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ABSTRACT

A simple, rapid, sensitive and accurate spectraphetric method for the determination of
isoniazid in urine has been developed. The metodased on the formation of an orange
yellow colour complex between isoniazid and ammuoniuetavanadate in an acid medium (pH
= 1.80 - 2.20). The resulting complex is stablelfarhours and has an absorption maximum at
420 nm. Beer's law is obeyed in the concentratimge of 1.37 - 13.70 pg/ml {R 0.998) with
limit of detection (LOD) being 0.28pg/ml. The molabsorptivities were1.5.£0.mol™.cm™.
This method was applied to the determination ofiszid acetylation rates (phenotypes) in
healthy volunteers, patients with hepatitis B aiadbeltes type 2.

Keywords:N-acetyltransferase 2 (NAT2), acetylation phenofypeniazid, spectrophotometry,
urine.

1. INTRODUCTION

The acetylation is an important process of congigat phase Il metabolism of drugs
containing amine functional groups, especially aatbtmamines as procainamide, hydralazine,
dapson, sunfanilamide, sulfasalazine, mesalazismnidzid and other drugs. The bimodal
distribution is characteristic of this process, axgressesthefast and slow metabolic rates. The
difference of the metabolism rate in the acetytat®obecause of the difference in activity of the
enzyme N-acetyltransferase (NAT) and is presenhénliver and genetic characteristics of the
human race throughout the world [1, 2].

Isoniazid (INH) is one of the main drugs which affective in theprevention and treatment
of tuberculosis (TB). So far, isoniazid and rifagipj ethambutol, pyrazinamide, streptomycin
and thiacetazone remain the essential drugs tottrsadisease. After entering the body orally,
isoniazid is absorbed rapidly and completely friwa gastrointestinal tract. In humans, under the
action of the enzyme N-acetyltransferase 2 (NAT®)e main products of isoniazid is
metabolizationare acetyl isoniazid and diacetylhydre (Figure 1) [3, 4].
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Figure 1.Diagram of isoniazid metabolization in the humab{b].
To determine the N-acetylation phenotype in humaitls isoniazid,several authors have

evaluated the half-life of isoniazid {J), concentration of isoniazid, the ratio of acesgniazid
content and isoniazid, "AINH / "INH" in differentiddogical solutions(plasma, saliva) (Table 1).

Table 1.Results of determining the acetylation of isoniazid

The dose (oral)| Sampling time B|olog|cal Fast acetylation Slow acetylation Refer
solution ences
450 mg / human| 6 hours after Urine % free INH< 7 % free INH > 7 (1]
body ingestion
S mggggdguma” Giﬂg‘égig‘ger Plasma Tye<110min | Typ> 120 min
10 mg/kg human 12 hours after . .
body ingestion Plasma T1/,<110 min Ty2> 110 min o
10 mg/kg human 6 hours after
%ogy ingestion Plasma Cing <2,5pg/ml Cinn>2,5pg/mi
20 mg/kg human 3_hours_after Urine AINH_ 1,18 w<0 36
body ingestion INH —
5 mg/kg human| 3 hours after Plasma AINH_ ) 2 AINH_q) 2 [6]
body ingestion INH INH
200 mg/ human| 6 hours after Saliva and . .
body ingestion Plasma T12<130 min Taz> 130 min [7]
200 mg/ human| 3 hours after Saliva and AINH_) ¢ AINH_) ¢
body ingestion Plasma INH INH
10 mg/kg human 3 hours after Plasma AINH ) 49 Alﬂ <0.48 [8]
body ingestion INH

However, the determination of N-acetylation phepetyccording to the above methods
encounter some disadvantages. For instance, tleegs to handle the samples is complicated or
it needs accurate kinematic studies of the metsiolf isoniazid. On the other hand, the
analysis method requires to have high sensitivdingi expensive equipment such as high-
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performance liquid chromatography with differentest¢ors (HPLC-UV, PDA, MS, MS / MS).
The determination of acetylation based on the peage of excreted isoniazid in urine [1] by
spectrophotometric method has some advantagessilikple sample preparation techniques,
analysis method of high sensitivity and accuracy.

