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Abstract

Bucolome, a nonsteroidal anti-inflammatory drug, has often been coadministered to patients who take warfarin as an antico-
agulant. This combination increases the anticoagulant effect, which is most likely due to the interaction of bucolome with the
pharmacokinetics (PK) or pharmacodynamics (PD) of warfarin. More than 30 years ago the mechanism of this interaction was
reported to be inhibition of warfarin protein binding by bucolome, and the inhibition of warfarin metabolism by bucolome was
also recently reported. Here, we examined daily doses of warfarin and its anticoagulant effect (thrombo-test, TT) in outpatient
prescriptions in five hospitals to elucidate the drug interaction and the usefulness of this drug combination. Among the warfarin
prescriptions, 78 were for patients also taking bucolome and 99 were for patients not taking bucolome. The daily dose of warfarin
in patients taking bucolome was significantly lower than those without bucolome (ca. 40%). TT in patients taking bucolome was
significantly lower as compared to those not taking bucolome. Control of the anticoagulant effect was greater with coadministra-
tion of bucolome and warfarin than with warfarin alone. PK and PD analysis of our results suggests that the improved therapeutic
effect resulting from coadministration of warfarin with bucolome was due to lower and less patient-to-patient variation of intrinsic
hepatic clearance (Gl) of warfarin, since bucolome decreased the high,Qiut did not have a great effect on the low;L
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In conclusion, administration of bucolome in warfarin therapy is useful to control the anticoagulant effect of warfarin. Attention
should also be paid to the enzymatic inhibition by bucolome on the PK of coadministered drugs.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Sakashita et al. (1978ported the usefulness of coad-
) ministration of bucolome in warfarin therapy in patients
Warfarin has been used all over the world for \yho had undergone operation to have an artificial valve
decades for prevention and treatment of thrombus and placed in the hearBakuragawa et al. (1982ported
embolism as an anticoagulant, and it is still an essen- gasjer control of anticoagulant activity (TT = 10-25%)
tial drug today. Warfarin, however, interacts with many  f\warfarin at adaily dose of 1-2 mg/day with coadmin-
other drugs Koch-Weser and Sellers, 1971; MacLeod jstration of bucolome (300 mg/day) than warfarin ther-
and Sellers, 1976; Deykin, 19)Go the optimization  zpy without bucolome in similar patients. The mecha-
of dosage regimen is very difficult. Then, thrombo-test pism by which bucolome increases the warfarin effect
(TT) is generally used in Japan in the warfarin ther- s interestingMatsuoka (1977)eported that albumin-
apy, since TT values was found to be more useful than ,nhound warfarin in plasma was increased by coad-
prothrombin time to control the anticoagulant activity ministration of bucolome, which has a higher affinity
during warfarin therapy in patienttkgma etal., 1999; g plasma albumin. In additiotMajima et al. (1982)

Numata et al., 2001 N ~ found that protein binding of warfarin was decreased
Bucolome has often been coadministered to patients jyy, pycolome. While these two explanations differ,

who take warfarin. The coadministration ratio of war- they poth indicate that the interaction between war-

farin and bucolome is extremely high in Niigata pre- farin and bucolome is related to protein binding. On
fecture (ca. 300 km north from Tokyo, border on the the other handTakahashi et al. (1999)oted that in-
Japan Sea) compared to other region and prefectures imjpjtion by bucolome of 7-oxidation on cytochrome P-
Japan. Bucolome is a nonsteroidal anti-inflammatory 450 (CYP) 2C9 to$)-warfarin, which shows a higher
drug. Itis used for remission of inflammation and tume- pharmacological effect thamR(-warfarin, was impor-
faction after surgical operation and externalinjury. Itis tant, in addition to the interaction related to protein
also applied for anti-inflammation, analgesic and an- binding.

