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Introduction

Hair analysis is a diagnostic technique utilised in humans and
animals that can identify and assess past exposure of indivi-
duals, groups and populations to various harmful/toxic sub-
stances in the environment. Hair is a living tissue comprising
the follicle and the hair shaft. Three hair types occur in equi-
ne skin; the temporary coat hair, the permanent mane and tail
hair, and the tactile hairs around the muzzle and eyes. Hair is
predominantly protein, but contains many other components
including water, lipids, melanins and minerals. Equine hair
has a cyclical growth pattern, beginning with an extended
period of growth (anagen) during which the follicle actively
forms the hair shaft. After a non-growing phase (telogen),
shedding of the hair shaft is effected by the underlying for-
mation of a new hair shaft. Equine mane and tail grows at a
rate of 18-25 mm/month and varies with breed and anato-
mical location, but is not affected by change in season (Dun-
nett and Lees 2003). Residues of numerous harmful xenobio-
tics can be deposited in hair during the lifetime of the hair
shaft including prohibited substances (drugs), pesticides,
mycotoxins, heavy metals and other toxic elements, and plant
toxins. A single hair shaft sample, unlike a one-off blood or
urine sample, can discriminate between a single acute toxin
challenge, repeated dosing or chronic exposure. In contrast,
hair root analysis can identify recent acute exposure.

Prohibited substances

Various substances regarded as prohibited substances (drugs)
under equine competition rules can be present in equine
feedstuffs and supplements. They occur as natural consti-
tuents, or feed crop or manufacturing contaminants. Salicyla-
tes and dimethylsulphoxide (DMSQ), both anti-inflammato-
ries, are present in many equine feedstuffs and pasture spe-
cies. Salicylate is readily detected in hair, especially in horses
fed comparatively high alfalfa diets. Hair analysis can discri-
minate between horses on high and low salicylate-containing
diets. Morphine and codeine from Papaverum spp and atro-
pine and hyoscine Datura spp can contaminate feed crops
and grazing, and have been detected in post-race urine sam-
ples. Morphine has been detected in mane hair of horses
after up to 3 months after experimental administration at
doses of 0.1 and 0.7 mg/kg body weight, and morphine con-
tents in hair were correlated to dose (Beresford et al. 1998).
Codeine deposition has not been studied in equine hair,
however it has been detected in human and rat hair either
experimentally or in drug abusers (Charles et al. 2005,
Scheidweiler et al. 2005). Neither atropine nor hyoscine

Pferdeheilkunde 21

Equine Nutrition Conference Hannover 2005

appears to have been detected in hair from any species. Caf-
feine and theobromine are equine feed contaminants and
have been detected in tail hair (< 0.1 ng/mg) 13 months
after oral caffeine administration (Dunnett et al. 2002). Die-
tary supplements can be contaminated with anabolic steroids,
steroid hormone precursors and stimulants. Hair analysis has
been used fo detfect steroid administration in horses. Both
boldenone and stanozolol residues have been identified in
mane and tail hair up to 12 months after a one-off admini-
stration (Popot et al. 2002). Testosterone has also been
detected in equine hair after a single infra-muscular injection
(Popot et al. 2004). Although not sought in equine hair, sti-
mulants such as ephedrine have been found in hair of body-
builders (Dumestre-Toulet et al. 2002).

Pesticides

Pesticide deposition in hair has been studied in humans and
animals.  (Dauberschmidt and Wennig 1998) identified resi-
dues of DDE and other polychlorinated biphenyls (PCBs) in
human hair, and lindane and DDT residues were detected in
hair from children (Neuber et al. 1999) and dogs (Liv and
Pleil 2002). Covaci et al. (2002) observed greater residues of
PCBs, HCH and DDT in hair from occupationally exposed
subjects compared with non-exposed controls. Dioxin resi-
dues have also been identified in human hair, with residue
levels 2.5 times greater in occupationally exposed workers
than in the general population (Nakao et al. 2005). As yet,
few data exist to link hair pesticide residues to dietary expo-
sure. Despite the potential of hair analysis to identify pestici-
de exposure there are no reported studies of this in horses.