Determinations of isoniazid medicines and biolobgisalutions by spectrophotometric
methodsare based on the use of organic reagewlisnethylaminobenzaldehyde, 7-chloro-4,6
dinitrobenzofuroxan, 2,4,6-Trinitrobenzenesulforacid, mixtures of Fe (Illl) and 1,10 -
phenanthroline, a mixture of Cu (ll),thiocyanate iand reagent 4-(2-pyridylazo) resorcinol
(PAR), a mixture of Cu (ll) and neocuproin ... Howwe the disadvantages of using these
reagentsare that the reaction is often conductedigh many phases and lasts a long time[9].

In this paper, we determined the percentage ofiagah excreted in urine based on
complex formation with ammonia metavanadate reagemmt an acidic medium by
spectrophotometric method. We have applied thishatetto determine the acetylation
phenotype in healthy volunteers as well as patieittstype 2 diabetes and hepatitis B.

2. EXPERIMENTAL
2.1. Chemicals and equipment

The chemicals used in the study were very pureefigctive analysis. Isoniazid 99% and
99% metavanadate ammonium reagents were purchased the company Sigma-Aldrich
(USA), sulfuric acid, isoniazid products by the phaceutical company Semashko (Russia).

Original isoniazid solution (1.37 mg/ml) was pregrby weighing an exact amount of
isoniazid and then dissolving it in a carefully me@d amount of ethanol. A less concentrated
solution was prepared from a stock solution by tofity it with ethanol. 0.2 % ammonium
metavanadate reagentin 2 % H2SO04 solution was mixesh equal exactly weight of
metavanadatethen dissolving it in 2M34, solution.

All spectrophotometric measurements were perforroaed the UV-Visible recording
spectrophotometer SPECORD® 50 (Germany) using hjeantz cuvettes. Hanna HI 2211 pH
meter (Romania) was calibrated daily by standatdtisms with pH = 4.00 and pH = 7.00
before measuring.

2.2. Construction of calibration curve

Take 0.3 ml of urine which does not contain isoitiaz the 10 ml volumetricflask, adding
standardized isoniazid solution to get concentnation urine solution of 0; 1.37; 2.74; 5.48;
8.22; 10.96; 13.70 pug /ml. Then add to each voldoftsk 2 ml of 0.2 % ammonium
metavanadate in a solution of 2 %34, and norms to the mark with twice distilled water.
Comparative solutions were also prepared similarlyhe above with no additional conditions
for isoniazid standard solutions. The absorband¢heétudied solution was then measuredat 420
nm. Calibration was set for each studied subject.

2.3. Preparation of solutions
Each volunteer drank 450 mg isoniazid with 200mipafe water. Urine samples were

collected at times of 0, 2, 4 and 6 hours afteinthksoniazid.Research solutions as well as
reference solution were prepared in 10 milvolumeflasks. Take 0.3 ml of urine from
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volunteers in 10 ml flask, add 2 ml into a bottf@®% ammonium metavanadate reagent in 2%
H,SO, solution and fill to themark with twice distilledater. Comparative solutions were also

prepared in a similar way as the study fluid, agdiime which does not contain isoniazid. Then,

the measurement of the optical density at 420 nmeséarch solutions were compared to
therespective solutions.

2.4. Statistical analysis

The limit of detection (LOD) and quantification () of the method are given hySbBand

10.%D respectively, relative standard deviation (RSD)@%%. 100.; where SD is the standard

deviation, b is the slope of the calibration cueguation,X" is the average value of the
measurement.Calculation and processing of data e@re using the programs Statistica 6 (US)
and MS Office 2007 (Excel).

2.5. Volunteers

One hundred and ten healthy volunteers (50 malé@ridmale) were chosen for the study.
They are all Russian citizens with an average &@3 gears (range 20 - 35 years), the average
height of 165 cm (range 153 - 185 cm), and an aeeveeight of 63 kg (range 55 - 92 kg). None
of the volunteers has chronic diseases (liver, égdndigestive ...), they do not smoke, do not
use the drugs, drink neither alcohol nor caffeioetaining beverages both before and during the
study.

Twenty-four patients with hepatitis B status (14lerend 10 female), average age 37 years
(range from 21 - 51 years old), the average heft73 cm (range 151 - 193 cm), average
weight of 75 kg (range 53 — 109 kg).