tipyretic in rheumatoid arthritis, arthrosis deformans, We therefore examined daily doses of warfarin and
cystitis, erythema exsudativum multiforme, acute si- s anticoagulant effect (TT) from outpatient prescrip-
nusitis, acute otitis media and uterus adnexitis. BU- tjgns in five hospitals in different parts of Japan (Ni-
colome also decreases plasma uricate (uric acid) Ieveligata, Toyama and Saitama prefectures) to elucidate
in gout patients. Although application of bucolome the drug interaction and the mechanism of this drug
should be limited to these uses, it is often adminis- compination. Usefulness and risk of the combination
tered to patients during warfarin therapy. Most of the o hucolome with warfarin were evaluated by pharma-

whereas those in the other areas do not. Therefore, payarfarin.

tients who move in or out of Niigata may have trouble
in their dosage regimen of warfarin.

Adequate information is found in the drug infor- 2. Theoretical
mation sheets both in warfarin and bucolome prepa-
rations. Deliberate coadministration of bucolome with 2.1. PK of warfarin
warfarin was reported to reduce the warfarin dose, and a
steady therapeutic effect of warfarin was obtained. For ~ Because the biological half-life of warfarin is very
exampleMatsuoka (1977)eported that TT was main-  long (Holford, 1986, orally repeated administration
tained at about 15% when bucolome (300-600 mg/day) of the drug shows small peaks and troughs in the time
was used together with warfarin (1.0-1.5mg/day). course of plasma level. Since warfarin is eliminated
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mostly by liver metabolismRanfield et al., 19883 the (Jusko and Ko, 1984s follows:
total body clearance of the drug is similar to hepatic R c
clearance. In addition, the liver extraction rate of war- — = kj, [ -
farin is too low to be classified as a low extraction drug. ICs0+C
The fraction of warfarin that permeates through the gas- whereR is the physiological effect (prothrombin ac-
trointestinal duct against the total amount administered tivity), ki, andkey: are rate constants to and from the
is almost 100%, and no metabolism of warfarin was effective sites, respectively, showing the physiological
found in the intestinal mucosa during the absorption effect, and I1Gg is the warfarin concentration showing
processBanfield etal., 1983; Shetty etal., 198%hus, 50% inhibition to the physiological effect. The phar-
steady-state blood concentration of warfafigs, dur- macological effect of warfarin is directly related to the
ing the repeated administration of doBgand dosage  protein-unbound blood leveCsss, as mentioned be-
interval, 7, is expressed in Eq1) and for the protein  fore. Thus, Eq(3) can be transformed as follows:
unbound levelCsss is expressed in Eq2) as follows:

} ~ kowR @3)

dR Cssy ]
—=kin|l1- ——2L | kouR 4
oo FPIT _ FaD/T _ DJt ) dr '”[ ICsos + Csssl| O )
Clot Cln JClint where the subscrigtshows parameters related to the
fFD/t  fFaD/t D/t protein-unbound fraction of warfarin. Since the phar-
Cssy=Cssf = Clw. ~ CLn ~ CLm @) macological effectR, must be constant during the re-

) o peated administration of warfarinRétit in Egs.(3) and
whereF andFp are the extent of bioavailability and  (4) can be substituted by zero. Thus, a relationship be-

evasion ratio to hepatic metabolism, il CLn and  tweenCges and prothrombin activityR, is shown as the
CLint are total body clearance, hepatic clearance and following equation:

hepatic intrinsic clearance, affids the unbound ratio

to protein binding in blood of warfarin. Css/ = kinICso, 1 —ICs0, (5)

In Egs.(1) and (2) PK parameters related to change ' koutR '
in warfarin blood level caused by coadministration From the equatiorGssf can be determined by measur-
of bucolome are only and Clint. Whenf for war- ing prothrombin activity.

farin is increased by interaction of protein binding by

bucolome,Css decreases, where&ss, which is di-

rectly related to the pharmacological effect of war- 3. Methods

farin, does not change, as shown by Ed3.and (2)