Heavy metals and other toxic elements

Hair analysis can evaluate human exposure to heavy metals,
including cadmium (Cd), lead (Pb), mercury (Hg), molybde-
num (Mo) and nickel (Ni) including relationships between
body burden, dosage, and toxicity, and residue levels in hair
(Shamberger 2002). Ward and Savage (1994) studied Pb,
Cd and Ni exposure in horses by hair analysis. Pb and Cd
levels in hair and blood arising from traffic pollution were ele-
vated and significantly correlated (r=+0.69). Anke et al.
(1989) observed increased (p<<0.01) hair Cd residues in hor-
ses grazing near metal smelters compared with those on
unpolluted grazing. Hair Mo concentrations in horses were
strongly correlated with dietary Mo intake (p<0.02) (Cape
and Hintz 1982). Wells et al. (1987) reported that hair Ni
contents were indicative of dietary Ni intake and that a direct
correlation existed between hair Ni contents in mares and
their foals on the day of foaling (p<0.02). Human hair ana-
lysis is a good indicator of dietary Hg exposure and is the
method of choice to identify exposure to methylmercury (Wil-
helm and Idel 1996), but there is no equivalent evidence in
horses. Selenium (Se) is readily detected in equine hair and
variation in concentration reflects differences in chronic expo-
sure to Se containing forage. Potentially toxic levels of Se in
blood have been correlated (r=0.76-0.96) with hair con-
centrations (Dewes and Lowe 1987, Witte et al. 1993). Hair
analysis for arsenic (As) has not been reported in horses, but
it has been used in the examination of As toxicosis in cattle.
Riviere et al. (1981) reported hair As levels of 0.80-3.40
ng/mg in affected cattle, in contrast to values of 0.09 — 0.10
ng/mg in randomly selected controls. In humans, As residues
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can be detected up to 30 days after they become undetecta-
ble in other tissues (Lin et al. 2004).

Mycotoxins

Hair analysis to detect mycotoxin exposure in horses has not
been reported, however two studies describe the detection of
fumonisins in human hair. Sewram et al. (2001) detected resi-
dues of fumonisins B1 and B2 (FB1 and FB2) in hair samples
from subjects in following chronic exposure to fumonisin con-
taminated maize. Acute exposure was also identifiable by
hair analysis, in rats, four weeks after administration of FB1 at
doses of 1 and 10 mg/kg body weight (Sewram et al. 2003).

Plant toxins

Plant toxicoses can arise from ingestion of poisonous plants
during grazing when normal pasture is starved or in preser-
ved forage. Common ragwort (Senecio jacobaea) poses the
most serious threat as this injurious weed is widespread and
contains hepatotoxic and carcinogenic pyrrolizidine alkaloids
(PA). As the greatest health risk from PA arises from chronic
ingestion, a retrospective test, such as hair analysis, would be
appropriate to monitor exposure. In a recent study, PA resi-
dues were absent in hair from horses with no known exposu-
re and from most with suspected exposure, however PA resi-
dues were tentatively identified, at concentrations up to 250
pg/mg, in sequential hair sections from one horse. Data sug-
gested of ragwort ingestion 20 months prior to hair sampling.

Discussion and conclusions

Hair is a unique biological matrix for the retrospective deter-
mination of exposure to a range of ingested toxins. Continu-
ous growth of mane and tail hair produces a permanent long-
term historical record of exposure which can be studied in
further detail if sectional analysis of the hair shaft is perfor-
med. However, several tissue specific factors may need to be
considered when interpreting hair analysis data. Hair colour
greatly effects drug residue levels measured in equine hair.
Black hair can contain concentrations up to forty-fold greater
than white hair (Dunnett et al. 2004). However, hair colour
can have both positive and negative effects on residue levels
of some toxic elements (Asano et al. 2005). Given the natu-
re of the hair growth cycle, telogen hair is considerably older
than anagen hair and lacks a vascular supply. Excess num-
bers of telogen hairs in samples can distort residue distribu-
tion profiles and artifactually reduce measured values. Unlike
urine, which mainly contains drug metabolites, parent drugs
are predominantly detected in hair. In conclusion, hair analy-
sis in horses has the potential to be an effective means of
identifying past exposure to a range of dietary toxins.
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Introduction

