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ABSTRACT. A gas chromatography-mass spectrometric (GC/MS) method for caffeine levels determination in blood to children suffering of different forms of liver diseases is described. Caffeine clearance is a novel approach for assessing hepatic microsomal function. 10 µg/ml 15N-theophylline has been used as internal standard. A Hewlett Packard GC/MS engine 5989B in the SIM mode was used equipped with a HP-5 capillary column 30mx 0.25mm diameter, 0,25µm film support, in the temperature program: 200-250oC with a rate of 10oC/min. The method was validated in the range 0-20µg/ml caffeine. A dose of 4mg/kg p.o. was used. Blood caffeine concentrations were measured before dose and timed intervals at 0, 30 min, 1, 3, 6, 9 and 12 h. Caffeine clearance, measured in patients with cirrhosis and chronic hepatitis, was reduced and half live time was increased in children with liver disease as compared with control. The decreased metabolism observed in patients with various forms of liver disease was correlated to the disease status.

1. INTRODUCTION

Liver function in humans has traditionally relied on static indices of hepatic structure, cellular integrity or function and is based on the release of substances from damaged tissues. The development of dynamic tests based on the measurement of substances metabolized or cleared from blood by the liver offers a more precise quantitative estimation of hepatic functional capacity. Recently, caffeine, which is a trimethylxanthine, has been introduced as a model compound for measuring the metabolic capacity of the liver and has the advantage of being well tolerated when administrated orally. Fasting plasma or saliva caffeine concentrations have been suggested to be a simple guide to the severity of chronic liver disease /1,3/. Tests of screening for the presence of liver disease or a reflection of deteriorating hepatic function must be studied in a serial manner and confirmed by many laboratories/4/. Caffeine clearance, measured as disappearance of the parent compound from the blood stream or as appearance of the end product of demethylation in breath, was validated as a dynamic test for assessing hepatic microsomal function. 

The aim of the present investigation was to validate a method for plasma caffeine level determination for characterization of some pharmacokinetic parameters as plasma clearance and half-life time in children.

2. EXPERIMENTAL:
15N-theophylline, 74,2 atom % 15N, labeled at the nitrogen in the position 7, synthesized in Institute of Isotopic and Molecular Technology Cluj-Napoca, was used as internal standard. Solvents were purchased from Comchim, Bucuresti, Romania. The analyses were performed with a quadrupolar mass spectrometer HP 5989B couplet with a gas chromatograph HP 5890 with the following parameters: electron energy: 70 eV, electron emission: 300µA and ion source temperature of 200oC,

A HP-5MS fused silica capillary column, 30mx0.25mm, 0.25µm film-thickness, was programmed from 200oC to 270oC at 10oC/min with helium flow rate 1ml/min. Retention times for caffeine and the internal standard were 2.8min and respectively 3.5 minutes. The molecular masses m/z 194 for caffeine and m/z 181 for 15N-theophylline were selected in the SIM mode. Fig.1 presents the SIM ion chromatogram and the mass spectrum of caffeine.

2.1. Extraction procedure:

The extraction was performed from by mixing 1.5 minutes 1ml plasma, 2ml solvent: chloroform:isopropanol (20:1.v/v), 10µlg internal standard and 0.5g NaCl. After 3 minutes centrifugation, 3µl of supernatant was analyzed.

2.2. Study population
Concentration measurements were performed in 32 hospitalized children: 10 controls, 18 with chronic hepatitis and 4 children with cirrhosis. A dose of 4 mg/kg of caffeine intravenous was given. Blood samples were collected at different hours: 0, 0.5h, 1h, 3h, 6h, 9h, 12h. Written informed consents were obtained from each subject parent prior to this study. 

2.3. Calculation of caffeine levels was made by using the regression curve obtained from the aliquot samples measured by GC/MS method. The pharmacokinetic parameters were calculated with the formulas:

Kel=(lnC1-lnC2)t;
t1/2=ln2/kel
Cl=kelxVd

where:kel is the elimination constant; C1 and C2 are the maximum plasma concentration and minimum plasma concentration of caffeine, t1/2 is the half-live time and Vd is the distribution volume of 0.6l/kg body weight.