Sixty-one patients with type 2 diabetes (17 mald 4hfemale) with disease duration from
1 - 24 years, average age 63 years (range from7&7#ears old), the average height of 168 cm
(range 150 - 182 cm), the average weight of 6 t&gge 58 — 82 kq).

3. RESULTS AND DISCUSSION

3.1. Electronic absorption spectra of the complex diween isoniazid and the ammonium
metavanadate reagent

Electronic absorption spectra of ammonium metavateacagents, urine (does not contain
isoniazid) with ammonium metavanadate reagents rasdarch solution (complex between
izoniazid and ammonium metavanadate reagent) at @O0 is shown in Figure 2. The results
show that compared with the electronic absorptecsum of ammonia metavanadate reagent
and the urine (containing noisoniazid) with ammaomimetavanadate reagents, the peak of
electronic absorption spectrum of research solusioifts to a longer wavelength region and
reaches the maximum valueXat,= 420 nm. At this wavelength, the influence of g and
urinary constituents on electronic absorption gpectof research solutions is negligible. In the
next experiment, we measured absorption of theiealstudy at the optimal wave length of 420
nm.
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Figure 2.The absorption spectra: 1-Reagent ammonium meteataél.7.16M, pH = 2.00),
2-Urine (containing no isoniazid) with ammonium metnadate reagent (4:3@, pH = 2.00),
3-Research solution (pH = 2.00).

3.2. Optimal conditions for the complex formation letween isoniazid and ammonium
metavanadatereagent

The absorption spectra of research solutions trdiit pH values (Figure 3) show that the
electronic absorption spectrum of the complex betwisoniazid and ammonium metavanadate
reagent is formed at low pH values (1.80 to 2.2@) he maximum absorbance at 420 nm. As
pH increased, the optical density of the solutieduced and when the pH = 6.86 research
solution gave the absorption intensity shiftedtorter wavelengths. In the next study, we used
2 % HSQO, solution to maintain optimal pH value. Using thethod of continuous variations
and mol ratio,we defined complex components intia & 1:1, stable complex after 10 minutes
preparation and stable complex for 12 hours aiteparation.
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Figure 3.The absorption spectra of complexes between isish{a0*M) and ammonium metavanadate
reagent (4.18M) at different pH values: 1- pH 2.20; 2- pH = 4,80 pH = 6.86; 4- pH = 7.50.

3.3. Validation of analytical methods
Concentrations obeying Beer's lawg(ml) range froml1.37 to 13.7, the calibration

equationis A = 0.0533Cxug/ml) + 0.0007. The correlation coefficienf R 0.998, and the
relative standard deviation (RSD (%)) = 2.16 %. Thelar absorption coefficient of the
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complexe = 1.5.10.mol™.cm™. The limit of detection (LOD) = 0.28u¢/ml)and the limit of
quantitation (LOQ) = 0.94u@/ml).

Table 2.Accuracy of quantitative evaluation of isoniazidlwe urine samples by spectrophotometric
method (n = 4, p = 0.95).

INH taken INHfound RSD(%)
(Mg/ml) (Mg/ml)
1.37 1.36+0.02 15
2.74 2.75% 0.25 15
5.48 5.41+0.27 2.4
8,22 8.02+ 0.25 3.6
10.96 10.83+ 0.26 1.8

Thus, using spectrophotometric method for detertitinaof isoniazid in the human urine
meets the standardization of analytical methodsubistances in biological fluids. So, we can
use the method developed above to determine atetyfshenotype in human volunteers.

3.4. Applying analytical methods to determine the eetylation phenotype in human
volunteers

To classify the volunteers having fast or slow ge¢ed speed<(7 (> 7) one uses the
isoniazid percent excreted in urine after 6 holifsRResults ofthe distribution percentage of fast
and slow acetylation phenotype in healthy volurgesnd patients with type 2 diabetes and
hepatitis B are shown in Table 3 and Figure 4.

Table 3.Results of classifying NAT-2 enzyme activity bpisazid in healthy volunteers,
patients with hepatitis B and diabetes type 2 (Me&D).

