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Rifampicin (R) is partly metabolised in man, its principal metabohte being 
25ilesacetyLtismpicin (DR) [l] _ It was recently reported [2] that rifampicin 
could also give sizable amounts of 3-formyhifamycin SV (FR), while 3-formyl; 
25-desacetyLrifamycin S_V (FDR) and N-desmethyh-iknpicin could be expected 
in lo* concentrations. A quinone metabolite has also been suspected, but not 
detected ixs+se it would have been reduced in the presence of the ascorbic 
&id required to protect rifzunpicin from air oxidation. 

The microbiological assay of rifsmpicm and most of the physicochemical 
procedures descrjbed /2, 3 ‘51 do not permit the separate determination of 
R tid its tietebohtes. -4 high-performance liquid chromatography (HPLC) 
technique _for then quantitative at+lysis of R and DR down to 0.1 yg/mi of 

-plasma has -been reported 161, but its specificity as regards FR and FDR has 
not been demonstrated. 

-This paper describes a simple. and sensitive HPLC assay procedure for the 
simuhaneous and specific determination of R, FR, DR and FDR in biological 
flI.&ls. 

Bf..teiials I 
R,‘. FR, -.DR_ .and FDR were sup&d .by CibaGeigy, (Basle, Switzerland). 

The solvents ‘and reagents used were all of analytical grade: dichloromethane 
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(E. Merck, D armstadt, @-F-R., Cat. &o_ 6050), isooctane (Merck, Cat. No. 

4727), ethanol (Prolabo, Paris, France, Cat. No. 20821). .. 
The buffer solution used consisted of 2 g ascorbic acid (Me&k, CT& No. 

12%) and 10 g anhydrous sbdiurh sulphate (Merck, Cat. No. 6649) tiade up 
to 50 ml with concentrated buffer solution pH 6 (Merck, Cat. No. 9866) and 
continuously mixed in a 50-ml volumetric flask. Fresh batches were prepared 
each day. 

Chromatography was performed on a Model 1010 high-performance Iiquid 
chromatograph (Hewlett-Packard), equipped with a U6K valve injector (Waters 
Assoc.) and a Model 1036 A fixed-wavelength (254 nm) UV absorbance detec- 
tor (Hewlett-Packard). The detector was connected to a CRS 204 electronic 
integrator (Infotronics) and to a 3012 potentiometric recorder (W+W, Kon- 
tron). 

Column 
The chromatographic column was a &ainIe~steel tubel(10 cm X 7-5 mm 

I.D.) filled with LiChrosorb Si 60 ( 5 pm particles) (Merck) by the sIurry tech- 
nique 17, 81: 3 g of LiChrosorb were suspended in 15 ml of the mobile phase 
and the shury was forced into the column under pressure. The Elow-rate must 
be high enough to give a pressure around 150 bars at the end of filling. The 
column is ready for use as soon as filled. Its efficiency is 2000-3000 theoretic- 
aI pIates for the DR peak. 

Assay procedure 
To l.ml of plasma, urine or saliva in a 5-ml glass centrifuge tube are added 

50 pl of methanol, 1 ml of buffer solution and 1 ml of isooctaue--dichIoro- 
methane (3:2, v/v). The tube is stoppered and mechanically shaken for 10 
min at 350 rpm with an Infers shaker, then centrifuged for 5 min at 2000 g. 
A 100-d portion (5 ~1 when the concentration. of R is higher than 20 pg/ml 
and 200 PI when it is lower than 0.1 pg/mI) of the superhatant organic phase 
is inject& into the cbromatograpbic column. 

The mobile phase, dichloromethaneisooc~~ol~a~~cetic acid 
(36.6:45:16.8:1.65:0.002), is pumped at a constant fIow-rate of about 3 -&I/ 
min under a pressure of about 40 bars at room temperature. 

Every sample is analysed in duplicate, an! one ahquot. of each assay is 
chromatographed. If the peak areas of the compounds are not within + 5%, 
a third analysis is performed. 

Calibration 
Calibration samples are prepared by measurin g 100 ~1 of convenient R, FR, 

DR and FDR dicbloromethane solutions into lo-ml tubes. Dichloromethn~ is 
evaporated under nitrogen, the compounds are redissolved in 50 JLI of methanol 
and 1 ml of plasma, urine or saliva is added. Three to four sampIes containing 
0.2-20 yg of the compounds are prepared. The cabbration graphs (peak area 
against concentration on a log-log graph) are straight lines. The complete 
cahbration is repeated every day. 
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RENJLTS AND DISCUSSION 

Fig. IA shows that R is clearly separated from its three membolites. Under 
the prescribed conditions, some batches of LiChrosorb may result in a poor 
separation of either- R and FR for FR and DR. In such cases, a goad separation 
is achieved by increasing or decreasing the dichloromethane content of the 
mobile phase by l-2%: increasing the dichloromethane content lenthens the 
retention times of FR and FDR. Plasma components do not interfere (Fig. 
IB and C). The same is true of urine and saliva. 

Reproducibility &zd uccurucy 
Various spiked human plasma, urine and saliva solutions were analysed 

repeatedly. Table I shows that the proposed procedure permits the quanti- 
tative sssay of R, FR, DR and. FDR down to 0.1 pg/ml; if a higher sensitivity 
is needed, it is possible to inject a larger volume of extract (200-300 ~1). The 
absolute detection limit is 1 ng R per injection when the peak height is about 
five times the background noise. 