RESULTS AND DISCUSSION

Method validation. In the gas chromatograph-mass spectrometric (GC/MS) assay, m/z 194 and 181 ions were measured in the selected ion monitoring (SIM) mode, for caffeine and the internal standard respectively. The regression curve obtained in GC/MS assay : y=0.52 x - 0.13 (DI-MS); n=5 r=0.95  in the range 0-20µg. Precision gave R.S.D values lower than 5% for 5µg/ml (n=7) and lower 12% for 3µg/ml(n=7). Accuracy shows values lower than 6%. Sensitivity measured at a signal/noise 4/1 was 0.5µg/ml. Each value was obtained as an average between two measurements of the same sample.

The ion chromatograms in SIM mode for caffeine (m/z 194) and the internal standard (m/z 181) are presented in Fig. 1. The molecular ion is the basic peak for the both components as shown in the mass spectrum for caffeine in Fig.1.
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Fig.1 Caffeine determination by GC/MS SIM mode


The mean values of the two pharmacokinetic parameters studied, Cl and t1/2, presented in Table I for patients with hepatic disease and control., show high differences especially between control and cirrhotics. Table II shows the pharmacokinetic parameter values for the patients with hepatic disease. Fig.2 presents the high plasma concentration values for caffeine in patients in comparison with the mean value of caffeine concentration obtained in control (n=10), as shown in Table III.

Table I 

Mean values for half-live time and clearance for control and patients


Cirrhosis
(n=4)
Chronic hepatitis
(n=22)
Control
(n=10)


t1/2(h)
Cl(ml min-1 kg-1
t1/2(h)
Cl(ml min-1 kg-1
t1/2(h)
Cl(ml min-1 kg-1

mean
0.55
19.11
1.20
6.62
5.13
1.36

SD
0.41
14.90
0.46
2.44
0.85
0.23

Table II 

Patients pharmacokinetic parameters

Subjecta
Sex
Age
Body weight
Caffeine
Caffeine





(yr)
(kg)
clearance
half-life







(ml/min/kg)
(h)



Normal values:
M


1.36±0.23
5.23±0.85


P.F.
M
13

0.77
9
HEPATITIS

B.V.1
M
7
28
1.58
4.39
HEPATITIS

I.S.
M
10
24
1.8
3.84
HEPATITIS

B.V.2
M
11
30.5
0.78
8.87
HEPATITIS

S.V.
M
10
31.5
1.13
6.11
HEPATITIS

D.I.
M
8
22
0.97
7.18
HEPATITIS

P.O.
M
8
29
0.84
8.23
HEPATITIS

S.R.
M
9
39
1.31
5.28
HEPATITIS

R.M.
F
6
11
1.45
4.77
CIRRHOSIS

L.R.
M
5
16
0.19
35.74
CIRRHOSIS

M.A.m
M
7
32.6
0.99
6.98
CIRRHOSIS

S.M.
M
3
14
1.79
3.87
HEPATITIS

S.C.
M
8
22.5
1.65
4.21
HEPATITIS

I.F.
M
19

1.46
4.75
HEPATITIS

M.F.
M
11.5

0.47
14.62
CIRRHOSIS

B.A.
F


0.92
7.53
HEPATITIS

B.C.
M

38
0.95
7.31
HEPATITIS

C.M.I
M


0.88
7.88
HEPATITIS

C.M.II
M


0.60
11.55
HEPATITIS

G.A.
M
5
15.5
2.21
3.13
HEPATITIS

M.A.
F
15
47
1.25
5.54
HEPATITIS

T



0.66
10.51
HEPATITIS
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Fig.2 Plasma caffeine concentrations in patients

Table III

Caffeine plasma concentration mean values (maximum and minimum)


C1(1h)
C2(9h)

CONTROL
16.84
5.28

CIRRHOSIS
29.96
15.12

HEPATITIS
37.41
13.43

3. CONCLUSIONS
The method presented is simple, precise and rapid, useful in the analysis of xantines. Isotopic labelled internal standard used avoids metabolites overlapping. Good linearity, precision, accuracy and sensitivity is obtained in the range 0-20µg/ml of drug. 

Significant changes (p<0.01) were observed in caffeine metabolism in children with decompensated cirrhosis. The clearance values of 0.41±0.56ml min-1 kg-1 and half-life times of 14.34±14 are changed because of the reduction in “functioning hepatocyte mass”. The control values for clearance and half-life time were 1.5±0.46 and t1/2=5±1.8 in literature and our data of 1.36±0.23 and t1/2=5.13±0.85 (n=10).

Patients with noncirrhotic liver disease showed intermediate values (Cl=1.2±0.46 and t1/2=6.62±2.44) but higher values of caffeine plasma concentrations.
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