These equations suggest that enzymatic inhibition by 3.1. Survey of prescriptions and TT values
bucolome, as mentioned blakahashi et al. (1999)

may be the mechanism for the warfarin-bucolome in-  patients with prescriptions for warfarin were se-
teraction, and that plasma protein binding is not the |ected from outpatients in five hospitals, as shown in

mechanism. Table 1 Number of patients is 177. Their ages were in
the range of 42—86 (meanS.D.: 68+ 11), and 70%
2.2. PD of warfarin were male among them. Most patients had basal dis-

eases such as ischemic heart disease, valvular disease,

Warfarin does not work in the blood circulation, but  arteriosclerosis obliterans, and they had complications
shows an anticoagulant effect by inhibiting the Vitamin of heart failure, hypertension, diabetes, hyperlipemia
K-dependent coagulant factor in the liver. Thus, the and so on.
anticoagulant effect of warfarinappears afewdaysafter ~ The daily dose of warfarin, coadministration of bu-
starting the warfarin therapy€sell and Shively, 1974 colome, and other coadministered drugs were exam-
Warfarin inhibits the synthesis of blood coagulation ined. In addition, TT values were examined in the pa-
factors such as prothrombin to decrease prothrombin tients atleast 2 weeks after starting the warfarin therapy.
activity and show an anticoagulant effect. Thus, PD of Bucolome was frequently coadministered with war-
warfarin is shown using the indirect response model farin (75/81 patients) in Niigata Prefectural-Kakizaki
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The prescriptions containing warfarin extracted from prescriptions for out-patients in five hospitals

Hospitals Period of survey Number of prescriptions

With Without

bucolome bucolome
Niigata Prefectural Kakizaki Hospital October—November 1998 26 3
Niigata Prefectural Muikamachi Hospital November—December 2000 19 3
Sekishinkai Sayama Hospital November 1997-May 2001 30 0
Hokuriku Central Hospital June-July 2000 1 30
Himi Municipal Hospital July—August 2000 2 63
Total 78 99

Hospital and Muikamachi Hospital (Niigata pref.) and

out bucolome §<0.05). Fig. 2 shows a histogram

Sekishinkai Sayama Hospital (Saitama pref.). On the of TT values. The therapeutic range of TT values
other hand, bucolome was seldom coadministered with (about 8-15%) was obtained in about 50% patients

warfarin (3/96 patients) in two hospitals in Toyama pre-
fecture (Hokuriku Central Hospital and Himi Munic-
ipal Hospital) (Toyama prefecture is located west of
Niigata prefecture).

3.2. Calculation of intrinsic hepatic clearance

Since TT can be replaced with prothrombin activity,
R, in the evaluation of the pharmacological effect of
warfarin, Cssf, Was calculated by substituting TT (%)
for Rin Eq. (5). In addition, 1Gy, f, kin andkyyt were
obtained from a previous repodysko and Ko, 1984
and 1Gps was calculated from 165 andf. Next the
intrinsic hepatic clearance, Gk, in each patient was
calculated by substitutinGsss in EqQ. (2).

3.3. Statistical analysis

The statistical analysis of the difference between
different treatments was carried out using the unpaired
Student's-test. A level of probability of 0.05 was taken
as the level of significance.

4. Results

Fig. 1 shows a histogram of the daily dose of pa-
tients taking warfarin alone or warfarin and bucolome
(78 and 99 patients, respectively). The daily dose
of warfarin in patients who also took bucolome was
about 40% of those who did not take bucolome, and

by coadministration of bucolome, whereas TT values
for more than 80% patients were over the therapeu-
tic range for warfarin therapy without bucolome. The
TT values in patients who took bucolome were signif-
icantly lower than those who did not take bucolome
(p<0.05).

