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Abstract
The hallucinogenic drug LSD (Lysergic acid diethylamide) is present in global scale among the seized drugs. It is commonly found in blotters, and its detection in 
the extraction solution by a simple and fast methodology turns into a point of interest, once quickness, specificity and reliability must be associated. In the present 
work, from a single injection in a High Performance Liquid Chromatograph it is possible to quantify LSD by Diode Array Detection (DAD, λ = 310 nm) and 
Electrochemical Detection (ECD, 1250 mV) in seized samples in less than 10 minutes, with the same mobile phase composed by ammonium perchlorate. The limits 
of detection were calculated as 2.14 10-6 mol L-1 and 6.18 10-7 mol L-1, respectively: these results values are equivalent to 4 µg of LSD in a blotter. The methodology 
was validated and applied in three real samples. Then, it is possible to gather more information from one injection based on distinct detection principles; this 
advantage is valuable in confirmatory analysis for illicit substances in the routine of a forensic laboratory.
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Introduction
LSD is one of the main hallucinogen, and it had been popularized 

in decade of 1960 due to its recreational use. It is a semi synthetic drug, 
with an increase of its commercialization by internet market  [1-3].

LSD is commonly found in blotter, whose concentration varies 
from 20 µg to 150 µg [4]. As well as other drugs, once its seizure 
occurs, a protocol should be followed for confirmatory results about 
the presence and the quantity of a forbidden substance. This routine 
analysis usually follows the recommendations from Scientific Working 
Group for the Analysis of Seized Drugs (SWGDRUG), that presents 3 
categories for chemical analysis (Table 1) [5].

Category A involves the most specific techniques, and category 
C contains the less ones. For a confirmatory result, laboratories must 
analyze seized samples by two chemical analyses (one by class A test 
and other by A, B, or C test) or three exams (two by class B tests and 
the third by B or C test).

 In cases where hyphenated techniques are used (like liquid 
chromatography-diode array ultraviolet spectroscopy), they will be 
considered as separate techniques and the results from each are used.

Liquid Chromatography is cited in Category B, and once two 
different chemical principles for detection are performed, there are 
two different results provided. Unfortunately, it is not a reality finding 

in all Brazilian laboratories equipment’s for analysis in category A. 
Liquid Chromatography is commonly used in laboratories, and new or 
optimized methodologies for this kind of analysis are helpful [6].

The literature about LSD analysis in seized samples describes 
methodologies using High Performance Liquid Chromatography 
(HPLC), with the fluorescence detection as the most suitable, because 
of its sensitivity. Diode Array Detection (DAD) is presented as an 
alternative option [7]. Electrochemical detection (ECD) has not been 
widely explored for quantification of LSD in seized samples: Jane, I. et 
al [8] describes a methodology for alkaloids drugs – including LSD - in 
urine samples. 

ECD is seen as an alternative for detection based on optical 
principle: indeed, electro analysis applied to forensic purposes has 
been showing its potential due to the highly sensitivity on analytical 
techniques involved in electrochemistry [9].

The use of HPLC in forensic researches, specifically for drug 
analysis involves various validated methodologies when there is a 
quantification purpose [10,11]. HPLC - ECD has been explored for 
detection of drugs and explosives substances [12], but there is a lack of 
works focused on the analysis of illicit drugs in seized samples.

In this article, the possibility of gathering more information from 
one injection based on two detections (UV VIS and electrochemical) 

Category A Category B Category C
Infrared Spectroscopy Capillary electrophoresis Colorimetric tests
Mass Spectrometry Gas Chromatography Fluorescence Spectroscopy
Nuclear Magnetic 
Resonance Spectroscopy Thin layer Chromatography UV VIS Spectrophotometry

Raman Spectroscopy Liquid Chromatography Melt point

Table 1. Some analytical techniques for drug determination used by SWGDRUG (5).
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was explored in a sequential mode. Firstly, it is proposed various 
adaptations (mobile phase, stationary phase, preparation of solutions 
for analytical curve and others parameters) for optimization in 
DAD methodology already reported in literature and then, with the 
same condition, a quantification of LSD by ECD is developed for its 
determination in seized samples. The results for this last detector, is 
new information about the electrochemical response of LSD.

