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The metabolism of Rifampicin after the oral administration to man is the subjects of
interest. Biological assay is usually applied for the determination of Rifampicin, but the
absolute values reported are considerably different, depending on the method used. The
authors recently developed a reliable chemical method to determine serum and urinary
Rifampicin, and had an opportunity to investigate the metabolism of the drug in man by
using the chemical assay in place of unstable biological assay heretofore in use. The present
paper discussed a number of remarkable findings obtained from observation of 13 patients
with pulmonary tuberculosis during continuous administration of Rifampicin, 450 mg
daily.

Methods
Chemical determination of Rifampicin was done as follows:
I Serum Rifampicin
Serum 1 ml
Water 1 ml Extracted with 3 m! isoamylalcohol
Phosphate buffer (pH 7) 1 ml
Measurement of 335 mu extinction
II)  Urinary Rifampicin
1)  Total Rifampicin (Rifampicin and desacetyl-Rifampicin)
Original or diluted urine 2 ml
Phosphate buffer (pH 7) 1ml!
Measurement of 475 mu extinction .
2) Rifampicin e e i \ -
Original or diluted urine. 2m]  Extracted with 1 ml benzene and 1 m!
Phosphate buffer (pH 7) 1ml  hexane
Measurement of 475 mu extinction
3) Desacetyl-Rifampicin
Calculated as a difference between the values of 1) and 2)
TII) Rifampicin in feces

Extracted with 2 m/ isoamylalcohol

~ i

* From the Tokyo National Chest Hospital, Takeoka 3-1-1, Kiyose-shi, Tokyo, 180-04, Japan.
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24 hour feces
Water 1,000 m/
The same assay method as that for urinary total Rifampicin was applied to the

Kept for 5 ~ 6 hours, agitating sometimes

supernatant.
TLC analysis of the urinary Rifampicin metabolites: Rifampicin and its derivatives
Rifampicin and its derivatives extractable with a benzene-hexane (1 : 1) mixture
solvent were analyzed by TLC techniques. Desacetyl-Rifampicin and its derivatives could
scarcely be extracted in this solvent. Simultaneous use of the other antituberculous agents
was allowed except the day of examination, once a month.

Results

After the oral administration of 450 mg Rifampicin 30 minutes before breakfast, the
average serum levels of 13 cases were 11.2 mcg/ml at 2 hours, 9.2 at 4 hours and 7.2até6
hours in the primary administration. The half-life of serum Rifampicin being estimated was
6.7 hours based on the average of 12 cases except one case showing an abnormal pattern in
serum Rifampicin levels.

Rifampicin excreted in 24 hours’ urine following the primary administration was 117.2
mg on the average of 12 cases, and its recovery corresponded to 26.0% of the dose. The
renal excretion of Rifampicin observed in 2 hours’ interval was maximum in 2 ~ 4 hour
urine. The excretion patterns of Rifampicin were classified into three different types:
namely, so called standard type showing one peak was found in 9 of 13 cases;
fluctuation type showing two peaks was found in 3 cases; abnormal type, which showed a
very low excretion pattern was found in only one case.

A considerable individual difference in the amount of Rifampicin excreted in 24 hours”
urine was noted, especially, in the primary administration, ranging from 172.5 mg to 65.6
mg. In the renal clearance of Rifampicin calculated in 2 ~ 4 hours, too, a significant
individual difference was found, and it was revealed that the renal clearance correlated
considerably with the amount of Rifampicin excreted in 24 hours’ urine. A good
correlation was seen between the serum Rifampicin level, which summed tentatively the
serum concentrations of Rifampicin at 2, 4 and 6 hours, and the amount of Rifampicin
excreted in 24 hours’ urine of each individual case observed after primary administration
and one month continuous administration. However, a qualitative difference was found
among different subjects. These results may suggest that there is a qualitative individual
difference in the Rifampicin metabolism.

During continuous administration of Rifampicin, a significant decrease was found in the
serum Rifampicin levels and the amount of urinary Rifampicin. As the decrease was
observed only within one month, it was presumed that such a change should occur in an
initial stage of the continuous administration. This phenomenon suggests that a change
might occur.in the metabolism of Rifampicin according to the repeated administration.

