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Abstract

Inhalant abuse is a serious problem worldwide, particularly in disadvantaged
populations and among adolescents. However, very few studies are available on
objective measurements of inhalant abuse among adolescents. A pilot study was
conducted on twenty-three adolescent inhalant users with recent use within one month on
self-report, with the aim of biochemical validation of inhalant use by objective method
in a clinical setting. Urine hippuric acid level was measured using gas chromatography
with NPD (Nitrogen Phosphorous Detector) detector as a part of biochemical validation.
More than fifty percent of adolescents were confirmed positive for intentional exposure
of toluene in urine. The study findings are indicative of feasibility of biochemical
testing for assessment of inhalant use and envisage the development of screening test
for inhalant abuse in near future. Such objective validation would be beneficial for
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ABBREVIATIONS

GLC: Gas Liquid Chromatography; NPD: Nitrogen
Phosphorous Detector; TLC: Thin Layer Chromatography; UCL:
Urine Creatinine Level;, UHL: Urine Hippuric Acid Level; 1.Q.:
Interquartile Range

INTRODUCTION

In the last few decades inhalant abuse is on rise and has
become an issue of great concern worldwide. Factors responsible
for this increasing use include easy availability, accessibility and
affordability. However among adolescents in India, inhalant
abuse appears far more complex and multidimensional [1-5].
More challenging is the management of inhalant abuse, which is
known to cause extensive medical, psychiatric, and psychological
damage but there are hardly any pharmacological or non-
pharmacological interventions available to tackle this problem

[6-8]. There is a dearth of research in area of management of
adolescent inhalant abuse. Additionally, objective assessment is
limited by non-availability of any screening test to detect inhalant
use.

Toluene, an important industrial organic solvent, is the
most commonly abused inhalant across the world and in India
[2,3,9-11]. Its exposure remains significant in an occupations
involving manufacture of paints, glues and adhesives. Laboratory
analysis of inhalant abuse requires the analysis of biological
fluids, commonly using gas chromatography [12]. Hippuric acid,
a primary urinary metabolite of toluene has been biochemically
detected in urine for its occupational exposure in past [12-15].
However, there is paucity of literature for biochemical validation
of toluene abuse among inhalant users in a clinical setting. We
conducted a pilot study among adolescent inhalant users, which
aimed at biochemical assessment of inhalant use by an objective
method in a clinical setting.
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MATERIALS AND METHODS

The study was conducted over a six-month period (July 2010
to December 2010) at the National Drug Dependence Treatment
Center, All India Institute of Medical Sciences (AIIMS), New Dehi,
India. Ours is a tertiary care hospital in New Delhi, India, actively
engaged in teaching, training and research activities and is an apex
centre for management of substance related disorders. For the
purpose of this study, consecutive adolescent male inhalant users
in the age group 13 to 18 years, who reported current inhalant
use in past one month, were recruited. The institutional ethics
committee of AIIMS cleared the study protocol. Written informed
assent/consentwas taken fromthe participantsand their parents/
guardian. A total of twenty-three adolescent inhalant users were
first examined by the clinician and thereafter 5 ml of urine was
collected under close supervision and sent to Centre’s laboratory
for urinary hippuric acid (toluene) testing. Urinary hippuric
acid level was measured using known technique of gas liquid
chromatography equipped with Nitrogen phosphorus detector
(NPD) as a part of biochemical assessment [16]. In the current
study, a simplified, efficient method for separation of hippuric
acid developed in our laboratory by gas liquid chromatography
was used [17]. The gas Chromatograph (Model 7890A Agilent
India Pvt. Ltd, USA) was equipped with Auto Sampler (7683B
series), split/split less inlet, nitrogen phosphorus detector (NPD)
and fused -silica capillary column coated with HP-5 cross-linked
5% diphenyl and 95% dimethylpolysiloxane (30m x 0.320 i.d,,
0.25pum film thickness) [17]. Urinary creatinine was measured by

Table 1: Results for Biomarker of toluene in urine.

Echoplus fully automated biochemistry autoanalyser (Logotech
India, India). The ratio of urine hippuric acid level (UHL) to urine
creatinine level (UCL) was calculated to detect toluene exposure
[10,12].