Material and methods

All research developed was performed using commercial standard 
solution of LSD (1000 ppm) in acetonitrile (Cerilliant, Round 
Rock, EUA). All diluted solutions were prepared in the same day 
of the analyses, using non fluorescent lamps in the laboratory, due 
to photosensitivity of this substance. Two different solvents were 
tested as diluents: acetonitrile (Sigma Aldrich, St. Louis, EUA) and 
hydroalcoholic solution containing methanol:water 1:1 v/v.

Seized blotters were obtained from a partnership between this 
research group and the criminal experts of laboratory of toxicological 
analysis – Institute of Criminalistics – in Ribeirão Preto city – São 
Paulo, Brazil. These seized samples were colorful squares of about 0.5 
cm x 0.5 cm.

The extraction procedure followed the methodology proposed 
by literature, with a methanol (HPLC grade, Merck, Darmstadt, 
Deutschland) and water (MilliQ) solution (1:1 v/v) in an ultrasonic 
bath for about 18 minutes [13]. This procedure was performed in an 
incandescent light room and the temperature was set in 24ºC, to avoid 
degrading LSD. 

These solutions were also analyzed in a MS system, composed by 
the quadrupole Mass Spectrometry Xevo TQ-S (Waters Corporation, 
Milford, EUA) in full scan mode (from 100 to 1000 mass unity), with 
the blank extraction solution and standard solution for comparison. 
Inside electronspray source, 2 mL of water/methanol + 0.1% formic 
acid (Merck) mixture was directly injected. The instrument operated in 
positive scan, with Z spray ionization source (150ºC; capillary voltage 
3.20 kV, source offset 60V), in 0.1 mL min-1 flow rate. Nitrogen gas for 
desolvatation gas flowed in 700 L h-1 at 250ºC.

The use of mass spectrometry technique allowed the detection 
of the presence of LSD in seized samples, once a scan analysis was 
performed. Then, HPLC measurements were employed in LSD for its 
quantification. For these purposes, a HPLC (Ultimate3000, Thermo 
Scientific, Waltham, EUA) coupled to DAD (λ 310 nm) and ECD 
(Coulochem III) was employed in these measurements, with a Gold 
Amino column (5 µm, 250 x 4.6 mm Thermo Scientific) as stationary 
phase at 30ºC. The sampler was conditioned at 10ºC.

The ECD configuration contains graphite as working and auxiliary 
electrodes and palladium as reference electrode. The electrical potential 
was set in 1250 mV vs. Pd. 

The mobile phase for both methodologies was composed by 
a mixture in 81:4:15 v/v/v proportion of 0.01 mol L-1 ammonium 
perchlorate (JT Baker) in methanol:acetonitrile:water. An isocratic 
procedure of 10 minutes run with a 0.55 mL min-1 flow rate was used in 
all measurements with the volume injection of 20 µL. The ammonium 
perchlorate was employed as supporting electrolyte, and its pH was 
measured as a value that varied between 5.7 and 6.1.

The choice of the potential set in ECD is a consequence of the 
result observed in Cyclic Voltammetry for a system composed by 
ammonium perchlorate 0.01 mol L-1 in methanol as supporting 

electrolyte, a disk of graphite (4 mm) as the working electrode, Ag/
AgCl as the reference electrode and a Platinum wire as the counter 
electrode. All measurements were performed in a potentiostat Autolab 
PGSTAT128N (Metrohm, Herisau, Switzerland) in a range from 0 to 
1.8 V in a scan rate of 10 mV s-1 .

Results and discussion
Setting potential in ECD in 1250 mV is due to its voltammetric 

behavior observed in Figure 1. The anodic peak observed in 1630 
mV indicates the potential where there is an oxidative process in the 
molecule. Then, it was applied the correction value (the potential 
observed in voltammogram subtracted by 400 mV) for the difference 
between the material of the reference electrode (Ag/AgCl in 
voltammetric system for the Pd in HPLC system). 