Upon investigation of the metabolites of Rifampicin in urine, existence of 3-formyl-
Rifamycin SV was confirmed besides well known desacetyl-Rifampicin. This was proved by
a TLC development of benzene-hexane (1 : 1) solvent extracts which contains all of
Rifampicin and its metabolites except desacetyl-Rifampicin. The Rf of the urinary
3-formyl-Rifamycin SV developed with a chloroform-methanol (9 : 1) was 0.42, very
similar to 0.44 of desacetyl-Rifampicin. Accordingly, TLC analysis with the chloroform or
toluene extracts which contains also desacetyl-Rifampicin fail to detect the 3-formyl-
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Rifamycin SV, if it is developed with the chloroform-methanol (9 : 1) solvent. It was
further noted that the amount of 3-formyl-Rifamycin SV in urine competed with that of

desacetyl-Rifampicin.

A little amount of Rifampicin-quinone was detected in urine. There is a question
whether it is a physiological metabolite of Rifampicin or not, because Rifampicin may be
oxidized naturally in the aqueous solution. However, we wish to point out here a
remarkable fact that Rifampicin is promptly oxidized by a salivary oxidation catalyst into
Rifampicin-quinone in the stomach juice after intake of meal.

Furthermore, an unknown yellow pigment with a high water-solubility was discovered.
This pigment also may be considered as a physiological metabolite of Rifampicin, as it is
detected in the urine only after the administration of Rifampicin. '
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Fig. 1. Serum Rifampicin Levels after the Single
Dose of 450 mg Rifampicin Administered 30

Minutes before Breakfast, in 13
Different Subjects
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Fig. 2. Serial Change in the Half-life of Serum
Rifampicin during Continuous Administration
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Fig. 3. Urinary Excretion Pattern of Rifampicin
after the Single Dose of 450 mg Rifampicin,
and Serial Change in its Urinary Excretion
during Daily Continuous Administration
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Fig. 4. Serial Change in the Urinary Excretion
Amounts of Rifampicin during Continuous
Administration, 450 mg
Rifampicin per Day
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Fig. 5.

Different Types in the Renal Excretion Pattern of Rifampicin
after the Single Dose of 450 mg Rifampicin Administered
30 Minutes before Breakfast
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Fig. 6. Serial Accumulation Curve of Total
Rifampicin and Desacetyl-Rifampicin, Excreted
Renally after the Oral Administration of
450 mg Rifampicin
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Fig. 7. Serial Change in the Urinary Excretion
of Desacetyl-Rifampicin during Daily Continuous
Administration of Rifampicin
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Fig. 8. Correlation between the Serum Rifampicin Fig. 9. Individual Difference in the Renal Clearance
Level and the Urinary Excretion of Rifampicin after the Oral Administration
Amount of Rifampicin of 450 mg Rifampicin
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clearance fiH, ' % 7o Z D clearance fli& RFP Rewgfiti & O[]
Sy, Su, S5 ¢ 2, 4, 6 OERRIMEE © RFP J & (meg/ IR EOMEBMA bt (Fig. 10),

ml), 6) RTFP Rk & FeM Pkl RAIBIcR
Uy, U, U : 0~2, 2~4, 4~6 KD AHFHEIR D RFP RFP o SR D D7 W FICIRFEfER~ O P73

g (meg/ml)o

] Table 1. Rifampicin Excreted into Urine and Feces after
V2~4, V4..,5 1 2~4, 4~6 n:rij_‘ il o % E—‘% FE‘jET(EEi

the Oral Administration of 450 mg Rifampicin

(ml),
Z Oéiﬁﬂiﬁiﬁﬁﬁa@%%%ﬂﬁ L7 Material Case Patient-A | Patient-B
Fig. 91eRkd & & CofEiciznis h DA Total Rifampicin/24 hr. urine 59 mg 81 mg
ENZBND, 2~4, 4~6 FFEDT clearance Total Rifampicin/24 hr. feces 29 mg 73 mg
e LE R BB BN, 4~6 FffE & Kl Sum v 88 mg 154 mg
LFFilic 2~4 BERENRIEHE T TV B DT, Ratio to the dose" 19.5% | 34.2%

ER RO TR EEI ) —BT 530



1973 %5 H

Fig. 11.