Fig. 3 shows the relationship between daily dose
of warfarin and the TT value in each patient.
The meshed part in the figure shows the thera-
peutic range of warfarin. The daily dose of war-
farin in the coadministration group with bucolome
was much lower than that without bucolome. In
addition, TT values in the coadministration group

With bucolome (78 patients)

Without bucolome (99 patients)

10 I . -

0

0 1 2 3 4 5 6 7 8
Daily dose of warfarin (mg/day)

Frequency of patients (%)

Fig. 1. Histogram of the daily dose of warfarin in patients who took

the dose was significantly lower than the dose with- or did not take bucolome (78 and 99 patients, respectively).
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With bucolome (78 patients)

Without bucolome (99 patients)

Frequency of patients (%)

A .
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40 50 60 70 100

TT values (%)
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Fig. 2. Histogram of TT values in patients who took or did not take
bucolome (78 and 99 patients, respectively).

with bucolome show less variation than that without
bucolome.

CLjn of warfarin in each patient was calculated
from these results, as described in Sectdorkig. 4
shows a histogram of the calculated jiLThe his-
togram of Cli,; was expressed every 1.0 L/day, from O
to 390 L/day. Cly; of warfarin in the group with bu-
colome was significantly lower than that without bu-
colome 0<0.05).

All coadministered drugs with warfarin, except bu-
colome, were examined for their effect on warfarin
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Fig. 4. Histogram of the calculated gL CLiy expressed every
1.0 L/day, from O to 390 L/day.

that increased the warfarin effect, those that decreased
the warfarin effect and those that caused no interac-
tion. Each daily dosel), TT value and Cl,; of war-

farin was compared between groups with and without
bucolome coadministration. No significant differences
in D, TT value or Cliyy; were found among the three
groups, suggesting that other coadministered drugs be-
sides bucolome did not affect these valuEsle 2.

5. Discussion

The present calculation of Gj.of warfarin suggests
thatthe interaction between warfarin and bucolome was
caused by inhibition of metabolic reaction to warfarin

therapy, and these drugs were classified into the follow- by bucolome. Therefore, sufficient efficacy of warfarin
ing groups according to the drug-drug interaction docu- with coadministration of bucolome was obtained even
ments supplied by each pharmaceutical company: thosewith a low dose of warfarin by its high protein-unbound
level. In addition, the difference between peak and
trough levels of warfarin became smaller because of
an increase in biological half-life. Therefore, the time-
dependent change of warfarin efficacy, or the TT value,
should be smaller. Furthermore, it is suggested that the
anticoagulant effect of warfarin was satisfactorily con-
trolled because the patient-to-patient variation of the
TT value decreased as a result of the decreased in-
terindividual variation of Cly; of warfarin by addition

of bucolome.

The present survey of warfarin prescriptions sug-
gested that most drugs other than bucolome did not
Fig. 3 The relat_ionship between daily dose of warfarin and TT val- affect warfarin therapy, whether or not they were listed
ues in each patient. The meshed part shows the treatment level of . . .
warfarin (TT: 8-15%). () With bucolome (78 patients) ) With- as druQS that mteraCteq with warfarin. . .

However, the following problems remained in the

out bucolome (99 patients)®) Average+ S.D. (with bucolome). ! : :
(W) Averaget S.D. (without bucolome). present methods. The first problem is the difference of

