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Plate 1: Chromatograph of rifampicin, 25-desacetyl rifampicin and 3-formyl rifampicin in 

acetonitrile run at 2:3 0.1 %TFA in water: acetonitrile 
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Plate 2: Chromatograph of rifampicin, 25-desacetyl rifampicin and 3-formyl rifampicin in 

acetonitrile run at 1:40.1 %TF A in water: acetonitrile 

1.2 Standard curves in acetonitrile 

The two HPLC assays were validated by analysing spiked solutions of rifampicin, 25-

desacetyl rifampicin and 3-formyl rifampicin in acetonitrile. Half serial dilutions were 

performed from a stock solution of lO!lg/mL Figures 1-3 show the standard curves of 

rifampicin (CV = 84.47%, ~ = 0.96), 25-desacetyl rifampicin (CV = 167.58%, ~ = 0.91) 

and 3-formyl rifampicin (CV = 134.21%, ~ = 0.99) in acetonitrile. The curves were 

repeated 15 times for the rifampicin and 25-desacetyl rifampicin assay and 11 times for 

the 3-formyl rifampicin assay. The error bars indicate SD, 
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Figure 1: Standard curve of rifampicin in acetonitrile en = 15) 

550 

~+-----.------.----~----~~ 
0.0 2.5 5.0 7.5 10.0 

Concentration (~ml) 

Figure 2: Standard curve of 25-desacetyl rifampicin in acetonitrile en = 15) 
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Figure 3: Standard curve of3-formyl rifampicin in acetonitrile en = 11) 
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2. Extraction method 

A single method was used to extract rifampicin and its metabolites from plasma (Zent 

and Smith, 1995). Plate 3 is a chromatograph of a blank plasma sample. Plates 4 and 5 

are HPLC chromatographs of a plasma sample containing rifampicin, 25-desacetyl 

rifampicin and 3-formyl rifampicin, having undergone the extraction procedure and been 

run on the rifampicin / 25-desacetyl rifampicin HPLC method (plate 4) and the 3-formyl 

rifampicin method (plate 5). In the 3-formyl rifampicin assay, the rifampicin and 25-

desacetyl rifampicin elute as a single early peak as part of the frontal peak. This was 

verified by running a sample only containing 3-formyl rifampicin in which the rifampicin 

and 25-desacetyl rifampicin "frontal peak" did not appear. 
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Plate 3: Chromatograph of a blank plasma sample, extracted and run at 2: 3 0.1 % TF A in 

water: acetonitri Ie 
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Plate 4: Chromatograph of an extracted plasma solution containing rifampicin, 25-

desacetyl rifampicin and 3-formyl rifampicin in plasma, run at 2:3 0.1 % TFA in 

water: acetonitrile 
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Plate 5: Chromatograph of an extracted plasma solution containing rifampicin, 25-

desacetyl rifampicin and 3-formyl rifampicin in plasma, run at 1:4 0.1 % TF A in 

water: acetonitrile 
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2.1 Standard curves in plasma 

Half seriaJ dilutions were done from plasma solutions consisting of 10Ilg/ml rifampicin, 

10Ilg/ml 25-desacetyl rifampicin and 10Ilg/ml 3-formyl rifampicin. The solutions of the 

different concentrations were then extracted and analysed on the HPLC machine. Figures 

4-6 show the standard curves of rifampicin {CV = 144.53%, r = 0.96), 25-desacetyl 

rifampicin (CV = 159.730/0, r = 0.92 ) and 3-formyl rifampicin (CV = 117.69%, r = 

0.95) in plasma. The rifampicin and 25-desacetyl rifampicin assay was repeated 9 times 

and the 3-formyl rifampicin assay was repeated 10 times. Error bars indicate SD. 
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Figure 4: Standard curve of rifampicin in plasma (n = 9) 
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Figure 5: Standard curve of25-desacetyl rifampicin in plasma (n = 9) 
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Figure 6: Standard curve oD-formyl rifampicin in plasma en =10) 

3. Validation of the HPLC method 

3.1 Sensitivity of the HPLC assay 

The limit of detection for rifampicin, 25-desacetyl rifampicin and 3-formyl rifampicin 

were 0.078J.!glml, 0.078J.!glml and 0.156J.!glml respectively. 

3.2 Specificity of the HPLC assay 

Most patients received a combination drug consisting of rifampicin, isoniazid, ethambutol 

and pyrazinamide. Some patients received concomitant medication of streptomycin and 

co-trimoxazole (a combination of sulphamethoxazole and trimethoprim). The Zent and 

Smith method was tested for its specificity to rifampicin in the presence of isoniazid and 

pyrazinamide, (Zent and Smith, 1995). Ethambutol does not absorb in the ultra violet 

range and therefore could not pose any interference with the detection method. It was 

therefore not tested for interference Two drugs were tested for interference with the 

