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Preface

A number of determinations of free INH in serum and urine have been already reported
by many resarchers, but it has been difficult to determine accurately in chemical assay the
free INH under one microgram per ml.

The authors originated a new chemical determination of free INH which photometrically
measured the sensitive blue color occurring in a reaction between INH and Folin’s phospho-
tungstate reagent. By this method, we have carried out a few studies on the metabolic fate of
INH in the human body.

Determination of free INH

The procedure for analysis of free INH in serum is as follows : One ml of serum is mixed
with 1.2 gm of ammonium sulfate in a 15ml of glass-stoppered tube, to which 0.025ml of 1
N-sodium hydroxide and 10 ml of a 3 : 7 isoamyl alcohol-ethylene dichloride mixture are added.
After shaking for 15 minutes, and centrifuged at 1,500r.p.m. for 10 minutes, 8 ml of the
organic solvent phase are transferred to another glass-stoppered tube containing 2ml of 0.1
N-hydrochloric acid. These contents are shaken for 10 minutes and centrifuged for 5 minutes
at 1,500r.p.m. A 1.5ml of the acid extract is transferred to a test tube. It is treated with
0.5ml of 5%-sodium cyanate, 0.5ml of saturated urea solution and 0.4ml of the Folin’s
phosphotungstate reagent, with vigorous shaking after each addition. The reaction mixture is
then allowed to stand at room temperature for one hour for complete color development. The
colored solution is transferred to 1cm quarz cuvette and read at 660 millimicrons in a Hitachi
FPW-4-type spectrophotometer. The unknown value is then calculated from previously prepared
free INH concentration curve.

By this method, the free INH concentration under one microgram per ml of serum was
determined with a standard deviation of 0.1 microgram.

The procedure for analysis of free INH in urine is as follows : 0.1ml of urine is diluted
with 1.9 ml water in a 30 ml glass-stoppered tube, 0.1ml of 30%-hydrogen peroxide is added,
and the mixture solution is shaken vigorously. The tube and contents are boiled for 10 min-
utes in a water bath to oxidize perfectly other components than free INH which reduce the
Folin’s reagent, and cooled with stream water. One ml of this oxidized solution is mixed with
1.0g of ammonium sulfate in a glass-stoppered tube, following procedures being carried out
in the same way as the determination of free INH in serum.

By this method, the free INH concentration under 10 microgram per ml of urine was
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determined with a standard deviation of 0.33 microgram.

Investigation on the metabolism of INH
The findings on the metabolism of INH after the oral administration of INH of 4 mg per

kg of body weight were as follows :

1) There was a correlation between the serum concentration of free INH and the urinary

excretion amount of free INH.

2) Serial change of the serum concentration of free INH after the ingestion of INH was

nearly identified in the duplicative examinations.

3) The urinary amounts of free INH until six hours after the ingestion of INH was nearly

identified in the repeated examinations.
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EHEEL LTZORERYERT 2, ZORBGIIN4
R Z & T, Mk Free INH i B8  FiEic Beer
DEANC X P 5 HEMB BN B,

2. REEBREORKE

1) &k Free INH OF R : mEHicEEhS
Free INH J#EEH 1, 0.4, 0.2u4g/ml D B4 ©oNT
BE3T5L, FORERIER1ID(a)iimTorl, i
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B L 2T B,

2) R+ Free INH OF£(# : R Free INH 2
EXmEHORE X i3 REDT, 20, 10, 5ug/
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Table 1. (a) Recovery of Free INH in Serum

Experiment

number 1.0 ug/ml 0.4 ug/ml 0.2 pug/ml
1 0.011 0.004 0.001
2 0. 009 0.003 0. 003
3 0. 009 0. 006 0.004
4 0.011 0. 005 0.001
5 0.010 0. 004 0.002
6 0.010 0. 004 0. 002
7 0. 009 0. 005 0.001
8 0.010

Mean 0.010 0. 0044 0. 002

Recovery, 1.0+0.1 |0.44+0.09| 0.2+0.1
St. D. ug/ml ug/ml ug/ml

Table 1. (b) Recovery of Free INH in Urine

Experiment | 0 ,g/m1 10 ug/ml 5 ug/ml
1 0.156 0.072 0. 036
2 0.163 0.077 0.035
3 0.150 0.079 0.041
4 0.155 0.076 0.041
5 0.154 0.074 0.040
6 0.161 0.078 0.041
7 0.072
8 0.073
9 0.077
10 0.079
Mean 0.157 0.076 ‘ 0.039
Recovery, |19.9+0.56 ] 9.6510.33 | 4.9520.33
St. D. #ug/ml ug/ml ug/ml
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photungstate E¥p ¥4 INH x> TR Shal
EwADIM, ZD INH r 0RERIEOEEYARS
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Fig. 5. Serial Changes of Optical Density at

660 mu of the Reaction Color of Free INH
with Folin’s Phosphotungstate Reagent
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Table 2. Removal of Intervention of Uric Acid in Determination of Free
INH by Phosphotungstate Method
Material : Uric acid aqueous solution 5mg/dl
Material 30% H,0, H.0 IN. NaOH (NH,),SO0; om;cta(]seng“y
2 ml (=) 0.1ml (=) 1.0g i 0.262
2 (=) 0.1 Boiled 0.025 ml 1.2 | 0. 025
— e
2 (—) 0.1 for 10 0. 050 1.2 | 0.010
2 0.1ml (=) minutes (=) 1.0 } 0
2 0.1 (=) 0.025 1.2 0
2 0.1 (=) 0. 050 1.2 \ 0
FaEoZ LT, BEIIRS, mbE I tH5REINZDT, YK
Free INH 1002, DEBBCEEY 52 5. &I PAS (LBRILKFEY
Pyruvic acid isonicotinoyl hydrazone 349 Mz ThET AL LA L B Lxiswwo T, PAS.