100
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Table 2

All coadministered drugs with warfarin except for bucolome

With bucolome

Without bucolome

n D (mg/day) TT (%) Clint (L/day) n D (mg/day) TT (%) Clint (L/day)
Drugs increasing the warfarin effect
Aspirin 22 1.62+0.68 16.1+6.7 7.68+3.21 25 3.43t1.21 22.3-9.6 25.86+12.88
Other NSAIDs 4 1.1@:0.08 17.4:5.3 6.19+2.12 6 4.00+ 1.69 29.6+11.0 46.48t 26.85
Ticlopidine hydrochloride 4 2.060.70 12.9+3.4 7.79+3.38 14 3.62:1.01 37.7424.5 98.89+126.3
Other antiplatelet 16 1.580.72 13.3:3.5 6.47+3.86 11 2,90+ 1.38 30.1+12.8 35.74+ 31.60
Antihyperlipidemic drugs 13 1.2¢0.50 16.1+8.9 6.00+2.93 18 3.96:1.19 27.0:20.8 65.7H-110.1
Oral antidiabetic 3 1.050.13 19.7+4.0 7.00+2.43 14 341128 251+7.1 30.9A14.71
Allopurinol 1 1 12.8 3.88 10 3.581.14 19.3t94 24.74+18.80
Benzbromarone 0 - - - 1 2.25 37 34.96
Prednisolone acetate 0 - - - 3 2:50.43 29.3-16.1 28.85+19.63
Thiamazole 2 1.15 145 4.48 0 - - -
Levothyroxine 2 1.2 135 4.86 2 3.75 13 14.82
Propafenon hydrochloride 0 - - - 4 242.18 49.3+ 33.6 150.5+ 206.4
Cisapride 2 1.25 24.8 11.0 3 5.311.97 16.8:6.0 29.28+15.25
Tranilast 1 1 17 5.42 0 - - -
Cefdinir 1 1.2 20 7.94 0 - - -
Clarithromycin 1 0.75 16 3.78 0 - - -
Imipramine hydrochloride 1 1.3 16 6.55 0 - - -
Drugs decreasing the warfarin effect
Spironolactone 7 1.160.58 15.1+3.4 5.86+ 3.63 9 3.86t2.24 22.3:115 27.0A412.69
Others
Digitalis preparations 34 1.340.55 14.6+4.1 6.15+2.83 34 3.50+ 1.66 24.1+12.3 35.14+48.64
Nitrates 31 1.2A0.56 15.0+ 6.3 5.614+2.65 40 3.48:1.38 26.4-14.6 4257 63.24
Ca antagonists 39 1.280.50 16.3+6.3 6.10+2.57 54 3.54:1.63 24.3t14.3 38.9166.27
B-blockers 11 1.6€-0.70 15.5+5.8 7.35:3.19 11 3.18:0.79 22.0+ 8.64 24.04+11.85
ACE inhibitors 17 1.15:0.50 17.1+7.6 6.16+3.13 23 3.62:1.23 19.0+ 8.9 24.04+15.93
Loop diuretics 41 1.320.59 14.9+4.0 6.00+ 2.65 48 3.7%1.65 23.5:£11.9 34.5140.62
Other cardiovascular preparations 20 H6@.47 15.6-4.3 8.12+2.83 45 3.55:1.71 24.4-13.4 35.52+ 55.80
Ha-blocker (except for Cimetidine) 14 1.440.66 16.1+5.2 7.17+3.20 40 3.541.22 26.1+16.7 47.3% 79.33
Other digestive drugs 34 1.220.55 16.2£7.1 5.81+2.71 28 2.8H1.36 29.4+19.1 47.7Gt 85.38
Respiratory drugs 7 1.080.27 18.8+4.60 6.52£2.73 15 3.05:1.59 24.9+9.9 29.38+22.38
Benzodiazepine derivatives 11 122.58 16.9-6.9 6.41+ 3.49 32 3.55:1.59 24.0+13.1 36.27A4-49.63
Others 28 1.180.49 17.2+4.7 6.67+3.35 28 3.64:1.88 30.2£19.7 66.23+ 104.6
All coadministered drugs (except for bucolome) 367 H3B60 15.5+5.7 6.40+2.89 518 3.53:1.49 25.6£15.1 42.40+ 65.88

Each value represents the meia8.D.
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the monitoring interval of TT and the adjustment of the ical and metabolic considerations. Br. J. Clin. Pharmacol. 16,
warfarin dose among doctors. There is some possibility ~ 669-675. _
that good control of TT values is obtained by doctors DPeykin. D., 1970. Warfarin therapy. N. Engl. J. Med. 283, 691-694,

who frequently monitor TT values and adjust warfarin 801-503.
Holford, N.H.G., 1986. Clinical pharmacokinetics and pharmacody-

dose with a Combinati(_)n O_f bUCC"Om_e- namics of warfarin. Understanding the dose-effect relationship.
The next problem is difference in the pharmaco- Clin. Pharmacokinet. 11, 483-504.
logical effects betweer§-warfarin and R)-warfarin. lkuma, H., Wada, H., Mori, Y., Shimura, M., Hiyoyama, K.,