HPLC methods: streptomycin and co-trimoxazole. Plate 6 shows a chromatograph of co­

trimoxazole in acetonitrile run at 2:3 O.l%TFA in water:acetonitrile. Under these 

conditions co-trimoxazole has a retention time of 1 48 minutes. The retention time of co­

trimoxazole when run at 1:4 O.I%TFA in water:acetonitrile was even shorter at 142 

minutes. Co-trimoxazole, therefore would not have posed an interference to the HPLC 

assay even if it could have been extracted with the rifampicin and its metabolites in the 

extraction procedure. Plate 7 shows a chromatograph of streptomycin run at 2:3 
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streptomycin run at 2:3 0.1 %TFA in water: acetonitrile. Streptomycin could not be 

detected by this method or by the 3-formyl rifampicin method of 1:4 0.1% TF A In 

water: acetonitrile. 
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Plate 6: Chromatograph ofco-trimoxazole in acetonitrile run at 2:3 O.l%TFA In 

water: acetonitrile 
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Plate 7: Chromatograph of streptomycin in acetonitrile run at 2:3 0.1 %TFA in 

water: acetonitril e 
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4. Validation of the extraction method 

4.1 Reproducibility of tbe extraction columns 

Thirteen extraction columns were used. Figures 7-9 below show the concentration 

yield after the extraction of a plasma solution containing lOIlg/ml rifampicin, 1 o Ilg/m I 

25-desacetyl rifampicin and lOIlg/ml 3-formyl rifampicin. There was no significant 

difference in the yields from any of the columns as can be noted from the P values, 

which are greater than 0.05. Error bars indicate SD. 

~ 

'8 10 

~ 
c 
o 
.~ 

~ 5 
" o 
C 
o 

U 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 

Extraction Column 

Figure 7: Reproducibility: lO!lg/ml rifampicin (P = 0.7) 
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Figure 8: Reproducibility: lO!lg/ml 25-desacetyl rifampicin (P = 0.3) 
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Figure 9: Reproducibility: lO!lg/ml 3-formyl rifampicin (P = 0.7) 
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4.2 Recovery of the extraction method 

Figures 10-12 show the recovenes of rifampicin, 25-desacetyl rifampicin and 3-

formyl rifampicin from plasma at a range of concentrations. The mean % ± SEM 

recovery was 75.47 ± 3.77% for rifampicin, 79.65 ± 2.83% for 25-desacetyl 

rifampicin and 59.34 ± 3.39% for 3-formyl rifampicin. 
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Figure 10: Percentage yield of rifampicin after extraction 
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Figure 11: Percentage yield of25-desacetyl rifampicin after extraction 
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Figure 12: Percentage yield of3-formyl rifampicin after extraction 
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4.2 Specificity of the extraction method 

Two drugs were tested for interference with the extraction method: streptomycin and 

co-trimoxazole. Neither drug could be detected on the HPLC methods after the drugs 

had undergone extraction (plates 8 and 9). The presence of streptomycin and co­

trimoxazole did not interfere with the recovery of rifampicin or its metabolites. The 

comparison of the percent yield of rifampicin from a plasma sample with and without 

co-trimoxazole and streptomycin gave a P value of 0.85. The same comparison of25-

desacetyl rifampicin and 3-formyl rifampicin gave P values of 0.20 and 0.11 

respectively. 
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Plate 8: Chromatograph of rifampicin and its metabolites with streptomycin and co­

trimoxazole run at 2:3 O.l%TFA in water: acetonitrile 
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Plate 9: Chromatograph of rifampicin and its metabolites with streptomycin and co­

trimoxazole run at 1:4 0.1 % TFA in water:acetonitrile 

4.4 Stability of rifampicin and its metabolites 
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The stability of the drug and its metabolites at -80°C was tested over a period of 2 

months. There was no significant difference in yield of rifampicin (P=0.35), 25-

desacetyl rifampicin (P=0.13) or 3-formyl rifampicin (P=0.65). The drug and its 

metabolite therefore did not degrade during refrigeration at -80°C and could safely be 

analysed up to 2 months after freezing. None of the samples were analysed later than 

2 months after collection. Figures 13-15 show the observed concentration recovered 

without refrigeration and after 1 week, 2 weeks, 1 month and 2 months of 

refrigeration at -80°C. The starting concentration of rifampicin and its two 

metabolites was 101lg/ml. The error bars indicate SD. 

15~------------------------------. 
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Figure 13: Observed concentration of rifampicin 0,1,2,4 and 8 weeks after 

refrigeration (n=2) 
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Figure 14: Observed concentration of 25-desacetyl rifampicin 0,1,2,4 and 8 weeks 

after refrigeration (n=2) 
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15,---------------------------, 

o o weeks 1 week 2 weeks 4 weeks 8 weeks 

Figure 15: Observed concentration of3-formyl rifampicin 0,1,2,4 and 8 weeks after 

refrigeration (n=2) 

The HPLC and extraction methods that were developed and validated were used in 

the analysis of the data obtained from the clinical trial. The results from the clinical 

trial are described below. 