Ketoglutaric acid isonicotinoyl hydrazone 21%

d-Glucose isonicotinoyl hydrazone 5%
Isonicotinoyl acetate 0%
Isonicotinoyl glycine 0%
Isonicotinamide 0%
Isonicotinic acid 0%

INH-hydrazones D&\ Fhd RELMLHDER I
i LA L Zh & INH-hydrazones i Phosphotung-
state AL EHEIFAT 5 L HBLEERIEELFLRE
£THDOT, LROEZERRILOREL ORIEHERTR
%3550 Tk, Free INH ORHBIFCLO>TH
Hydrazone 2\ i iCHEEI B % R LIch D& A7k
Ih s,
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7z, %7 PAS, Sulfa FliX, Thhr ARSI

INH #t O #ECOWTiL Free INH OFE BT AT
RN -F (N

6. EYFREEE L AKEL OHE
HHEFEHECHE kg 149 4mg O INH 2E R
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P DEWFERTERET L AK L TRBCEEL, @
EED KB v AR T EIDLERIC FTILL ALA
A 2 BT o, ABERME T 2 BORRKIVZL
iz A X ERBEDT, INHOAGRKRBICIIERED
BT EERRELICH, EWFNERBILOL S
FHELIEEAERDONT, FRAREBELOTR—FIT 1
pg/ml Ll EDBEECIS\WTETERTH %,

¥ 7- INH kEg e mEc INH 28 Ui Do
THEERYAAD L, FL4LERIODTHRIRT Z
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B RET, FOBLHI—ETHEL LA, MmiE
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Table 3. Comparison of Chemical Assay and
Biological Assay of Free INH in Serum

Serial changes of free INH in serum after oral ad-
ministration of INH of 4 mg per kg of body weight

w Chemical | Biological
assay assay
Hours (ug per ml){(ug per ml)

1 3.2 >3.2
\2 2.0 >3.2
3 The 1st 0.9 2.41
4 test 0.8 1.04
Hours after 5 0.7 0.65
oral 6 0.5 0.42
adminis-
tration 1 3.0 1.57
of INH |, 2.1 1.46
3 The 2nd 1.5 0.82
4 test 1.0 0.95
5 0.75 0. 47
6 0.45 0.34
INH concentration | Chemical assay | Biological assay
of serum (ng per ml) (g per ml)
3.0 ugd/ml 3.0 2.58
2.0 2.1 1.68
1.0 1.0 0.58
0.5 0.5 0.35
0.2 0.3 0.18

Chemical assay : Phosphotungstate method
Biological assay : Ogawa’s vertical diffusion method

INH o Regfit Bic % 5 EAZE & O © BT DOL
TIIWERBREENET IR TR bbbz Z D
MERBRT AL, ¥+ INH NRE—EREE

Fig. 6. Repeated Examination of Urinary
Excretion of Free INH after Oral
Administration of INH of 4 mg
per kg of Body Weight

— — o
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19,1
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Cumlative amount of free INH excreted in urine (mg)

1 1 1 1 A
’%efore, 1 2 3 4 5 6
Hours after oral administration of INH

Em saAE BTF

Table 4. Comparison of Simultaneous Deter-
minations by Chemical Assay and Biological
Assay of INH in Aqueous Solution

INH concent. Chemical assay | Biological assay
in Aq. Soln. (ug per ml) (ug per ml)
3 ug/ml 2.75 3.20
3 3.06 2.58
3 3.00 2.58
3 2.81 3.20
3 3.30 2.41
Mean, St. D. 2.98, +0.20 2.79, +0.34
1 ug/ml 0.87 1.09
1 0.63 1.09
1 1.17 1.09'

1 0.87 1.31

1 0.98 0.94
Mean, St. D. 0.90, +0.18 1.11, +0.12

0.5 ug/ml 0.63 0.62

0.5 0. 50 0.49

0.5 0.32 0. 49

0.5 0.63 0.44

0.5 0.56 0. 44
Mean, St. D. 0.53, +0.12 0.50, +0.07

Chemical assay : Phosphotungstate method
Biological assay : Ogawa’s vertical diffusion method

TIRHICHEEE B Free INH B0 bR LRRYER
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Kies L iE—HK LU IcBtit B2 R+ X 5eich, B
WROBFBRMEMED bhvic,

8. (M Free INH {f 3[R Free INH & > 04§
3

& kg 24h 4mg o INH 2@ b L0k, 68
iRk M U T8 7cmys Free INH{HL, g0z <
BREDRED bhic D 6 B % TOR Free INH &
& DB R RE L Thilco R 7 1k £%¥AME Free
INH {g & Short & P-Naphthoquinone #:iz t % R+
Free INH B0 #8B3, K 8(XiiE Free INH o 4 4
2epo M Free INH {2 A3 L 5 JReh Free INH &
LDOHEBAR R FDBDORLIS DT, HEZEORN T,
ZOMHBEEEIZIEFRD 5 L\ BEIR L & ¥ B4,
HEDORFH HIX, MEOHBMEIA LV EVWLOTH
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Fig. 7.

Administration of INH of 4 mg per

Relationship between the Free INH Concentration
in Serum at 6 Hours and the Free INH Amount
in Urine Excreted until 6 Hours after Oral
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Fig. 9. Relationship between Free INH
Amount Excreted in Urine
and Dose of INH
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Fig. 8.

Administration of INH of 4 mg per
kg of Body Weight

Relationship between the Free INH Concentration
in Serum at 6 Hours and the Free INH Amount in
Urine Excreted until 6 Hours after Oral
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Fig. 10. Urinary Elimination of Free INH by an

Adult Male Receiving INH
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