Table II demonstrates the good reproducibility of the cbromatograpbic 
step. It is to be noted that the coefficient of variation calculated from the 
ratio (peak area of R/peak area of DR) is not better than when it is obtained 
from either the R or DR peak area. This shows that an internal standard would 
not improve accuracy. The yields (+ SD.) of extraction from plasma or urine 
are 96 f 5% for R, 86 f 6% for FR, 72 + 6% for DR and 75 + 6% for FDR. - 
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Fig. 1. (A). Cbromatugraphy of a synthetic mixture of rifampicin and three of its metab- 
oI&es_ R, Rifampicin; FR, 3-formylrifamycin SV; DR. 25-desacetylrifampiciz.t; FDR, 8-f0r- 
myl-2kWacetyJzifamycin SV. (B)- Chromatography of a blanH plnnnn extra& (C). chro- 
matography_ of a plasma &act of a sub&t given an oral dose of rifampicin. R. found: 
1.45 &/IQ& J?R, foimd 0.41 &ml; DR, found: 0.45 &ml; FDR, found: 0.05 pglmli 
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Stability of R, FR, DR and FDR solutions .;..- -_. ..:-;.,- /, -. ,~~ - - .T>“... :_ _. i -1 -: ; .: 
The presence of ascorbic acid in the organic solu$ion,is neceksary to prevent 

oxidation of R and itg’metabolites_ Dichloromethane cal.i&ation solutio;ns ti 
be stored for one month : at +5?. Aqueous kolution$~ vMe fourid mot :td. be 
sMiie:enough -to he used for abration, even- with .asc~rbic$~a&d:~No~decre&e 
in the R-content was observed in plasma and urihe samples when stored fro-n 
for three months at +20” . . -. - _.: . 

_’ -:: _.:_sc 

Speed of anulysis . ;_- .I...- 

The analytical technique is fast: one single -extzaction~ is &i2ded .befo& 
chromatography, which takes about 10 min, 

--. .. 

Application -I 
The described procedure was used in thi quantitative assay of R;kR, DR 

TABLE1 ~- 

REPRODUCIHLITYANDA CCURACY OFTHEASSAYIN 
&IDSALnrA- 

&.P&ti.h 

lOOpIofe&ractinjected. 

CQnqound Sample Amount of Averageof Coefficient 

(lmv compoundadded 6asays of variation 
hx) bd 4%) 

Rifampicin 

Urine 

Saliva 

25-Desacetykifampici 

Urine 

Sali= 

3-FormyIrifamycinSV 

3-Foxmyl-25-desace~l- ’ Plasma 
rifamycinsv 

0.05 0.05 23.0 
0.10 0.10 7.6 
0.50 0.50 4.7 
.l.OO 0.96 4.9 
5.00 4.90 4.9 

20.00 19.90 5.9 

9.00 
18.00 

2.00 

0.10 
0.20. 
0.50 
2.50 
5.00 

10.00 

4.50 
9.00 

9.10 1.2 
18.50 2.3 

2.00 8.6 

4.6q 
.9.20 

9.2 

i-t 
410 
4.q 
4.5 

: .-. _1ig: 

1.8 

1.00 

0.05 
0.10 
2;50 
0.10 

: 0;20 

f,Ol 

0.05 
-0.10 
2.45. 
-0.11 
.o,zr 

0.50 :~ :. 0.52.. -- .: ,.4;2::.- 
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-1.::. : J&&208- --: 
3”. .’ .. 163345.- 285639. 

4 185746 
5 184873 
6 183810 
7 : 184299 
8 185390 -. 
9 : 134765 

10 181082 

92369 
~. .91599 

92321 
91451 
92167 
92240 
91891 
94983 
9116i 
92424 

-: : 2.00706 
2.01079 .. 
2.03109 
2.00534 ._ 
1.98876 . 
1.99803 . . 
1.95132 
1.98636 
2.01069. 

Average I84366 _ 92261 1.99847 

Coefficient of I 0.7 I.1 g-0 
VSSidi0n . 

HOURS 

Fig_ 2_SenrmeancentratioasobtaiPed:(A)inoneheslthy~bjectonthe 1st dayof~treat- 
zxent;(B)in o~ecirdxotie patient on the 7th day oftreatrnentaftercIailyadmini&ation of 
600 mg ofrifampicin. *, Rifampichq-, 3-fomylrifhmycin SV,o, 25&sacetyhSampicin;n, 
3-fonnyl-25desace~~yciIl sv. 
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and FDR in the serum of normal subjects and cirrhotic patienb given 600.mg 
of rifampicin daily for seven days. Fig. 2 shows th? serum concentrations. ob- 
tained in on& healthy subject on the first day and-in one &$ the patieik OR, the 
seventh day of treatment. 

: 
CONCLUSION 

The proposed technique permits the separate determination of rifampicin 
and three qf its metabolites in human plasma, urine and saliva. It is fast and 
more specific than the existing assay procedures. It can be used to monitor 
rifampicin concentrations in patients, and to ascertain whether any accumula-’ 
tion of metabolites takes place. 
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