RESULTS AND DISCUSSION

Mean age of the participants was 16 (S.D.=1.859, 1.Q. 14-18).
All of the participants were male and from urban background.
Most common inhalant product abused was typewriters fluid
Eraz-Ex diluter and whitener, manufactured by Kores in 21/23
(91%) adolescents. Among study participants, mean age of
initiation for inhalant use was 13.5 years. And total duration
of inhalant use was 28.3 (SD=21.9) months. The last dose of
inhalant use was between 1-3 days from the day of urine testing
in 15/23 (65%) adolescents, 4-7 days in 3/23 (13%) adolescents,
8-15 days in 3/23 (13%) adolescents and > 15 days before in
2/23 (9%) adolescents respectively. Seven out of 23 adolescents
(30.4%), urine toluene level was within normal range (UHL/UCL
ratio < 1.5) whereas 13/23 (56.5%) detected positive for urine
toluene level - intentional exposure (UHL/UCL ratio > 3) and
3/23 (13 %) detected positive for urine toluene level - exposure
(UHL/UCL ratio >1.5 < 3) (Table 1) [15]. There was significant
difference between last dose and urine hippuric/creatinine ratio
Mann-Whitney U (U=0.000, p = 0.001). These finding suggests
that if toluene level (UHL/UCL) is used as a screening test then
most likely it will be applicable for the screening of recent use
of inhalants however, more research is required to confirm this

Investigations Normal (R) * Inhalant users Abnormal finding (n=23)
Urine hippuric acid level (UHL) 0.34 -1.40 0.017-6.08 12 (52.2%)
mg/ml
Urine creatinine level (UCL) mg/dl 39-259 3.41-151.6 7 (30.4%)
UHL/UCL ratio <15 0.15-13.12 16 (69.6%)
As standardized by NDDTC laboratory [17].
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Figure 1 GLC chromatogram of Hippuric acid in control urine.
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Figure 2 GLC chromatogram of Hippuric acid in adolescents urine sample.

Abbreviations: GLC: Gas Liquid Chromatography

finding. Figure 1 and 2 shows the gas liquid chromatography
(GLC) chromatogram of hippuric acid in control urine and in
adolescents urine sample respectively. In the present study,
50% of individuals were detected positive for toluene in urine,
suggestive of intentional exposure in individuals using inhalants
within last one to three days before testing. The difference
in percentage of detection of toluene could be due to different
group of population i.e. homeless adolescents street children in
previous study and treatment seeking adolescents in the present
study [16].

This is one of the few studies to use biochemical method for
assessing recent inhalant use in a clinical setting. Results are
indicative of relationship between last dose of exposure and
urine toluene level. All adolescents with the use of inhalants
in last 1-3 days were detected positive for the exposure of the
inhalants. As the self- report is questionable among substance
users [18], it is possible that actual time of exposure to toluene
in all such adolescents was within 24 hours of urine testing. It
would be interesting to see the similar relationship between
dose of inhalant use and urine toluene level. Considering the fact
that toluene is primarily excreted in the urine as the metabolite,
hippuric acid and excretion of hippuric acid is usually complete
within 24 hours after exposure which is related to the level of
exposure, urine hippuric acid level would be good screening test
to detect recent and heavy inhalant use in clinical samples [19-
22]. However, the study findings need to be validated in larger
sample, before advocating routine use of such screening test in
management of inhalant abuse problem. In the current study
gas liquid chromatography equipped with Nitrogen phosphorus
detector (NPD) was used which is quite specific and sensitive for
toluene assay and can be used both for qualitative (screening and
confirmation) as well as quantitative purposes. Urine hippuric
acid level adjusted with creatine level is the best expression of
crude values for the exposure of toluene [23].

This study had certain limitations. The small sample size may
limit the generalizability of its findings. In addition, the study
group was selected by self- report and no control group was
used. Also, no dietary history details were recorded. Benzoate in
foods and drinks is one of the major confounder in hippuric acid
evaluation. The level of markers urine in non- exposed subjects
may vary depending on local dietary customs and it may have
affected the results of the present study [24,25]. Also, possible
differences in metabolism of toluene were not accounted for
which may influence the findings to some extent. It would be
worthwhile to conduct similar study taking into consideration
dietary details in larger sample size.

CONCLUSION

Overall the results indicate feasibility of biochemical testing
for assessment of inhalant use. A future study with a larger
sample size could confirm role of urine hippuric acid level as a
screening test for adolescent inhalant use in a clinical setting.
Non-invasive and easy collection of sample will make it more
suitable for routine clinical use. These observations warrant
further studies on other metabolites of toluene like benzoyl
glucuronide, p-cresol and o-cresol for their potential role as a
screening test for inhalant abuse.
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