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Heroin use and addiction pose serious risks and side effects due to overdose. Quantification of heroin in
biological samples is challenging due to rapid deacetylation of heroin to its active metabolites. In this
study, we report the quantification of metabolic degradation of heroin by-products in biological urine
samples. The presence of the drug was monitored after oral administration of heroin at different time
intervals. Various biophysical techniques, such as high performance liquid chromatography (HPLC) and
mass spectrometry (MS) were used to evaluate the presence of the drug. A competitive fluorescence
based immunoassay was developed with a limit of detection (LOD) up to 0.01 ng mL~! and the ICgq
value was 0.1 ng mL™% while the dipstick assay shows a LOD up to 5 ng mL™% Rapid detection of
narcotic drugs was carried out for biological urine samples collected at various time points. Validation of
the developed dipstick was carried out for the standard as well as the spiked urine samples by

fluorescence based immunoassay (FIA), using anti-morphine antibodies. A strong correlation (R = 0.94)
Received 7th March 2018 . — . ) .
Accepted 10th June 2018 was obtained between the developed dipstick and FIA assay for biological urine samples collected at
various time points. The developed immunochromatographic dipstick is highly sensitive, field applicable

DOI: 10.1039/c8ra02018c and cost effective, and can serve as a first choice for the monitoring of narcotic drugs in blood, urine
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Introduction

Heroin is a synthetic derivative obtained from morphine and
extracted naturally from the seeds of poppy plants." Heroin
experiences fast metabolism, and after ingestion, rapidly
degrades into its constituent metabolites such as monoacetyl
morphine (MAM), morphine and morphine glucouronide.>?
Heroin has a short half-life of about 2-8 min and gets rapidly
metabolized to MAM, which has a short half life of approxi-
mately 38 min and thus both are metabolically degraded in the
blood.*** MAM is rapidly deacetylated to morphine with an
average half-life of 20 min and thus can be detected in blood up
to 1-2 h and in urine approximately up to 2-8 h.* Unhindered
heroin and morphine use has caused a substantial number of
illness because of their easy accessibility as recreational drugs.®
These drug molecules are powerful groups of narcotic analge-
sics and possess a notable tendency for abuse in youngsters and
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and saliva in drug addicts and athletes.

athletes; therefore it is of prime importance to detect the pres-
ence of opiates in biological samples."*” Till date, many quali-
tative as well as quantitative techniques have been described for
the detection of opiate drugs such as high-pressure liquid
chromatography (HPLC), capillary electrophoresis (CE), thin-
layer chromatography (TLC), gas chromatography (GC), and
mass spectroscopy (MS).*** However, these techniques are time
consuming, require many cleanup steps, and trained personnel,
due to which immunosensor based methods have emerged as
a better alternative as they have the potential to provide
continuous data streams for the rapid and on-site detection of
narcotic drugs.” Specific binding between antibody and its
antigen in immunosensors make them highly sensitive and
specific and can thus be developed for the detection of various
analytes such as pesticides, narcotic drugs, preeclampsia and
cancer etc.*** Indirect competitive ELISA was done for the
monitoring of papvarine in serum and injection samples with
the limit of detection upto 0.25 and 0.06 ng mL *.>* 6-Mono-
acetyl morphine (MAM) screening was done in urine samples by
cloned enzyme donor immunoassay upto 410-2010 ug mL ™'
Fluorescence based immunoassays (FIA) have been developed
for the detection and quantification of opiates with detection
limit up to 0.01 ng mL~".* The anti-morphine antibody (Mor-Ab)
was labeled with fluorescein isothiocyanate (FITC). Sensitive,
specific, and robust nature of antibodies allow their use in
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various immunoassays based on dipstick, electrochemical,
chemiluminescence and fluorescence for rapid detection and
quantification of opiates.”**>° Signal amplification and
increased sensitivity can be achieved with the use of nano-
materials. Gold nanoparticles (AuNPs) are useful as diagnostic
tool due to their resonance properties.”* AuNPs provide scat-
tering and oscillation of electrons in the conductive region.*”*
Functionalization of specific antibodies followed by their
attachment onto AuNPs surface is governed by different
molecular interactions such as covalent bond, electrostatic and
hydrophobic bond. In this line, AuNPs based immunochroma-
tographic kit was developed for chicken antibody (IgY) and
single chain variable fragment (scFv) antibody for morphine
detection. The Mor-Abs were labeled with AuNPs and ICj,
values for MAM and morphine were around 13.3 ng mL ™" and
14.0 ng mL ™", respectively, with LOD upto 5 ng mL~".2° Further
enhancement in the sensitivity of immunoassay was achieved
by single walled carbon nanotubes (SWCNT). Due to their
exceptional charge transport characteristics, carbon nanotubes
(CNTs) have immense importance in the area of biosensing.
The developed SWCNT based real time field effect transistors
(LG-FET) showed the LOD upto fg mL ™" for morphine.?®