173

TLC Analysis of Urinary Rifampicin and its Metabolites which Were Extracted

in a Benzene-Bexane (1 :1) Mixture Solvent
Developed with Chloroform-methanol(9 : 1) mixture solvent on TLC aluminium

sheet silica gel (Merck product)
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Time in hours, after the oral administration of Rifampicin

Upper spot : Rifampicin-quinone (violet);

Intermediate spot : Rifampicin (brown);

Lower spot : 3-formyl-Rifamycin SV (pink).
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Fig. 11 tR3ZEL ZDE S FEHE iy, B
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## RFP |3 quinone AICEES hoF 28, sk
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RFP = 3-formyl-Rifamycin SV 2 e UL 2 2 ic A ic <
HE VMBI bV S L by, Zomligicit
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HTEhWBIAMEOOENI L) OB THEIh S,
Z D FEL, isoamylalcohol THiH X 21 3 RFP ¥ X
OXDEMBEAE L L BELbEDRE, T
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FRC o uico ZDOEEDGIEHT 440 mu 1if
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B, Wi ZREE T TH B L ERPimBEH
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v, Zhid ¥ RFP X [REEE, —3F 3-formyl fFic
F7c quinone fELie D, AR LT D K H

Fig. 12. Thin-layer Chromatography of Urinary

Rifampicin and its Metabolites which Were
Extracted in a Benzene-Hexane (1 :1)
Mixture Solvent

Time in hours, after the administration
Rifampicin was almost disappeared and marked increase
of Rifam-picin-quinone was noted in the 6 hour urine.
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Table 2. Rifampicin Metabolites in Human Urine
. Absorption Rf
Metabolites Colour maximam (mu) | (TLC)
Oxidation
l Rifampicin l[ Rifampicin-quinone «eeesreeeeerereereeeee Violet 335,540 0.73
Hydrolysis
> 3- formyl-Rifamycin SV -erereeeereeeeeeee Red 325,485 0.42
Desacetylation . . Reddish
Desacetyl-Rifampicin ceocoeoeeceeeeeees f"vorange‘ 335,475 0.44
Hydrolysis: l Qxidation
Desacetyl Rifampicin quinone -+ Violet 335,540 0.58
3-fornmyl -desacetyl-Rifamycin SV - Red 325,485 0.25
YellOW pigment .................. 305’445 —_
Unknown metabolites——E Pink pigment -cocoeereerereeieeieees — —
Colourless compounds — ++-e+-+- -
Rifampicin ........................... Reddish 335’475 060
orange

EhHBTERERHLIE V.

% ES

RFP % Acfisk 545 &L c OB ElL & &7oF
b, FRAIRLA Cl-labeled RFP 23 24 [RFf#D
RRIOEEL ) ERIhBREINE50% & RZT bh,
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BRooRYHOBMI L L ) PR LORL &R »
5o

P 2 OFEYRIBICIEIL ) OBMAZENRRD OIS,
RFP 450 mg MR O 2 IR iE RFP (E1X, WIEE
L\ T, 13 FIFH 11. 5 meg/ml LigDledd, &
DOEEMEL 17.0 meg/ml, K 2.6 mcg/ml & Z DHH
X IRECHDo Fl Rk I 5 RFP B
FUWEAZELR R, ChARECEAZDOZE L WE
clearance fii& X < MBI LAz &3 Bieffi+%, RFP
BIERKCEFEFEL WD TH DD, iy desacetyl-
RFP 13K &b THEFPT Vo AENTE D WK
(EXh BB RHOBRTISADREEZIATHS
», RFP 4z X 57 %5z} desacetyl ff& LT
FrBERCHES h D o LB LRI E R T B,
AWgecit = @ desacetyl-RFP pERALE AL, FD
R R A RO TR, 24 BRI D ELR % R
hfa RFP Bofy 20% &b S EMETH DI, Ll
FOERRIINREORERWBECH LI OWIHET 25
% 2% 7= (Fig. 13), Desacetyl-RFP 10w TidfisRk
THDTHT D FETH B, FIEIEGRE TR AP E

