
injected i.p. with 10°dpm of ["C]warfarin (0.35mg/kg body wt) at zero-time. Phenylbutazone
(40 mg/kg body wt) was injected i.p. at zero-time, 4, 8, 12, 24, 36, 48 and 60 hr (x). The control group
did not receive phenylbutazone (O). Urine samples were collected every 12 hr, and '*C was determined.
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Fig. 4. Effect of phenylbutazone on plasma *H after administration of [*H}vitamin K. Rats were injected
intracardially with a tracer dose of [PH]K, (2 x 10°dpm) 15 min prior to an i.p. injection of warfarin
(0.35 mg/kg body wt). Phenylbutazone (40 mg/kg body wt) was injected i.p. at zero-time, 4 and 8 hr
(O). The control group was not treated with phenylbutazone (@). Blood samples were taken at times
indicated, and *H in plasma was determined. Each value is the average for four rats. The vertical bars

represent the S.E.M.
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Fig. 5. Effect of phenylbutazone on vitamin K-dependent peptide carboxylation in liver microsomes.

Peptide carboxylation was determined as described in Materials and Methods with the indicated amount

of phenylbutazone added. The results are averages of four to eight determinations. The carboxylation
in controls was 22,400-44,500 dpm of [“C]peptide produced per g of liver.

To determine the phenylbutazone concentration
in vivo, the drug and warfarin were administered as
in Table 1 and the amount of phenylbutazone in liver
was determined at 12 and 24 hr (see Materials and
Methods). The hepatic concentration was calculated
to be 3.1 £0.2mM and 3.2 = 0.4 mM respectively
(the liver was assumed to contain 70 per cent water).
The phenylbutazone in the microsomal fraction was
14.8 = 1.3 per cent of the total amount in the liver
at 12 hr. Thus, the liver concentration of phenyl-
butazone in vivo was comparable to that required
to inhibit vitamin K-dependent carboxylation and
prothrombin synthesis in vitro.

Phenylbutazone and prothrombin synthesis in
vivo. To determine if phenylbutazone could inhibit
prothrombin synthesis in vivo, rats were injected
with warfarin (1 mg/kg body wt), which lowered
prothrombin levels to 20 per cent of normal in 24 hr.

Vitamin K (intracardial injection of 0.75 mg/kg body
wt) caused a rapid increase in plasma prothrombin
that was unaffected by a series of phenylbutazone
injections administered as in Table 1. However, it
would be difficult to detect a small inhibition of
prothrombin synthesis using this method. When rats
were administered phenylbutazone as in Table 1, the
concentration of plasma prothrombin was 97 + 6 and
115 + 10 per cent of normal at 12 and 24 hr respec-
tively. Thus we could find no evidence of inhibition
of prothrombin synthesis in vivo by phenylbutazone
alone.

DISCUSSION

The potentiation of warfarin by phenylbutazone
is well documented but the mechanism is still
unknown [1-7]. In humans, phenylbutazone

Table 3. Effect of phenylbutazone on vitamin K-dependent protein carboxylation and
prothrombin synthesis in post-mitochondrial supernatant fluids*

% Inhibition of
carboxylation activity

% Inhibition of
Prothrombin synthesis

Phenylbutazone

(mM) K, added MK-3 added MK-3 added
1.0 17+13 23+ 8

2.8 394 2+4 19+35
4.8 41 =7 166 39*5

* Protein carboxylation was assayed as described in Materials and Methods. The

average carboxylation in controls with vitamin K, (K;) and menaquinone-3 (MK-3)
was 3,000 and 10,600 cpm of ["*C]protein per g liver respectively. The results are the
average of three to ten incubations = S.E.M. Prothrombin synthesis was measured as
described in Materials and Methods. The clotting times of controls were 32-54 sec.
The results are the averages of three to four incubations = S.E.M.
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decreases the plasma clearance of the more potent
S-warfarin while increasing that of R-warfarin.
O'Reilly et al. [5], however, estimated that the
inhibition of the turnover of S-warfarin is not great
enough to account for the degree of potentiation
caused by phenylbutazone.

We have confirmed that phenylbutazone also
potentiates warfarin and decreases the half-life of
the anticoagulant in rats. The drug, however, did
not increase warfarin in liver. Similarly, Jahnchen
et al. [79] found that phenylbutazone does not
increase hepatic dicoumarol, indicating that phen-
ylbutazone does not potentiate 4-hydroxycoumarins
by displacing them from plasma to liver. It is possible
that phenylbutazone displaces warfarin from liver
proteins as well as from plasma proteins, but the
drug did not displace [**C]dicoumarol from proteins
in a homogenate of rat liver [9].