In present study, we report the metabolic degradation of
heroin after oral administration in mice. For this purpose,
hapten-protein conjugate (Mor-BSA) was used as antigen in
immunochromatographic dipstick for rapid diagnosis of heroin
and its metabolites in biological urine samples. The developed
dipstick showed a good correlation of 0.94 with FIA for the urine
samples collected at different time intervals. The obtained data
was further validated by various biophysical and analytical
techniques, such as HPLC, MS, ELISA and FIA. Our results
confirmed that the developed dipstick, besides being cost
effective and rapid, can be efficient for on-site monitoring of
opiate drugs.

Experimental
Materials and methods

Standard samples of heroin and morphine were granted by
CFSL (the Central Forensic Science Laboratory), Chandigarh,
India. MAM, M-3-G, and bovine serum albumin (BSA) was
acquired from Sigma Aldrich Co., Delhi, India. 3,3',5,5"-Tetra-
methylbenzidine (TMB) was procured from Bangalore Geneli,
India Pvt. Ltd (BGIP). ELISA plates (polystyrene made) were
purchased from NUNC (A/S), Denmark. HPLC-grade solvents
included acetonitrile A and B (CH3CN), ethyl acetate (CH;-
COOC,H5;) and methanol (CH;OH). Buffer preparation (ph 6.0
+ 0.1) was done using a blend of 0.1 mol L " sodium acetate
(CH3;COONa) and 0.1 mol L™ acetic acid (CH;COOH) with 50 g
L~ sodium fluoride (NaF) solution. Thermo Fisher Scientific,
phosphate buffered saline (PBS) was also employed as washing
buffer for ELISA plates in competitive immunoassay. Sample
pad, absorption pad, and dipstick plastic unit was obtained
from Advance Microdevices, Ambala, India.

All other reagents, chemicals and solvents availed in the
experimental study were of high purity and analytical grade.
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Standard solution preparation

1 mg mL " of all the pool and test solutions of heroin,
morphine and MAM were prepared and stored at —20 °C when
not in use. The standard solutions were prepared within 30 min
of use to overcome the hydrolysis of chemicals. For the stabi-
lization of heroin, acetate buffer was added immediately to
thawed samples. The resulting solution was vortex mixed for
10 s, centrifuged for 10 min at 10 000 rpm and filtered with 20
um filters.

Experimental animal

In this study, three sets of ten-week old female BALB/c mice
were administered orally with heroin. For oral administration
through injection, 22 mg kg ' heroin hydrochloride
(C21H,4CINOs) was prepared in saline. Samples of urine were
equipped in 10 mL polypropylene tubes consisting 20 mM
sodium acetate buffer (pH = 6.0) to stabilize heroin. On
completion of heroin administration, collection of urine was
done at 0 h, 2 h, 4 h, 6 h, 8 h and 10 h respectively. After
collection, two sets of (biological and spiked) urine samples
were immediately transferred on ice and centrifuged for 10 min
at 10 000 rpm at 4 °C. The urine was frozen in dry ice/methanol
and stored at —20 °C, until required. The present study was
completed in strict agreement with the guidelines of Control
and Supervision of Experiments on Animals (CPCSEA) for the
use of laboratory animals. The approval was provided by Animal
Ethics Committee of Institute of Microbial Technology (CSIR-
IMTECH), Chandigarh, India.

Extraction of sample

The extracted urine samples were used for TLC. Spots were air
dried, cut and dissolved in chloroform : isopropyl alcohol
(3 : 1). The upper aqueous layer was separated and the step was
repeated twice. The organic solvent fractions of all three
extraction steps were clubbed together. These clubbed fractions
were then passed through anhydrous sodium sulphate to
remove the traces of water. The organic solvent was then
evaporated completely and precipitate was resuspended in 50
uL of methanol and filtered through 0.22 um filters before being
used for further analysis.