CELWMEAZDOL LIS Z ERNERI R, M4
o RFP oI & Ry E & o s 13
Per 2iet, BEERO%EY G TORE TR OB
BEIEHT LR TE DN, 2O EIX, AAED
# 1\~ RFP % clearance 7 b BRI L 5L, %
SRB O MBI SV BRIGEC R D D & ERBIR
%ET%O

LlED X 5 icBfEoFEENHB LT 5L, Kbk
WHRCHTENRLE DRI L 57, HH—ED, Kzt
NERORBBTHLOEEZ D LI EEIND,

RFP MBS KNER ST 2E LT, — R I
AEMERNREETHER TN B, L L ZOEIRAH
FBHETHE D ETSL0D X 5T, EOfExR EhKET
SEM LT\ B b DM R TH Bo ABTOILFE
HE R TRD A RFP 450 mg AR MG, #)

Fig. 13. Serial Increase in the Urinary Excretion
of Desacetyl-Rifampicin after the Single Dose of
450 mg Rifampicin, and its Change during
Daily Continuous Administration
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Fig. 14. Correlation between Chemical and
Biological Assay Values of

Serum Rifampicin
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0 time : Primary administration.

2M, 4M, 5M :2, 4, 5months continuous adnministration.

Chemical assay : The present method in text.

Biological assay: Kudo’s method!®, with Hj;Rv and
Kirchner agar culture medium.

E GRC 13 F5F « 11.2/2°, 9.2/4°, 7.2/6° mcg/ml
LW E B, Thik Riess B b hbh &z
E RS TR TR BIENE - 9.6/2°, 7.7/3% 6.5/
4°, 5.6/5°mcg/ml & HANRRLEHOEMTH D, Fig.
14 FR—BEo %, A#Ho chemical assay & bio-
logical assay (Kirchner EXKtH, HgRv BEHWE
SEIRRREE TR D B THED F1:)1® <l RFP [E4 R,
#EE 5 (0time) X 5% A (BM) fkktis L =%
B fE % ISR B R T, 2O TR, ZEIZ LD
MBMRETETLADRD, (A) D FIEEEL 5M
B, %7- (B) ® 2M Bk 4M B0 Hliic i3
L 57, WMEDHBRBICETEGENEE LTS T
EREHI NS, 20X 3 IRV TREE I Wt
HEMEICES D LRI hicay, Riess b & ikt
ECRDERLBEHL ChRELULELD & Bb h
%o

APZETILE 72D RFP i {Es X R &
PREFER S 1 2 ALINE e D E T35 2 L R BRI L
W TOXSRBASENES LRSI EEHII R
TWieWwA, SOEERFE X ARBELEL ZRE
THD 5o MEETEOHOTERNEFHRTH D,
FRIR EDxrsm b & 45 & O RO MBI X b BBy
DEEFELEE RS,
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RFP 450 mg Zn#56, Rebk b EILS h5 RFP
B, 12 flogERSRCcFEY : 117.2mg, HEED
26.0% W4T 5, FFE~D RFP PHIHIFE~D Fhic
IZIEHET 5 DT, FREUNEKRIL50~60% L HEI WD,
BLINEHEELTHIIES 40~50% it BENCE
T35 Liticd, AMLTLELEGTO Riess boks
TRWTRHE I ERICERE v D &0 5 BT
BB, KEERIZHAGSEACIEEA RS EAEE
SHhTZDCHIENES s Loy LEE#s & 2 EER
BHIO W CREBO LB &V 5 &1 s
o Riess L2 D MEEEDOHREL S L FD X 5 e lEiT
FELSBbRT, EAMR T 1 FEBHROmEE
¥ L ORAPHRE B RIE R SR B L L A2 D €L
EWOHEBMTHB. L L Z ORIBILH B /DB R
F3&, Fisdob bioassay, WsliiHis:, 7 radioiso-
top FTHLNAMEDRTH LS & LI fEmThy, &
HEIBEZ L DL ULATRER RFP »#x 250 %, &
B XD EAMREHOTHD TR ERETHA
50 TLTHEZBNB Z L1t RFP o AR EBNTE
SHEFET, BL5L Bkt 5 RERIc X0 THe
RHOCATFICMEE N BIE N WE WS 2 2 Th
B0

