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SHORT REPORT

The blood/cerebrospinal fluid partitioning of
pyrazinamide: a study during the course of
treatment of tuberculous meningitis

Prida Phuapradit, K Supmonchai, S Kaojarern, C Mokkhavesa

Abstract
Concentrations of pyrazinamide were
measured in serum and cerebrospinal
fluid (CSF) of 17 adult patients with
tuberculous meningitis up to six months
after starting treatment. Pyrazinamide
penetrated excellently into the CSF and
mean concentrations at various intervals
up to six months of treatment were cons-
istently above that required for inhibition
of the growth of Mycobacterium tuber-
culosis. The blood/CSF partitioning of
pyrazinamide does not change as the
patients recover from the meningitis.
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Pyrazinamide has been used increasingly in
recent years for treatment of tuberculous
meningitis." The excellent penetration of
pyrazinamide into the cerebrospinal fluid
(CSF) was first demonstrated in a single case

report of a patient with tuberculous menin-
gitis.3 This finding was confirmed in recent
studies in a larger number of patients with
tuberculous meningitis.' A number of
antituberculosis drugs, notably ethambutol,
rifampicin and streptomycin, pass into the
CSF in sufficient concentrations during the
active stage oftuberculous meningitis but, after
treatment, as the blood-brain barrier is re-

stored, the concentrations of these drugs in the
CSF decrease.7 Data on the penetration of
pyrazinamide into the CSF during the course

of treatment of the meningitis are limited. We
conducted a study to measure the levels of
pyrazinamide the serum and CSF of 17 adult
patients with tuberculous meningitis at various
intervals up to six months after starting treat-
ment.

Patients and Methods
The ages ofthe 17 patients ranged from 15 to 70
years with a mean of 33 years. All patients
presented with lymphocytic meningitis with
low CSF glucose and raised CSF protein
concentrations. M tuberculosis was grown from
CSF in four patients. Eleven patients had
associated active pulmonary tuberculosis,
which in six was miliary. Caseating cervical
lymphadenitis was found in three patients.

Thirteen patients belonged to the previously
reported series of 28 patients who received oral
pyrazinamide 1500 mg (30 mg/kg for those
who weighed less than 50 kg), rifampicin 600
mg (450 mg for those who weighed less than 45
kg), isoniazid 300 mg and intramuscular strep-
tomycin 750-1000 mg daily as single doses for
two months, followed by isoniazid 300 mg and
rifampicin 600 mg daily for seven months.'
The other four patients received similar doses
of pyrazinamide, rifampicin and isoniazid
300 mg as single daily doses for six months with
streptomycin 1000 mg/day by intramuscular
injection during the first two months. Lumbar
punctures were periodically performed to
assess response to treatment. The CSF and
serum were collected three hours after a
1500 mg oral single dose of pyrazinamide at
various intervals of the treatment.

Pyrazinamide was assayed spectrophoto-
metrically by the method described by Guru-
murthy et al.8 The CSF and serum levels of
pyrazinamide during the first five weeks of
treatment were obtained in 13 patients. In four
patients the levels were measured at the 25th
week of the treatment. The concentrations of
pyrazinamide in the serum and CSF were
presented as means and standard deviations.
Correlation between the serum and CSF levels
of all intervals was analysed by linear regres-
sion. Mean ratios of the CSF and serum
concentrations of pyrazinamide at various
intervals were calculated and compared by
analysis of variance.

Results
There were 41 paired specimens of CSF and
serum taken at various intervals of the treat-
ment. Mean concentrations and standard
deviations of pyrazinamide in the CSF and
serum are shown in the table. There was a good
correlation between the concentrations of
pyrazinamide in the serum and CSF (P <
0-001) with a correlation coefficient (r) of
0-8701 (n = 41) (fig). Analysis of variance
showed no statistical difference in the CSF/
serum ratios of pyrazinamide concentrations at
different times from starting treatment at the
0 050 level.
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Table Mean concentrations (SD) ofpyrazinamide concentrations in the serum and
CSF

Number of
paired
samples of Mean concentration (sg/ml) (SD)

Weeks of serum and CSF/serum
treatment CSF Serum CSF ratio

1 11 42-3 (17 2) 39 7 (14 2) 0-95 (0-18)
2 13 32-2 (11 2) 29-5 (12-0) 0-92 (0-18)
3 5 39 9 (11 8) 33.6 (8 2) 0-87 (0 17)
4 4 49 0 (16 7) 50 2 (14 6) 1 04 (0 06)
5 4 35-5 (6 1) 37.2 (7 6) 1.05 (0 03)

25 4 38-1 (6 6) 29 7 (6 2) 0 79 (0-17)

Figure Plot of CSF
concentrations of
pyrazinamide against the
serum concentrations for
17 patients with
tuberculous meningitis.
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Discussion
Our study confirmed excellent penetration of
pyrazinamide into the CSF in all the patients
and that blood/CSF partitioning of pyrazin-
amide did not change as the patients recovered.
The mean concentrations of pyrazinamide in
the CSF, measured at various intervals up to
six months of the treatment, were consistently
above that required for inhibition ofthe growth
of M tuberculosis.9 There were no statistical
differences between the CSF/serum ratios at
various intervals of the study. Even at six

months ofthe treatment therapeutic concentra-
tions of pyrazinamide in the CSF were still
maintained. Further studies on the lipid solu-
bility and protein binding ofpyrazinamide may
explain its excellent entry into the CSF.

In view of its potent sterilising antituber-
culous activity, reasonable cost, low incidence
of major adverse effects' " and excellent CSF
pharmacokinetic property, pyrazinamide
should be included in the regimen of drugs
used in the treatment of tuberculous menin-
gitis.
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