NAT activity (Percent excreted of isoniazid,%)

Acetylation ) i Patients with type 2
phenotype Healthy volunteers Patients with diabetes
(n=110) hepatitis B (n=24) (n = 61)
n=

Fast 3.12+0.25 4.48+0.56 4.80+0.80
Probabilit
distributiogs p<0.001 p<0.001 p<0.001

Slow 9.40+ 1.37 11.35+1.95 13.50+1.50
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Figure 4.Distribution of acetylation phenotypes: 1 -healttmjunteers (n = 110)
2- type 2 diabetes patients (n = 61), 3- hepditmtients (n = 24).

The results in Table 3 and Figure 4 indicate tHtdre6 hours, the percentage of free
isoniazid excreted in the healthy volunteers of fate metabolism and slow acetylation are 3.12
+ 0.25 % and 9,40 + 1.37 % (p < 0.001), respectivieast and slow acetylation accounted for
45 % (n = 50) and and 55 % (n = 60), respectivBhese results are similar to those reported in
[1].16 hepatitis B patients showed fast acetylatiate (67 %) and 8 patients showed slow
acetylation rate (33 %). Thus, the rapid acetytaiio patients with hepatitis B prevailed and
increased 22 % compared to healthy volunteers pBtients with type 2 diabetes we observed
38 patients with fast acetylation rate (62 %) aBdpatients with a slow rate (38 %). Thus,
similar to patients with hepatitis B, fast acetigatphenotype in patients with type 2 diabetes is
also dominant (63 %) and an increase of 18 % coedptr healthy volunteers. This can be
explained by the reduction in the metabolism ofyfaicids synthesis from acetyl coenzyme A
(consequences of insulin deficiency).

We ascertained that acetylation speed dependsseass#i duration for diabetic patients by
classifying patients with disease duration of oaed under 10 years (Figure 5). For patients
with type 2 diabetes with disease duration less th@ years, we observed no differences
between fast and slow acetylation phenotype (534ahcespectively %) (p > 0.05). However,
patients with disease duration of 10 years or nemd to increase faster metabolism of patients
(72 %), this can be explained by the metabolic @aydrates in the body, thereby causing N-
acetyltransferase enzyme induction 2 and incretseanetabolic rate faster acetyl in these

patients.
100 {'%
E,D -
6,0 -
W Slow
407 W Fast
20
0 - : : ;
1 2 3

Group

Figure 5.Distribution of acetylation phenotype as depenaentdiabetes duration:
1 - healthy volunteers (n = 110), 2- under 10 yearon 10 years.
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4. CONCLUSIONS

Our study shows that the ability to use ammoniuntaranadate as reagents to determine
the amount of isoniazid excreted in urine has mashyantages such as not requiring expensive
equipment, and boasting analytical methods whiehrapid, selective and relatively sensitive.
Therefore, this method may be applied to determphrenotypic acetylation and pharmacokinetic
study of isoniazid excreted in human volunteers.
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TOM TAT

XAC DINH HAM LUGNG ISONIAZID TRONG NJGC TIEU NGUGI BANG PHUONG
PHAP TRAC QUANG

Nguyén Trung Oing
Khoa Hoéa Ly K thugt, Hoc vién Ky thugt Quan s, 236 Hoang Qac Viét, Cau Giay, Ha Ni
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Phrong phapdon gian, nhanh, niy va chinh xada duoc xay drg dé xacdinh isoniazid
trong nrée tiéu bing phrong phap tic quang. @ sy cia phrong phap da trén & hinh thanh
phirc mau vang cam @& isoniazid vi thudc thr amoni metavanadat trong mairdng axit (pH
= 1,80 - 2,20). Pirc hap thy cuc dai tai 420 nm va Bn trong khdng 12 gb sau khi chén bi.
Khoang r{)ng d¢ tuén theatinh lut Bia la 1,37 - 13 7(ug/ml) @i han phét h¢n (LOD) la 0,28
ug/ml, k¢ 5 hap thy mol cia phic € = 1,5.10 I.mol *.cm™. Phrong phapda duoc ap ding dé
xacdinh kiéu hinh acetyl hé@& nguoi tinh ngugn khoe manh, tEnh nhan viém gan B vaéti
duong laai 2.

Tir khoa: N-acetyltransferase 2 (NAT2),&i hinh acetyl héa, isoniaziditrquang, néc tiéu.
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