This value stablished in 400 mV as the conversion is justified by the 
values for redox reactions in Ag and in Pd, the elements in reference 
electrode for voltammetric system and electrochemical detection 
in HPLC, respectively. Once it is known the potential whereas the 
oxidation in molecule may occur, the electrochemical cell might supply 
the energy need to its reaction. 

Firstly, it was possible to observe the difference between the 
solvent in standard solution and the one used for extraction in seized 
samples. Then, it is important to verify if any difference is observed in 
chromatographic profile during the development of methodologies, as 
part of specificity study. Both of detections methods presented different 
chromatographic profiles between LSD diluted in acetonitrile and LSD 
diluted in extraction solution. In the second option, a higher and better 
defined signal is observed, according to Figure 2.

Through an analysis by Mass Spectrometry, it is possible to verify 
if there was any structural change, such as an epimerization, due 
to influence of solvent [14,15]. In the same concentration of LSD 
established in 10 µg g-1, two solutions were prepared using the standard 
solution diluted in acetonitrile and in mixture of methanol and water. 
The same solutions were analyzed in two different moments: as soon as 
the solution were prepared and after 10 days, stored, in amber flasks in 
refrigerator. The results obtained for this test are presented in Figure 3.

No difference were verified between mass spectra, as the signal 
mass/charge 324.3 keeps in each spectrum profile even after 10 days, 

Figure 1. Voltammogram for the presence of LSD in ammonium perchlorate 0.01 mol L-1 
for graphite as working electrode; scan rate 10 mv s-1.
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Figure 2. Chromatograms comparing LSD (20 µg g-1) in different solvents: acetonitrile (a) and blank solution for extraction (b).

Figure 3. Mass spectrums corresponding for standard solution prepared 10 days before, diluted in acetonitrile (a) and blank solution for extraction (b).
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without the presence of any other signal. The molecular weight of LSD 
molecule is equal to 323.4 g mol-1, and from these results, it is possible 
to conclude no other derivative was formed, nor instantly neither 
during 10 days later. If any derivative, such as lumi–LSD, could be 
produced, a signal corresponding to a greater mass/charge value would 
be observed. 

Then, this change in solvent for analytical curve and sample 
analysis was the first experimental aspect to the adaption to DAD 
methodology, and this fact has not been explored before in literature. 
The presence of water in the mobile phase and the use of a Gold Amino 
chromatographic column are responsible for the new results obtained 
in this study. Moreover, once the extraction procedure described in 
literature shows the presence of water as a factor for better efficiency, it 
might be present in mobile phase.

Considering DAD, this change in solvent for preparing standard 
solution had more impact in comparison to ECD. The absorption 
in UV VIS range observed in molecule by LSD molecules is due to 
unsaturated bonds, so the aromatic structure is considered as the 
responsible for the signal in DAD [16].

The literature describes a procedure with a mobile phase containing 
100% of ammonium perchlorate in methanol, in the same concentration 
used in this article, and a C8 stationary phase without any chemical 
modification [7]. This methodology was pointed as an alternative for 
fluorescence detection in the same experimental condition, but with 
worse selectivity and specificity, when compared with this detector.

The equation that describes the linear relation between 
chromatographic signal (mAU*min) and levels of LSD (mol L-1) is: 
Area signal = 452281.42 [LSD] + 0.219. Figure 4 shows the response and 
analytical curve for DAD, which linearity was 0.9957.

One advantage in using DAD is the possibility to get a broad 
UV VIS spectrum of the analyte, and this tool provides qualitative 
information about the presence of LSD in seized samples. 

From the same procedure, it was possible to analyze LSD by ECD 
in the sequence. It is known indolic structure in LSD molecule (and 
its derivatives) is the core of an electrochemical reaction, responsible 
for an oxidative signal. As it has been observed in literatures that 
have explored the electrochemical behavior of lysergic acid and LSD, 
perchlorate salts have been showing the best performance as supporting 
electrolyte [17,18].

These electrochemical studies were performed using glassy carbon 
as working electrode, whilst the present work has graphite as working 
electrode. The difference of the composition in reference electrode 
implies in different potential to be applied in the electrochemical 
system, due to the redox reaction that occurs in each element.