5. Clinical trial results 

5.1 Subject selection 

Over a period of2 months 68 subjects were screened, 21 of whom participated in the 

clinical trial. It was initially decided to screen 100 patients based on a previous trial 

conducted in the department of Pharmacology, UCT, in which 6 of the 100 trial 

subjects were reported to have raised liver enzyme levels. The aim was to obtain at 

least 10 test subjects with abnormal liver enzymes for the trial. Once this had been 

achieved, the screening was stopped. The number of patients on the trial was limited 

mainly due to budget constraints. The test group consisted of 12 patients, and the 

control group, exhibiting normal liver enzyme levels, consisted of 9 patients. The 

average age ± SD of the test group was 41. 58 ± 2.42 years and that of the control 

group was 35.00 ± 2.93 years. There was a significant difference in age (P=0.046) 

between the groups. The average weight ± SD of the test group was 43.08 ± 1.95kg 

and that of the control group was 46.39 ± 2.47kg, with no significant difference 

between the two. The test group had an average body mass index (BMI) ± SD of 

16.72 ± 0.67kg/m2 and the average BMI of the control group was 17.55 ± 0.74kg/m2
. 

Both groups had BMI's below the normal range of 18-24 kg/m2
, with no significant 
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Figure 17: Mean + SD of health markers of control and test groups 
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Figure 18: AUe of rifampicin in control and test groups 
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Figure 19: AUe of 25-desacetyl rifampicin in control and test groups 

Since there was a correlation between the AUe of rifampicin and the presence of raised 

liver enzyme levels in patients, further analysis was done on the correlation between 

AUe of rifampicin and the specific liver enzymes that were tested (ALT, AST, ALP and 

yOT). Figures 20-23 show the AUe of rifampicin vs. the liver enzyme levels of all 21 

patients for each of the liver enzymes specified above. There is no linearity in any of the 

graphs as can be seen from the squared correlation coefficient (r\ indicating that no 

direct correlation can be shown between the AUe of rifampicin and a specific liver 

enzyme level. 
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Figure 23: yGT levels vs. AUe of rifampicin (? = 0.0727) 

Although no significant difference could be seen between the AUe of 25-desacetyl 

rifampicin control and test groups, the AUe of the test group was higher than that of 

the control group. To detennine whether the effect of rifampicin Aue on raised liver 

enzymes was one which was determined by the total concentration of drug + 

metabolites, the total AUe for both rifampicin + 25-desacetyl rifampicin was 

calculated by adding the rifampicin and 25-desacetyl rifampicin concentrations at 

each time point and calculating a new combined AUe. This combined AUe was 

plotted for the control and the test groups (Figure 24). There was a significant 

difference between the two groups (P = 0.05). Error bars indicate SD. 
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Figure 24: Sum of the AUe s of rifampicin + 25-desacetyl rifampicin for control and 

test grou~ 
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Figures 25 and 26 compare the Cmax for the control and test groups of rifampicin and 

25-desacetyl rifampicin respectively. There was no significant difference between the 

Cmax of rifampicin control and test groups (P = 0.27) or between the Cmax of 25-

desacetyl rifampicin control and test groups (P=0.78). There was no significant 

difference in the Cmax of rifampicin or 25-desacetyl rifampicin in patients with and 

without HIV. The rifampicin Cmax ± SD of mv positive patients was 11.08!lg/ml 

and 4.36!lg/ml (7.72 ± 3.36!lg/ml) and of negative patients was 6.29 ± 3.36l-lg/ml 

(P=0.76). The Cmax ± SD of 25-desacetyl rifampicin in the my positive and 

negative patients were 0.15 ± 0.02!lg/ml and 0.48 ± 0.09!lg/ml respectively (P=0.17). 

Error bars indicate SD. 
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Figure 25: Cmax of rifampicin control and test groups 
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Figure 26: Cmax of 25-desacetyl rifampicin control and test groups 
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Figures 27 and 28 compare the half-life (tll2) for the control and test groups of 

rifampicin and 25-desacetyl rifampicin respectively. There was no significant 

difference between the tl/2 of rifampicin control and test groups (P=0.49) or between 

the tl/2 of 25-desacetyl rifampicin control and test groups (P=O.77). The error bars 

indicate SD. 
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Figure 27: Half-life of rifampicin control and test groups 
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Figure 28: Half-life of 25-desacetyl rifampicin control and test groups 

The ratio of metabolite to drug is a good indicator of the ability of the patient to 

metabolise the drug. Figures 29-31 represent the ratios of the AUC, Cmax and tl/2 of 

25-desacetyl rifampicin to rifampicin for control and test groups. There was no 
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significant difference between the test and the control groups for AUC (P = 0.97), 

Cmax (P = 0.50) or tll2 (P = 1). The error bars indicate SD. 
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Figure 29: Ratio of25-desacetyl rifampicin AUC and rifampicin AUC in control and 

test groups 
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Figure 30: Ratio of 25-desacetyl rifampicin Cmax and rifampicin Cmax in control and 

test groups 
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Figure 31: Ratio of 25-desacetyl rifampicin t1l2 and rifampicin tl/2 in control and test 

groups 
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