ZZTETIRFD RFP {REic o\ CTE 2 b T
Ao TTIRH B2l desacetyl-RFP 1% ARk x
NBN, ZOBPCELHIEVEE I R T\ 3-
formyl-Rifamycin SVIO p3s7e b & F H T3 & & A%
B b2 & i, 3-formyl {4 &L 1% RFP %5 pipera-
zine PKMRTHHEL =% DTH % 5, RFP o pipera-
zine FIMFCBEBER P CRThRT V0T, BEE M
ZIRTIRPTRICEEZ N B DT WA L b 58
2bDH5. RFP RuuifRMcT 5 & B »> iz 3-formyl
BEANOBNEHEI NS, Lo L—BER R OB pH
5~6 BEDORFPTIXZD X 5 7Bk £ WD Shic
B0l ELTERWS ETHL, 20 3-formyl f&
TS FBLLRN DL BRHEIh20T, ¥¥hik
 THIXMERTEEIWRPBEES hi-d 0 & Rict
&?Tjﬁé 50

X bz RFP b4y, RFP-quinone DFELETH B A5,
RFP IGRERIBE S hoT AW E A DR T W
50T, Thaf#EpEiarilcivwinws BHFL 5
%0 L2 Lb i i RIS KRR © RFP %3
R DOTEEIC quinone KIS B H B FA{LELE
HHEDOEETD L 2T TCRALNC LA, =&
W OBROEBNFLEER Y THBERS o Lzt
WA, RIRBARTIC 2D X 5 7 RFP FR{ersien 55 &
LEAT DB e vy COMED F S HER
FTREWRBEELBTHA 0

T OERMNCEBEBECHE S hiy RFP ko
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EEMIEI NS, DK TLS RFP © glucuron-
ides & HicdNBH, EREKNLEER X EDTH
e COBETE AP EHEELEERI DT,
bioassay Th & bz bhis\ e ZOREPDE & 5 7
L fohuE, AMETO RFP OIUEIENE ) &5 DTk
fowh EHREE S,

PLER~R7eZ L < RFP D NERRBHCIL E AR
BN BADD, SB XV —BOSANTESIECh
60

& i

13 #lic. RFP 450 mg # ki 5 Lic a0 AMEPINR
4% RFP P /b ERE THRE L, w200
REEE 52 B Bosic Lco RFP R IR 30 Sicdts L,
o ISR 2 & i i~c 7 REP [l 2 BERIER B & L,
ERAECHIRT %o 177 & OMIEHERE Cramk
BE17ALMHCELIETL, Db—ELT %0

PIIR%G 24 B[R X v EULEh 5 RFP &I, 12610
PR CEE 172.5me, RIE 65.6mg L7 D,
FOBEAZTEICTH Do RAPERE L ¥ fokbEs 5T
LUETL, 15 ALBRAE—ELT %0

RFP R IR shgkh ¢ 2 — itz b ie il o
Wik bh, 13 fiH 9 B R R T Wb B
#T, 3 Gl BB R TR, IO 1M 4
Fo i, RPERE L LI b TRV RERo 3
CHEIN5,

RFP 0% clearance fHIC LELWEAELR R DRI,
C OfEix RFP R shpkt i & FRw BT %0

RFP 450 mg PYiR#: 24 BFRIR X v B Hh 2 desace-
tyl-RFP 11 12 #I5%# 19.24 mg, JRi8 RFP 108.93
mg O 17.7% TH2lo

Mk L EIREh D RFP BadRdr XD DENIHE
T, R0 i B ciEEA~OPRE S ¥ o s
o

JRrho> RFP {43413 desacetyl-RFP 0ZTixie <,
RFP » 3-formyl {&<° quinone {§, & ST ¥ B B
BECHIE Lic { WE KM O AR LB Shi

Wooo®

AREREE SN D, KPR BRIk EIL
FRTTHEURBOELET, T LEDFHIEEDF
R s hi TR e L E T EBIEA

K BB BEF
L LCKkED RFP L Sz o i S — R
BRI EEOMELYELET,
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