If phenylbutazone potentiation of the response of
prothrombin to warfarin in the rat were due to a
stereoselective effect on warfarin metabolism, as in
humans, then one would expect phenylbutazone to
decrease the response to R-warfarin while poten-
tiating the response to the S-enantiomer. However,
phenylbutazone potentiated the response (Fig. 2) to
both, thus making a stereospecific effect on one or
the other of the enantiomers unlikely.

Phenylbutazone did not affect the metabolic dis-
position of vitamin K. The plasma clearance of *H
and the hepatic levels of [*H]vitamin K, and
[*H]vitamin K, epoxide were unchanged by the drug,
which indicates that phenylbutazone did not inhibit
the regeneration of vitamin K from vitamin K epox-
ide, the probable site of action of 4-
hydroxycoumarins [21]. However, phenylbutazone
inhibited vitamin K-dependent carboxylation and
prothrombin synthesis in vitro. The concentration
of phenylbutazone required to achieve in vitro
inhibition was near the calculated hepatic concen-
tration of drug during potentiation of warfarin.

The site of action of phenylbutazone is not clear.
Vitamin K; hydroquinone did not reverse the inhi-
bition, indicating that the site is not the reduction
of vitamin K to the hydroquinone. Varying the con-
centrations of cofactors or the peptide substrate also
did not alter the inhibition. Phenylbutazone may
interact directly with the vitamin K-dependent
carboxylase.

The results in vitro suggest that phenylbutazone
alone should inhibit prothrombin synthesis in vivo.
Yacobi et al. [7] reported that phenylbutazone
slightly reduced plasma prothrombin complex
activity, but we could find no effect of the drug on
plasma prothrombin after repeated injections of
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phenylbutazone. It can be argued that inhibition by
phenylbutazone of prothrombin synthesis in vivo
may require warfarin, However, phenylbutazone
inhibition of vitamin K-dependent peptide carboxy-
lation in microsomes from normal rats was similar
to that seen in preparations from warfarin-treated
rats. Koch-Weser and Sellers [22] pointed out that
it may be difficult to observe a small anti-coagulant
response in vivo unless prothrombin complex activity
is already diminished, as is the case in treatment
with coumarin anticoagulants.

Acknowledgements—The authors acknowledge the excel-
lent technical assistance of Roxanne Johnson and Marilyn
Panzica. This work was partially supported by Grant
HL-14847 from the National Institutes of Health.

REFERENCES

1. M. 1. Eisen, J. Am. med. Ass. 189, 64 (1964).

2. P. J. Aggeler, R. A. O'Reilly, L. Leong and P. E.
Kowitz, New Engl. J. Med. 276, 496 (1967).

3. J. A. Udall, Ciin. Med. 40, 20 (1970).

4. R. J. Lewis, W, F. Trager, K. K. Chan, A. Brecken-
ridge, M. Orme, M. Roland and W. Schary. J. clin.
Invest. 53, 1607 (1974).

5. R. A. O'Reilly, W. F. Trager, C. H. Motley and W,
Howard, J. clin. Invest. 65, 746 (1980).

6. K. A. Bachmann and A. M. Burkman, J. Pharm,
Pharmac. 27, 832 (1975).

7. A. Yacobi, C. M. Lai and G. Levy, J. pharm. Sci. 69,
14 (1980).

8. H. M. Solomon, J. J. Schrogie and D. Williams,
Biochem. Pharmac. 17, 143 (1968).

9. E. Jihnchen, L. B. Wingard, Jr. and G. Levy, J.
Pharmac. exp. Ther. 187, 176 (1973).

0. E. Jahnchen and G. Levy, Clin. Chem. 18, 984 (1972).

1. G. Levy, C. M. Lai and A. Yacobi, J. pharm. Sci. 67,

229 (1978).
12. K. Takada and G. Levy, J. pharm. Sci. 69, 1569 (1979).
13. K. Takada and G. Levy, J. pharm. Sci. 69, 9 (1980).
14. J. T. Slattery, A. Yacobi and G. Levy, J. pharm. Sci.
66, 943 (1977).

15. J. T. Matschiner, R. G. Bell, J. M. Amelotti and T.
E. Knauer, Biochim. biophys. Acta 201, 309 (1970).

16. A. Zimmerman and J. T. Matschiner, Biochem. Phar-
mac. 23, 1033 (1974).

17. J. W. Suttie, J. M. Hageman, S. R. Lahrman and D.
H. Rich, J. biol. Chem. 251, 5827 (1976).

18. C. T. Esmon and J. W. Suttie, J. bicl. Chem. 251, 6238
(1976).

19. 8. S. Shapiro and D. F. Waugh, Thromb. Diath. hae-
morrh. 16, 469 (1966).

20. i{ G.) Bell and P. T. Caldwell, Biochemistry 12, 1759
1973).

21. R. G. Bell, Fedn Proc. 37, 2603 (1978).

22. J. Koch-Weser and E. M. Sellers, New Engl. J. Med.
285, 487 (1971).



