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Substitution of Human for Horse Urine
Disproves an Accusation of Doping*

ABSTRACT: In order to detect switching and ⁄ or manipulation of samples, the owner of a stallion asked our lab to perform a DNA test on a
positive doping urine sample. The objective was to compare the urine DNA profile versus blood and hair DNA profiles from the same stallion. At
first, 10 microsatellite markers were investigated to determine the horse identity. No results were obtained when horse specific markers were typed in
the urine sample. In order to confirm the species origin of this sample we analyzed the mitochondrial cytochrome b gene. This analysis from blood
and hair samples produced reproducible and clear PCR-RFLP patterns and DNA sequence match with those expected for horse, while the urine sam-
ple results were coincident with human. These results allowed us to exclude the urine sample from the questioned stallion and determine its human
species origin, confirming the manipulation of urine sample.
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Urine is the sample of choice for drug screening in sports. Doping
in performance horses is defined as the ‘‘illegal application of any
substance, except normal diet, that might modify the natural and
present capacities of the horse at the time of the race’’ (1), and is
normally performed in order to increase the horse’s performance. In
sports horses, the inoculation of caffeine is considered illegal. Caf-
feine is not a regular part of a horse’s diet, and is among the drugs
that may be suministrated to increase the performance. Caffeine is
an alkaloid which can be obtained from the wastes of tea, or coffee
or it may be prepared synthetically. Both caffeine and theobromine
are naturally occurring members of the methylxanthine family and,
whilst caffeine has an effect on predominantly the central nervous
system, theobromine is associated with diuretic responses.

Manipulation of urine sampling in sports drug testing is a viola-
tion of anti-doping rules and is consequently sanctioned by regula-
tory authorities. In some instances, the origin of the submitted
samples may be challenged because of the medical, legal, and eco-
nomic consequences of a positive drug test (2,3). Numerous analyt-
ical strategies have been used, including gas chromatography-mass
spectrometry for steroids and metabolites, gas chromatography-
nitrogen ⁄phosphorus detector analysis, high-performance liquid

chromatography-UV fingerprinting, and DNA-STR (short tandem
repeat) analysis.

Urine DNA originates from the presence of intact desquamative
epithelial cells of the urinary tract. However, only 20–30% of sam-
ples yield a sufficient DNA to interpret amplification results. Sepa-
rating the cells from micro-organisms and other urine components,
prior to DNA extraction, increases the number of successfully
typed samples (4–7).

DNA profiling is useful in the certification of a specific animal
identity (8–11). In addition, DNA sequence analysis allows for
identifying the species source of unknown casework urine speci-
mens. Mitochondrial DNA typing (mtDNA) can be used to differ-
entiate among animal species (10,12–15). Such discriminatory tests
have important applications in agriculture, food technology, and an
important and growing role in forensic sciences (e.g., in the detec-
tion of illegal import, export, and hunting of endangered species,
and stealing of livestock animals) (10,12,15–17).

Here we report a case of species determination in blood, hair,
and urine samples from a positive caffeine doping case in an
American Trotter breed horse. In order to detect switching and ⁄ or
manipulation of the samples, the owner of the stallion asked our
lab to perform a DNA test on the positive doping urine sample.
The objective was to compare the DNA profile of the urine to
fresh blood and hair samples taken from the questioned stallion.

Material and Methods

Animal Samples

The casework involved blood, hair, and urine samples that were
received by our laboratory to determine if they belonged to the
same individual. Peripheral blood was obtained by sterile jugular
puncture from the questioned horse, stored with anticoagulant at
20�C until the analysis. Hairs were taken from the tail and mane
and were sent to us in a plastic envelope. The urine sample positive
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for doping had been collected three months prior to study and had
been stored frozen at )20�C in the Centre of Research and Control
of Doping (University of La Plata, Argentina).

DNA Isolation

Whole DNA from blood lymphocytes was isolated by the
DNAzol� method (Invitrogen, Carlsbad, CA) (18).

To extract the DNA from hair, the bulbs were cut and placed
into a 0.5 mL tube, and incubated at 95�C with NaOH (200 mM)
for 10 min. An equal volume of neutralizing solution (Tris–HCl
100 mM, 200 mM, pH = 8.5) was added and hair remnants were
separated from the suspension. This DNA was used as template in
PCR reactions without additional purification.

For DNA isolation, the total volume of urine (10–15 mL) was
centrifuged at 2000·g for 10 min. The pellet obtained was washed
twice with water and subjected to DNAzol� extraction procedure
(Invitrogen), following suggested modifications (19).

Horse DNA Typing

All DNA samples were used as template for PCR amplification
of the STR panel recommended by the International Society for
Animal Genetics (ISAG) for equine identification. These markers
have been tested in several Horse Comparison Tests with a high
degree of concordance among labs (ISAG; http://www.isag.org.uk/).
PCR amplification of 12 microsatellites was performed on a ther-
mal cycler (MJ Research, Boston, MA and Bio-Rad Laboratories
Inc., Hercules, CA) in three multiplexes: (i) AHT4-AHT5-HMS6-
HMS7-HTG4-HTG6-VHL20; (ii) ASB2-HMS3-HTG10; (iii)
TKY333-TKY394, following the recommendations of the ISAG.
The positive controls consisted of horse samples previously typed
by our lab and standardized during the International Horse Compar-
ison Test of the ISAG (2005–2006). Each casework sample was
genotyped in a MegaBACE1000 automated sequencer (GE Health-
care) using ET550-R as Molecular Size Standard (GE Healthcare).
The analysis and genotype assignments were made by using the
megabace Genetic Profiler Software Suit version 2.2 (GE Health-
care). Binsets were standardized using control DNAs from ISAG
2005–2006 International Horse Comparison Test.