As it was mentioned, methodologies reported in literature for 
electrochemical detection had not provided satisfactory results because 
of high noise in chromatogram and poor selectivity (07). However, 
the changes proposed in the present article have resulted an analytical 
curve with satisfactory linearity (R2 equal to 0.9979), with the following 
equation describing the relation between current signal (µA*min) and 
concentration of LSD (mol L-1) Areasignal = 260311.91 [LSD] – 0.112, 
according to Figure 5.

Finally, differently to what the literature presents, this 
electrochemical detection is referred to a working electrode made of 
graphite, and not glassy carbon, using a chromatographic column 
with more polar interaction as the predominant characteristic. Other 
aspects such as adaptations in mobile phase are factors that influenced 
for a satisfactory performance of this electrochemical detection, with 
chromatographic resolution better than these registered in literature. 

The importance of the present methodology is the possibility of 
getting two reliable results from the same injection in HPLC equipment 
with two different detectors in sequence. Both of the detection (DAD 
and ECD) have satisfactory results in their analytical parameters. 
Moreover, the problems reported for ECD detection are resolved.

Table 2 compares the present methodology to others found 
in literature for analysis of LSD in blotter samples. Not all the 
methodologies present all analytical parameters, as some of them had a 
more qualitative purpose in the determination of LSD.

Validation and comparison 

Validation is an important requirement when some changes are 
included to a methodology and a new one is proposed. In this case, 
both of these situations are present.

Inside validation study, it was considered the limit of detection 
(LD) and limit of quantification (LQ) as 3*σ/m and 10*σ/m, 
respectively, being σ the standard deviation obtained after linear fitness 
in the analytical curve for the linear coefficient, using software such as 

Figure 4. Successive chromatograms obtained by HPLC DAD for different concentrations of standard solutions of LSD in methanol:water 1:1 v/v. The analytical curve is also presented 
with respectively standard deviations for each level.
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Reference Detection Condition Mobile phase Stationary phase Flow (mL min-1)
[7] DAD 280 nm Methanol and Na2HPO4 (pH 8.0) Reverse Phase -C18 1.0

[7] DAD 313 nm NH4ClO4 in methanol and NaOH (pH 6.7) Normal phase – Spheriborb 
S5W 2.0

[8]* ECD 800 mV NH4ClO4 in methanol and NaOH (pH 6.7) Spheriborb S5W 2.0

[6] DAD 220 nm Methanol: acetonitrile and ammonium 
carbonate (pH 8) C8 0.8

[19] DAD 220 nm Phosphate buffer in water: methanol (pH 8) C18 2.0

[20] DAD 220 nm methyl-tertbutyl
ether/isopropanol APS hypersil 1.5

Present methodology ECD 1250 mV NH4ClO4 in methanol: acetonitile: water 
pH 5.7-6.1 Gold Amino 0.55

Present methodology DAD 310 nm

Table 2. Comparison between liquid chromatographic methodologies to detect LSD in seized samples, for DAD and ECD.

*Analysis of LSD extracted from urine sample

OriginProLab 8.0, and m the sensitivity, which is verified by angular 
coefficient obtained in analytical curve. Then, sensitivity is explored as 
being the value in signal (in mAU or ampere, according to the detector) 
gained per unit of concentration of the LSD added to the system, in 
mol L-1 [18].

The concentration of LSD can vary from 20 µg to 150 µg, and when 
the methodology for blotter extraction used in this work, there are a 
variation from 1.03 10-5 to 7.73 10-5 mol L-1, considering the density of 
the mixture methanol:water 1:1 v/v equal to 0.92 g mL-1. This value was 
obtained due to an experiment with the picnometer in triplicate. 

According to literature about validation procedures (EURACHEM, 
AOAC, INMETRO) [21-23], selectivity is verified by studying its 
ability to measure the analyte of interest in samples with interferences, 
those are thought likely to be present in samples. For this study, a 
seized sample without the presence of LSD (verified previously by its 
mass spectrum) is fortified with the addition of the standard solution. 
Then the final solution contains many substances from the extraction 
process – such as ink used to stamp blotters and components from 
paper - and the main analyte. 