Competitive-immunoassay

The competitive immunoassay studies were conducted by three
different methods, namely, enzyme-linked immunosorbent
assay (ELISA), fluorescent immunoassay (FIA) and dipstick
based immunoassay (DIA), as described below. The steps were
common for coating, washing and serial dilution for ELISA and
FIA but not for DIA. Coating was done with Mor-BSA (1 ug mL ™)
in carbonate buffer (20 mM, pH - 9.6) and incubated O/N at
4 °C. Washing was done with 1x PBST (0.05% Tween-20) for two
times and 1x PBS (one time), after each incubation. Serial
dilution of the spiked urine was prepared in PBS in the range of
1 pg mL " to 1 ug mL™". Further methodology involved in DIA,
ELISA, and FIA is described as follows:

This journal is © The Royal Society of Chemistry 2018
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Dipstick based immunoassay

An optical immunochromatographic dipstick kit was developed
for the detection of narcotic drugs in urine samples collected at
different time points, such as 0 h, 2 h, 4 h, 6 h and 8 h
respectively. Preparation and characterization of Mor-Au-
immunoprobe was done as described previously.**® The
dipstick comprises of two pads, application and absorption
pad, and the test line, made on nitrocellulose membrane (2 puL
per line) accompanying conjugate of MAM-BSA, Mor-BSA and
M-3-G-BSA (2.0 mg mL " in 3% methanol) and allocated by Easy
Printer (Advance Microdevices, Ambala, India). Addition of
samples was done on glass fabricated Mor-Ab-AuNPs immu-
noprobe at 1 : 200 dilution. Thereafter, nitrocellulose (NC) strip
(absorption pad, sample pad and the NC membrane) was dried
for 2 h in laminar and lodged into a cassette of plastic that was
further employed as a dipstick. Various samples of urine (50 uL)
were individually spiked with heroin, MAM and morphine. In
other set of dipstick, biological samples collected at different
time intervals, were added to sample well (50 puL per well).
Competitive reaction occurred between opiate drugs and Mor-
Ab-AuNPs immunoprobe. The resultant color showed an
inverse relation with the quantity of analyte present in the
sample via lateral flow in dipstick. For the quantification of
results, a digital gel documentation system (Camilmager™
Ready, Alpha Innotech Corporation, USA) was employed for
accessing the optical signals.

Enzyme-linked immunosorbent assay (ELISA)

Monoacetyl morphine-bovine serum albumin (MAM-BSA),
morphine-bovine serum albumin (Mor-BSA) and morphine-3-
glucouronide-bovine serum albumin (M3G-BSA) were coated in
carbonate buffer (20 mM, pH - 9.6) and incubated O/N at 4 °C.
Blocking was done to block non-specific binding sites with 5%
defatted skimmed milk prepared in phosphate buffered saline
(PBS, 200 uL per well) for 2 h at 37 °C. Spiked samples were
prepared in urine with standard drugs (heroin, MAM, morphine
and M-3-G) in the linear range of 1 pg mL " to 1 pg mL™". Urine
samples (100 pL each) collected at different time points, mixed
with (0.1 pg mL ") Mor-Ab and 100 uL was added to each well.
Plates were incubated for 2 h, at 37 °C. 100 uL per well goat anti-
rabbit-IgG-HRP (Biorad) was added as 2° antibody, at a dilution
of 1:10 000 and 1 h incubation was done at 37 °C. 100 pL per
well tetramethylbenzidine (TMB) substrate was added and
incubated for 15 min at room temperature (RT). The reaction
was stopped with 1 N H,SO, (50 pL per well). The absorbance
was measured at the wavelength of 450 nm by ELISA plate
reader (Biotek- XS Plus) (Fig. 2). All washing steps were done
twice in 1x PBS (pH 7.4) + 0.05% Tween-20 and once in 1x PBS
(pH 7.4).

Fluoroimmunoassay (FIA)

ELISA plates were coated as described earlier. Spiked and bio-
logical samples were also prepared similarly and mixed with
Mor-Ab-FITC solution (1 : 1000 in PBS) in equal volume. Prep-
aration of standard drug solutions was done in PBS in linear

This journal is © The Royal Society of Chemistry 2018
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range from 1 pg mL ™" to 1 pg mL™ " followed by plate incubation
for 2 h at 37 °C. The counts were measured directly by fluores-
cence microtiter plate reader (Molecular Devices, USA) at exci-
tation and emission wavelengths of 492 nm and 515 nm
respectively.

