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Introduction 

C
affeine, theophylline, and theobromine are natu
rally occurring xanthine alkaloids with significant 
pharmacologic activities. Theobromine occurs 

widely in certain animal feed materials, while caffeine 
is sometimes found in certain food supplements. More 
importantly, caffeine is the most widely used psy
choactive agent in humans and is ubiquitous in the 
environment of most domesticated horses. 

The pharmacological effects of these agents include 
stimulation of the central nervous system (CNS) and 
cardiovascular system, increased metabolic rate, bron
chodilation, and diuresis. Caffeine has !11e most marked 
CNS effects, theophylline has the most marked bron
chodilator effects, and theobromine is primarily associ
ated with diuretic responses. 

The Association of Racing Commissioners Inter
national (ARCI) drug classification system lists caffeine 
as a class 2 agent, theophylline as a class 3 agent, and 
theobromine as a class 4 agent. As such, caffeine is an 
agent with 'high potential" to affect the outcome of a 
race, theophylline is an agent with lesser (but signifi
cant) potential, and theobromine has the least perfor
mance-improving potential of these three agents. 

These agents are relatively well absorbed after oral 
administration, attain significant plasma and urinary 
concentrations, and are only slowly cleared by the 
horse. Detection of residues of these agents for a week 
or longer after clinical doses or after environmental 
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Caffeine, t11eophylline and theobromine are 

naturally occurring members of tile metliylxontl1ine 

family; pentoxi[ylfine, dyphylline and enprofylline are 

structurally related synthetic pharmaceuticals. Caffeine 

has predominantly central nervous system effects, 

theophylline, dyphylline and enprafyfline have 

predominantly bronchodilator effects, while 

theobromine is associated with diuretic responses. 

Pentoxifyl/ine is thought to increase red cell 

dejormability and facilitate blood flow through 

capillary beds. The mel/1ylxanthines are not /Jighly 

potent agents; they are typicol/y administered in gram 

doses and they tend to have relatively long plasma 

ho{f-lives. They remain detectable in plasmo and urine 

for relatively long periods. Similarly, traces of the 

naturally ocrnrring members of this family are not 

uncommonly identified in forensic samples. In this 

review we report on the detection, actions, uses and 

regulatory control of this group of agents in 

performance horses. 

contamination are not uncommon. In general terms, 
the frequency of identification of these agents depends 
on the sensitivity of the analytical method used. If high
ly sensitive (low nanogram/ml limit of detection) ELISA 
screening methods are used, a substantial fraction of 
·normal' post-race urine samples may be expected to
contain identifiable concentrations of caffeine.

Contamination of equine feed with cocoa husk gen
erated large numbers of theobromine identifications 
during the 1970's and 1980's in England and Ireland. 
Research showed that it would be difficult for feed man
ufacturers to eliminate theobromine from their manu
facturing systems. Therefore, a threshold for theo
bromine in equine urine was set at 2,000 ng/ml to reg
ulate the substance in racing horses in t11e British Isles. 
Work in the Far East, where caffeine contamination of 
feedstuffs is not uncommon, has led to suggested 
thresholds for caffeine of 10 and 30 ng/ml in plasma 
and urine, respectively. 

Related methylxanthines not found in nature are 
marketed as pharmaceuticals in human medicine and 
may also be used in veterinary medicine. Pent
oxifylline, a theobromine derivative, is used in the treat
ment of intermittent claudication in humans. It is 
thought to increase the flexibility and motility of ery
throcytes. In equine medicine, pentoxifylline is used to 
treat navicular disease and laminitis and has also been 
suggested as a prophylaxis of exercise-induced pul
monary hemorrhage. Dyphylline is chemically and 
pharmacologically similar to theophylline and has been 
used as a bronchodilator in humans. However, it is only 
one fifth as potent as theophylline. On the other hand, 
enprofylline is more potent than theophylline as a bron
chodilator and is used extensively in human medicine 
in Europe for the treatment of asthma. 