Although we did not evaluate the difference 8f-(@and Nakasaki, T., Nishikawa, M., Onoda, K., Yamada, N., Ohta, T.,
Nishioka, J., Nobori, T., Gabazza, E.C., Sakuragawa, N., Shiku,

(R)'Warfa”n in this StUdy’ th_e strength_ of t_he antlcoagu' H., 1999. Hemostatic markers in Japanese patients undergoing
lant effe(_:t, the Unb(_)und ratio to p_rOtem binding and the anticoagulant therapy under thrombo-test monitoring. Blood Co-

metabolic mechanism may be different between them.  agul. Fibrinolysis 10, 429-434.

These problems must be considered in the future. Fur- Jusko, W.J., Ko, H.C., 1984. Pharmacodynamics and drug ac-
thermore. the appearance of the anticoagulant effect tion. Physiologic indirect response models characterize diverse

. . types of pharmacodynamic effects. Clin. Pharmacol. Ther. 56,
of warfarin greatly relates to age of patients, and,CL Z/(;)e _419'0 Y

may also be dependent on the age and/or basic diseasekoch-weser, J., Sellers, E.M., 1971. Drug interactions with coumarin
Thus we must consider these individual differences.  anticoagulants. N. Engl. J. Med. 285, 487-498, 547-558.
However, we assumed that patients had little variation MacLeod, S.M., Sellers, E.M., 1976. Pharmacodynamic and pharma-
inthe present study since age ofthe outpatient subjects cokinetic drug interactions with coumarin anticoagulants. Drugs

. . . L. 11, 461-470.
in this study has little variation (&B 11)' Majima, T., Hosono, K., Kawabe, A., 1982. A new method of anti-

In conclusion, it is suggested that interaction be- coagulant therapy used by combination warfarin and bucolome.
tween warfarin and bucolome was caused by bucolome  Niigata Igaku Kai Zasshi 88, 95-119 (in Japanese).

inhibiting the main metabolic enzyme (CYP2C9) of Matsuoka, M., 1977. Thrombosis therapy. Geriatr. Med. 15, 505-512
(S)-warfarin. CYP2C9 is polymorphic, suggesting that (0 Japanese).

issues for extensive and poor metabolizers should beNumata’ Y. Ogaw, Y., Arao, K., Mizumasa, Y., Wakita, T.,
P Haruguchi, H., Araki, H., Tsuji, T., Mawatari, K., Shimada, K.,

ConSidereq in the warfarin theraPY- |r_‘ spite_ of some 2001. Relationship between prothrombin time international nor-
problems in the present evaluation, in patients who  malized ratio and thrombo test (%). J. Cardiol. 38, 327-335 (in

did not obtain therapeutic control by warfarin alone Japanese). _ _ '
bucolome-coadministration therapy is an available and Sakashita, I, Nakamura, C., Ohtani, S., Hashimoto, R., Washio, M.,

ful thod t tisfactoril trol th ti Asano, K., 1978. Clinical significance of combination therapy
useful method to satistactorily control the anticoagu- of anticoagulations. Warfarin and bucolome in patients with ar-

lant effect of warfarin. tificial heart valve-particularly in those with Starr-Edward ball
valve. Shinzo 10, 400-406 (in Japanese).
Sakuragawa, N., Takahashi, K., Nomura, J., Sakashita, I., 1982. An-
Acknowledgement ticoagulant therapy. Acta Haematol. Jpn. 45, 830—-833.
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vivo reduction of §-warfarin clearance. Drug Metab. Disp. 27,
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