High performance liquid chromatography

High performance liquid chromatography (HPLC) consisted of
Shimadzu LC-20AD binary pump (Shimadzu Corporation,
Kyoto, Japan). 20 uL sample was injected in an injector (SIL-10
A/10AVP) with a microsyringe (SIL-10ADvp) to Luna 5 um C18
column (CTO-10AS; 250 mm x 4.60 mm, particle size 5 um).
UV-absorbance was detected at 214 nm with UV-Vis detector
(SPD-10A/10Avp) (Fig. 4). Gradient based elution was initiated
using a mixture of (5 mM) ammonium acetate in water (pH 4.0)
and acetonitrile A and B, (for 2 min 95% A and 5% B, 2-8 min
85% A and 15% B, 8-11 min 20% A and 80% B, 11-15 min 95%
A and 5% B). Rate of flow of the mobile phase was 1 mL min~"
and 15 min was the total run time. The degree of column's heat
was 25 °C. Subsequently, the microsyringe was rinsed with
100% methanol after every injection. Standard drugs (heroin,
MAM, morphine and M-3-G) were run before application of
unknown sample.

Mass spectra

The mass ion defect of all quantitative ions (base peak) for
standards and tests was determined with an unextracted stan-
dard and extracted urine samples, at different time points. For
mass spectrometry (MS), two sets of urine samples i.e. spiked
and biological were used in methanol. The Voyager-DESTR
mass spectrometer was run in ion selective mode. The moni-
toring was performed for all the standards such as heroin,
MAM, morphine and morphine-3-glucouronide (M-3-G) as well
as for the test samples at varied time points (0 h,2 h,4 h, 6 h
and 8 h) respectively and mixed in solution of sinapinic acid
(15 mg mL~" in CH;CN) in equimolar amounts. Following the
application of samples onto a probe of stainless steel having 0.5
uL of 0.1% TFA, the samples were dried at ambient tempera-
ture, and transferred to analyzer for mass analysis. Then values
were achieved with 50 shots per sample at 30 kV and analyzed
via system linked software.

Results and discussion
Degradation of heroin post oral administration

Table of content highlights the degradation pathway of heroin
after oral administration, resulting into generation of MAM to
morphine, and then to morphine-3-glucouronide (M-3-G) and
morphine-6-glucouronide (M-6-G). The presence of three active
sites (C3, C, and Ny) plays a major role in deacetylation of
heroin. To minimize the process of deacetylation, the extraction
drugs were done immediately after sample collection. Conse-
quently, the standards were chosen (heroin, MAM, morphine
and M-3-G) on the basis of degradation pathway for recognition
of unknown compounds released after degradation of heroin.
Urine samples were collected after 0 h, 2 h, 4 h, 6 h and 8 h

RSC Adv., 2018, 8, 23163-23170 | 23165
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respectively. Presence of narcotic drugs was analyzed by
dipstick immunoassay. Further validation of the obtained data
was done by ELISA, FIA, HPLC and MS.

Dipstick based immunoassay

The presence of heroin and its major metabolites were detected
via efficient immunochromatographic assay using Mor-Abs-
AuNPs as an immunoprobe (Fig. 1). A series of blocking
agents were used previously, including polyvinyl alcohol (PVA),
polyethylene glycol (PEG), polyvinyl pyrrolidone (PVP), skim-
med milk as well as bovine serum albumin (BSA) but they were
associated with drooping effect on the strip due to its cloggy
property and affects the tangential capillary action. Therefore,
blocking was not carried out. Drug detection was mediated via
competitive reaction between the test line, i.e.,, MAM-BSA,
morphine-BSA and M-3-G-BSA conjugate and the target ana-

lyte. Linear range of concentration (1 to 10 000 ng mL™") was
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prepared for heroin, morphine, MAM and M-3-G and LOD was 5
ng mL~" and IC5, was approx 20 ng mL~". Urine samples were
added (collected at different time points) directly on sample pad
to analyze, if the drug was present or absent. A strong correla-
tion of 0.94 between dipstick and FIA assay for morphine in
biological urine samples was noted. The optical signal for the
presence of heroin was obtained at 2 and 4 h for MAM and
morphine, 6 h for morphine, 8 h for M-3-G. This adds to the fact
that Mor-Abs can be successfully used for rapid and on-site
detection of opiates in biological samples.

The intensity of the signal (I) was normalized as % B/B, that
represents the following normalization equation:

% BIBy = I — Ix/In — Ix x 100

where, I is the signal measured for a certain analyte concen-
tration, I, is signal recorded for the blank/zero standard, and I,
is signal at the excess of certain analyte.
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(A) Dipstick assay of biological urine samples collected at different time points (0 h, 2 h, 4 h, 6 h and 8 h); (B) % B/Bo graph of post heroin

administration in mice at different time points; (C) standard graph showing a strong correlation of 0.94 between dipstick and FIA assay post

heroin administration.
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(A) competitive ELISA; (B) fluoroimmunoassay (FIA) of spiked urine samples; (C) competitive inhibition assay (FIA) of biological urine

samples collected at different time points (0 h, 2 h, 4 h, 6 h, 8 h and 10 h) using (MAM-BSA), (Mor—BSA) and (M3G-BSA) conjugates as a coating
antigen (0.1 pg mL™Y); the buffer used for coating was carbonate buffer (20 mM, pH 9.6).