Species-Specific Determination by RFLP Analysis of PCR
Products

For cytochrome b (Cyt b) amplification a universal pair of
primer oligonucleotides was used: L14816 5¢-CCATCCAACAT
CTCAGCATGATGAAA-3¢ and H15173 5¢-CCCCTCAGAATGA-
TATTTGTCCTC A-3¢ (20), which allow amplification of a c.
358 bp fragment in almost all mammalian species. The amplifica-
tion reactions were carried out under known conditions (15). Refer-
ence DNA samples from horse (NZ6) and human (NZ1) species
were provided by the CIGEBA DNA bank (15), and used as DNA
species-specific controls.

For restriction fragment length polymorphism (RFLP) tests, 10
microliters of PCR products were separately digested with 2.5 units
of HaeIII and HinfI restriction enzymes (Invitrogen) in a final vol-
ume of 20 lL for at least 2 h at the temperature recommended by
the suppliers. Restriction fragments were resolved by electrophore-
sis in 6% (w ⁄ v) acrylamide–bis acrylamide (19:1) nondenaturing
gels, 1· tris–borate EDTA (TBE), 0.1% (w ⁄v) ammonium persul-
fate, and 0.01% (v ⁄v) TEMED, at 120 V and ethidium bromide
stained. The fragment pattern sizes were determined by comparison
to the 100 bp DNA Ladder (Invitrogen).

DNA Sequencing and Sequence Analysis

In order to confirm the results obtained by PCR-RFLP analysis,
all PCR products were sequenced using DYEnamic ET Dye Termi-
nator Kit (GE Healthcare) and the same universal Cyt b primers
with a MegaBACE 1000 automated sequencer (GE Healthcare).
The nucleotide sequences obtained were analyzed by applying
blastn 2.2.16 (21) program against the database (GenBank, EMBL,
DDBJ, PDB).

Results and Discussion

Horse DNA Identification

Only blood and hair samples produced results in the 12 microsat-
ellites used for horses (ISAG). Identical genetic profiles were evi-
dent in blood and hair. By contrast, urine sample did not produce
any results, even though positive controls were seen. Several expla-
nations for negative results were possible, including low DNA qual-
ity in the urine sample, or the presence of inhibitors of the PCR
reaction in the template solution. We also considered that the spe-
cies origin of the urine was other than horse. For this last possibil-
ity, we proceed to amplify mitochondrial Cyt b to determine the
species origin of the urine sample.

Species-Specific Determination

To determine the species origin of the urine, we applied the
mtDNA Cyt b typing using a validated PCR-RFLP method (15).
All reactions resulted in a single fragment of the expected size
(c. 358 bp). The findings allowed rejection of several hypotheses:
the presence of PCR inhibitors, low quality or quantity of DNA
from urine sample. As a human source of urine is easily obtained
we included human DNA control.

Restriction fragment length polymorphism analysis of blood and
hair showed a perfect match to those from the equine DNA control.

FIG. 1—PCR-RFLP gel showing the band patterns obtained with the
digestion of the Cyt b PCR products from all casework samples. Lines 2–6
(HaeIII); lines 8–12 (HinfI) restriction patterns; lines 1, 7, and 13: MW;
lines 2 and 8: blood; lines 3 and 9: hair; lines 4 and 10: urine; lines 5 and
12: equine control; lines 6 and 11: human control; line 14: PCR without
digestion. As shown in the photograph, lines 4 and 10 showed the same band
patterns than the human control DNA (lines 6 and 11). Numbers on the
left and right side of the figure indicates the band sizes of the digested
PCR products in comparison to the molecular size marker (100 bp DNA
ladder).
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On the other hand, the band patterns obtained from urine resembled
those from the human DNA control (NZ1; Fig. 1). The applicabil-
ity of this method to the forensic field was demonstrated by simu-
lated casework conditions where different types of samples,
including problematic specimens such as hair, bone samples,
bristles, and feathers were investigated to identify the species
(15,20).

In order to confirm the PCR-RFLP results, Cyt b amplicons
from each casework sample were sequenced. The sequences
derived were used to identify their biological species origin by
aligning to the Cyt b gene sequence entries reported in public
nucleotide databases (Figs. 2a and 2b). Blood and hair sequences
were 99–97% identical to reported equine Cyt b (22; accession no.
AY819737, AY819736, and DQ236094), while those derived from
urine sample were 100% identical to human database sequences
(22; accession no. AY509658, EF495216, and EF495220) as is
shown in Figs. 2a and 2b.

In conclusion, we demonstrated that the alleged horse urine
was of a human origin, indicating the manipulation of samples.
This evidence supports the innocence of the breeder suspected of
horse doping.
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a)

b)

FIG. 2—DNA sequence alignments of the Cyt b sequences obtained from
the casework samples in comparison to the Cyt b sequences retrieved from
database. Dots indicate identity to the first sequence in a given nucleotide
position. Accession numbers are shown between brackets. Sequence results
from species controls DNA used in the PCR-RFLP analysis are included.
(a) Hair and blood consensus Cyt b sequence in comparison to reported Eq-
uus caballus Cyt b sequences: NZ6 (equine species-specific control),
AY819737, AY819736, and DQ236094. (b) Urine Cyt b sequence in compar-
ison to human Cyt b sequences: NZ1 (human species-specific control),
AY509658, EF495216, and EF495220.
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