Besides, a standard solution with the same concentration of LSD 
in methanol:water is also analyzed and quantified. The aim of this 
experiment is verifying if the interference of other components in 
sample matrix could affect the chromatographic signal.

As Figure 6 illustrates, there is no interference of other compounds 
present in blotter in the signal corresponded to LSD nor in its intensity, 
nor in the retention time. 

The linear range was established as being from the limit of 
quantification until 1.15 10-4 mol L-1, since it was observed that above 
this level, there is not any linear response between the signals (for DAD 
and ECD) and concentration of LSD.

The Table 3 summarizes the figures of merit calculated for both 
methodologies, being also a comparison between the detections. The 

study of specificity is accomplished by an analysis of Test F, comparing 
the areas integrated for each case. In both of the detectors, the ratio 
calculated between these areas is below the value known in theory 
(4.28). Then, it is proven the other components present in blotter - 
and so, in solution obtained from its extraction-, do not interfere in 
chromatographic signal.

Although the values obtained for LD and LQ in case of ECD were 
higher than those obtained for DAD, they are lower than the lowest 
concentration of LSD usually found in blotters (20 µg). It is important 
to mention the suitability of both detections to forensic routine, once 
the sensitivity and specificity were exposed as being satisfactory. Then, 
the present study proposed an adaption to DAD methodology and 
proposes a new ECD one, as alternatives to fluorescence detection.

Sample analysis

The samples were analyzed by Mass Spectrometry for getting 
preliminary information about the presence of LSD in any of them (by 
verifying the presence of the signal mass/charge 324.3). In this analysis, 
the sample blank solution (containing methanol and water) and a 
standard solution of LSD had keep up with the sample for comparison 
purposes. In this way, it was found the presence of the drug just in one 
of the blotters. 

For this real sample containing LSD, the major absorbance of the 
molecule is in the same wavelength observed for the standard solution 
of LSD, as it is illustrated in Figure 7. 

The sample with positive result for LSD by mass spectroscopy 
technique presented good signals in both DAD and ECD detectors. 
From the analytical curves established for both detectors, the quantity 
of LSD in the sample was 20.36 ± 0.101 (DAD) and 22.79 ± 0.112(ECD). 
The retention time corresponded to each signal were in agreement to 
those obtained with standard solution. It is possible to verify the results 
obtained are similar from each other, and so were the negative results. 

HPLC DAD HPLC ECD
LD 6.18 10-7 mol L-1 2.14 10-6 mol L-1

LQ 2.06 10-6 mol L-1 6.47 10-6 mol L-1

SDR 2.41% 1.69%
Interday assay 1.11% 2.30%
Linearity (R2) 0.9957 0.9979

Sensitivity 452281.42 mAU min L mol-1 260311.91 µA min L mol-1

Recovery 100.69% 95.98%
Linear Range (mol L-1) 2.06 10-6 to 1.15 10-4 6.47 10-6 to 1.15 10-4

Specificity (S)* 2.37 3.01

Table 3. Analytical parameters calculated for each detector.

* Coefficient S is compared to F test value
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 Figure 6. Chromatograms for specificity of LSD 5.75 10-5 mol L-1 diluted in solution for extraction and in a solution from the extraction of a blotter without the presence of LSD. The blank 
results for both solvents are also registered.

Figure 5. Successive chromatograms obtained by HPLC ECD for different concentrations of standard solutions of LSD in methanol:water 1:1. The analytical curve is also presented with 
respectively standard deviations for each level.

Figure 7. UV VIS spectrums for seized sample and standard solution of LSD. 
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As negative results from mass spectrometry were obtained for some 
sample, the same absence of LSD was observed by HPLC (DAD and 
ECD) and in their UV VIS spectrum.

Conclusions
This study proposes a same methodology that provides two 

different detections, from distinct chemistry principles: light 
absorbance (DAD) and electrochemical (ECD) detection. This fact 
outcome in an alternative procedure for a fast analysis, once a complete 
chromatographic run is obtained in less of 10 minutes, and it is possible 
to gather trustful results from validated methodologies. The procedure 
for DAD was optimized for better results in its analytical parameters. 
As consequence, the routine of a forensic laboratory might be 
optimized.
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