Enzyme immunoassay

Using the same samples, the obtained data was further vali-
dated by ELISA. ELISA based ICs, value was 1.0 ng mL ™" and in
dipstick assay, up to 20 ng mL ™" (Fig. 2A). The sensitivity
difference can be neglected, as the obtained values differ due to
different matrix effects. ICs, or critical inhibition values (50% A/
A,) were achieved by enzyme-linked immunoassay and incor-
poration of given equation

%AlAg = A — Aexl Ao — Aex x 100

where A, A, and A, signify sample absorbance, hapten at zero
concentration, and hapten at excess concentration, respectively.

Fluorescence immunoassay

Further enhancement in sensitivity was achieved by FIA. Mor-Ab
was labeled with FITC. ICs, values were achieved by competitive
inhibition assay and normalization of fluorescence intensity
and incorporation of given equation

% FIFy = F — FexlFy — Fex x 100

This journal is © The Royal Society of Chemistry 2018

where F, F, and F. signify sample fluorescence intensities,
hapten at zero concentration, and hapten at excess concentra-
tion, respectively.

On the basis of a semi-log plot, a standard arc for indirect
type FIA was obtained using standard samples in the linear
range of 0.01 pg mL ™' and 1000 ng mL™'. Heroin and its
metabolites showed LOD upto 0.01 ng mL™". It was seen that
the designed immunoassay for fluorescence, incorporating
anti-morphine-Ab, not only possessed wide specificity but was
highly sensitive towards heroin, MAM, morphine and M-3-G.
Unlike current known chromatographic techniques, the devel-
oped assay proved to be far more sensitive, as the LOD in the
prior for heroin was 1 ng mL™", 5 ng mL~"' for MAM and
morphine, and 9.7 ng mL~" for M-3-G (Fig. 2B). A comparative
Table 1 showed the linear range, limit of detection, and ICs, of
the different assays developed in spiked urine samples.

Mass spectrometry and high performance liquid
chromatography

Fig. 3 and 4 shows the MS spectra and HPLC chromatogram
where the mass and purity was analyzed with standard samples.
Further urine samples were collected at different time points 2, 4, 6

RSC Adv., 2018, 8, 23163-23170 | 23167
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Table1 Comparison of sensitivity and specificity of various morphine
specific immunoassays in spiked urine samples

Type of Linear range LOD ICso
S.No.  immunoassay  (ug mL™") (ngmL™")  (ngmL")
1 Dipstick 1-10 5 20

ELISA 0.01-1 0.1 1.0
3 FIA 0.01-1 0.01 0.1

and 8 h to observe the degradation pathway of heroin and its major
metabolites. At 2 and 4 h, two peaks of MAM and morphine were
found in urine samples. While at 6 h, major concentration of
morphine was present and at 8 h, M-3-G traces were found that
further proves the degradation pathway in table of contents.

HPLC chromatogram showed the degradation pattern in
a similar manner as shown by Mass spectra. Fig. 4A showed the
spiked samples chromatogram in buffer, while urine samples
were spiked with heroin, MAM, morphine and M-3-G (Fig. 4B).
Fig. 4C showed the peaks observed after 2, 4, 6, and 8 h of urine
sample collected after heroin administration in mice. Mass
spectra, HPLC data are in close agreement with dipstick based
lateral flow immunoassay. It further validated our results that
the color developed in dipstick is in accordance with MS and
HPLC at 2 and 4 h (MAM and morphine), 6 h (morphine), and
8 h (M-3-G) in biological sample.

Conclusion

This work reported the development of various immunoanalytical
approaches to trace the metabolic degradation of heroin post
administration. Biological urine samples were analyzed by dipstick
and further validated by ELISA, FIA, HPLC and MS. The sensitivity
of each immunoassay was compared. The highest LOD was ob-
tained in FIA, up to 0.01 ng mL™~". The main drawback in FIA is
quenching that can be overcome by dipstick. Dipstick based
immunoassay provides cost effective, rapid and optical detection,
but again sensitivity comes as an issue. Therefore, the developed
immunoassays can be used, according to the person requirement
for the monitoring of opiate drugs in biological urine samples.
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