Feeding feeds rich in fat and fiber (FF) may avoid the adver-
se effects on insulin sensitivity and insulin signaling associa-
ted with chronic adaptation to meals of grain and molasses
(starch and sugar, SS) (Hoffman et al. 2003; Treiber et al.
2005a). This adverse effect of SS has been observed in
resting horses but not when they are physically conditioned
(Treiber et al. 2005b). It was revealed, however, when the fit
horses were subjected to endurance exercise on a treadmill—
insulin sensitivity and related variables were lower in horses
adapted to SS compared to FF (Treiber et al. 2005b). The
present study tested the hypothesis that insulin sensitivity
would be lower in horses adapted to SS than those adapted
to FF during an endurance race.

Material and Methods

The effects of feeds rich in starch and fat on insulin sensitivity
were compared in 40 endurance horses during an 80 km
race in 3 dietary groups: one experimental feed (SS) was rich
in starch (33%), low in fat (8%); another (FF) was low in starch
(6%) and rich in fat (15%); and commercial concentrates
(CC) were intermediate in starch (16%) and fat (11%). Feeds
were isoenergetic (~3.3 Mcal/kg DM) and isonitrogenous
(~12% CP). Horses were fed 1.7 to 5.1 kg/d with hay ad libi-

Pferdeheilkunde 21

Equine Nutrition Conference Hannover 2005

Witte S. T, Will L. A., Olsen C. R., Kinker J. A. and Miller-Graber P.
(1993): Chronic selenosis in horses fed locally produced alfalfa
hay. J Am Vet Med Assoc 202, 406-409

M. Dunnett

Equine Reserach and Diagnostics

PO Box 319, Bury St. Edmunds, Suffolk, IP28 6SY UK
info@erd.uk.com

tum for 3 mo prior to the race. Blood samples were taken the
day before the race (PRE), within 3 minutes of arrival at each
vet check (after 27, 48, 80km), and three hours post com-
pletion or elimination. Plasma samples were analyzed for glu-
cose, insulin, cortisol, CK and AST. A proxy for insulin sensiti-
vity as measured by the minimal model was calculated: RISQI
= (1/sqrt [insulin])(Treiber et al. 2005c). Also, a proxy for
pancreatic B-cell response to plasma glucose was calculated:
MIRG =[ 800-0.30([insulin] -50)?]/[glucose - 30](Treiber et
al. 2005¢). Effects of sampling time, completion of the ride,
treatments and interactions were evaluated by ANOVA in a
mixed model with repeated measures; non-parametric
ANOVA compared finishers and eliminated horses for gluco-
se, insulin, RISQIl and MIRG.

Results

Reasons for elimination of 15 of the 40 horses (37.5%) were
lameness (3: 1FF, 2 CC), exertional rhabdomyolysis (2: 1 CC, 1
SS), failure to recover heart rate in 30 min (3: 2 SS, 1 CC), labi-
le heart rate (2: 1 FF, 1 SS), arrhythmias (2: 1 FF, 1 CC), slow
gut sounds (1 CC), sore back (1 FF), and rider option (1 CC).

Eliminated horses had overall lower (P=0.037) RISQI
(0.26=0.01 mU/L-0.5) than finishing horses (0.29+0.01
mU/L-0.5). Eliminated horses had overall higher (P=0.015)
insulin (21.14=1.7 mU/L) than finishing horses (15.19=1.0
mU/L). Eliminated horses had higher insulin specifically at 48
km (P=0.012) and at REC (P=0.002) compared to finishing
horses. Eliminated horses (analyzed without the rhabdomyo-
lysis cases) had higher CK at 48 (P<0.001), and recovery (P
<0.001) than finishing horses. Eliminated horses (analyzed
without the rhabdomyolysis cases) had higher AST at 48 km
(P=0.005), and recovery (P<0.001) than finishing horses.
Eliminated horses had overall higher cortisol (131.1+10.2
ng/dl) than finishing horses (119.9+4.7 ng/dl). Specifically
at recovery cortisol was lower (P=0.005) in finishers than eli-
minated horses.

Increases were found in plasma CK, AST, cortisol, and RISQ,
and decreases in insulin and MIRG with sampling time
(P<0.005). Horses fed SS and CC had overall lower
(P=0.019) RISQI than FF fed horses. MIRG, however just had
a trend to be lower (P=0.088) in FF fed horses compared to
SS and CC fed horses. Horses fed SS (17.7=1.6 mU/L) and
CC (18.6+1.8 mU/L) feeds had overall higher insulin than
FF (13.6+0.9 mU/L) fed horses.
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Horses on SS diets had higher plasma CK (115165116
IU/L) than FF (514=34 IU/L) or CC (461=40 IU/L) diets (P
< 0.001). Eliminated horses on SS diet had the highest CK
values compared to all other horses (P<0.001). Horses on SS
diets had higher plasma AST (669+=163 IU/L) than FF
(273=7 IU/L) or CC (2807 IU/L) diets (P<0.001).

Discussion

The results of this study suggest that insulin resistance can be
a determining factor in the elimination of horses during end-
urance races. Furthermore, supplementation with feeds high
in fat and fiber can attenuate insulin resistance as shown by
a higher RISQI in FF fed horses.

Two horses were eliminated with signs of rhabdomyolysis and
eliminated horses had higher muscle enzymes at 27, 48 km
and at recovery. Higher enzymes were also found in SS fed
horses. High fat/ low carbohydrate diets have been shown to
lead to lower muscle enzymes after exercise in severely affec-
ted horses with recurrent rhabdomyolysis cases (McKenzie et
al. 2003). Such diets have been recommended to reduce
rapid glycogen synthesis in horses with polysaccharide stora-
ge myopathy (Annandale et al. 2004). Excitable horses are
also more prone to rhabdomyolysis, and they may become
calmer when fat adapted (Holland et al. 1996).

Higher plasma cortisol levels in eliminated horses indicate that
eliminated horses were more stressed than finishers. Also diets
rich in starch have been shown to increase cortisol during
exercise, due to increased excitement (Slade et al. 1975,
Crandell et al. 1999). Cortisol increases insulin resistance
(Guyton and Hall 2001), which is could be compensated for
with increased insulin secretion as observed in this study.

Exercise usually enhances insulin sensitivity (Brun et al. 1995;
Powell et al. 2002). During exercise, glucose transport is dri-
ven by the Ca®™" mediated GLUT-4 transport in addition to
the insulin mediated GLUT-4 transport (Richter et al. 2004)
leading to increases in insulin sensitivity. In all horses proxies
indicated that insulin sensitivity increased with exercise
throughout the race. In eliminated horses however, insulin
sensitivity was overall lower. No differences in plasma gluco-
se were found despite differences in insulin sensitivity, a result
of compensation by an increased insulin response (MIRG).

Higher insulin could lead to decreased lipolysis (Salfiel and
Kahn 2001) decreasing fatty acid oxidation during exercise,
and contributing to decreased performance and elimination
as observed in this study.

Lower insulin sensitivity (RISQI) in SS and CC horses, and in
eliminated horses indicated that insulin resistance (low RISQI)
was attenuated by fat and fiber feeding and also decreased
the likelihood of elimination. Higher insulin sensitivity in finis-
hers and fat and fiber fed horses may have allowed a more
efficient glucose uptake by muscles, allowing energy to be
obtained through fatty acid oxidation.

Conclusion

Fat and fiber feeding could avoid insulin resistance, impro-
ving the efficiency of energy utilization and performance of
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horses during endurance races. FF feeds could also reduce
excitement and avoid increases in muscle enzymes. This stu-
dy presents the first results to show a potential link between
insulin resistance as a cause or effect of elimination during an
endurance race.
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