The Methylxanthines: Natural 
Sources 

Caffeine, theophylline, theobromine, and paraxan
thine are classified as methylxanthines (Fig. 1 ). As such, 
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they are closely related chemically and pharmacologically and are com
monly found in many plants world-wide. Tea leaves and coffee beans 
contain caffeine and small amounts of t11eobromine and t11eophylline. 
Cocoa and chocolate, produced from the seeds of Theobroma cacao, 
contain theobromine and some caffeine. Tl1eobromine comprises about 
2.00/o of the dry weight of the cacao bean and 0.470/o of the cacao 
husk. The cola nut, a presumed ingredient of Coca-Cola and some other 
cola drinks, contains considerable amounts of caffeine. More than 60 
plant species throughout the world have been identified as containing 
caffeine.1 Theophylline occurs in some hollies, and theobromine occurs 
in species of Theaceae, Sterculiaceae, Sapindaceae, and Aquijro/iaceae.2 

Methylxanthines are readily absorbed after oral, rectal, and par
enteral administration and share several pharmacological actions of 
importance. They relax smooth muscles, notably bronchial muscles that 
surround respiratory airways; they stimulate the central nervous system, 
increasing spontaneous activity;' they stimulate cardiac muscle; and 
they increase urine production by the kidneys. 

Caffeine 
Ingestion of caffeine (Fig. 2) by humans causes increased alertness, 

reduced drowsiness, and clearer thought. Although several scientific 
studies have shown the performance-enhancing effect of caffeine in 
l1uman athletes,'• the agent impairs coordination and task perfor
mance. Higher doses of caffeine increase CNS stimulation, resulting in 
progressive nervousness, anxiety, insomnia, and convulsions. Caffeine 
increases the muscle tension generated by submaximal impulses but 
does not alter the strength of maximal voluntary contractions.' Caffeine 
does not improve short-term or maximal power output in humans, and 
its effect on endurance performance is equivocal.•·• 

In horses, caffeine potentiates fentanyl-induced locomotor activity 
(Fig. 3); however, the effect is short-lived and apparent only after intra
venous administration.' One study showed improved running perfor
mance, as assessed by timed runs, following subcutaneous injection of 
2.5 and 5.0 g of caffeine; however, the running speeds in the trials were 
submaximal. Heart rates during submaximal exercise and recovery are 
l1igher after caffeine administration than during control trials. 10 

Pharmacological Thresholds 
Comparison of the plasma concentrations of caffeine in horses after 

IV administration with behavioral responses to this agent reported by 
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FIG. 3 - Locomotor response in horses (n=4) injected with caffeine (4 
mg/kg, IV) and followed by fentanyl administration 0, 4, 10, and 72 
hours later. 
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FIG. 1 - Structures of the naturally occurring methylxanthines. 

FIG. 2 - Structure of caffeine. 
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FIG. 4 - Mean plasma and urinary concentrations following IV caf
feine administration (n=4). Inset: Expanded plot of plasma and urine 
concentrations during the first 2 hours after dosing. Bottom panel: 
mean pH of urine after dosing (n=3). 
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FIG. 5 - Mean plasma and urine concentrations following oral 
administration of caffeine (4 mg/kg). Inset: Expanded plot taken dur
ing first 6 hours after dosing. Bottom panel: Mean pH of urine (n=4). 

Greene et al.' suggest that plasma concentrations of less than 
300 ng/ml are unlikely to be associated with any measured 
pharmacological effect on behavior (Fig. 4). Based on the ubiq
uitous presence of caffeine in the environment, identification 
of a "No Effect Threshold" for a pharmacological effect on per
formance would be one approach to the problem of detection 
of very low concentrations of caffeine and its metabolites in 
post race plasma and urine samples. 

Metabolism of Caffeine 
The metabolism and elimination of caffeine in the horse 

has been studied most extensively in England, where the acci
dental inclusion of cacao husks in horse feed has caused a 
number of chemical identifications for these agents. Among 
the reasons that caffeine is a forensic problem are its ease of 
detection, its long plasma half-life (approximately 18 hours), 
and its metabolism to other readily detectable compounds like 
theobromine, theophylline, and various other derivatives. 
Traces of theobromine have been detected in horse urine ten 
days after treatment with caffeine.'' 

Analytical Detection of Caffeine 
Caffeine is readily detectable in equine plasma and urine 

after liquid/liquid extraction with dicl1loromet11ane and gas 
chromatographic analysis, with a sensitivity down to 1.0 ng of 
caffeine. Using this method, Greene et al.' recovered 96% of 
caffeine from plasma and 880/o of caffeine from urine. After IV 
injection (4 mg/l<g}, caffeine reached a peak plasma concen
tration (10,000 ng/ml) within 5 minutes of administration and 
remained detectable for up to 9 days in plasma. The terminal 
elimination half-life of caffeine after intravenous administration 
was 18.2 hours. Peak caffeine concentration in urine (> 10,000 
ng/ml) was reached at the first sampling (1 hour), and caffeine 
concentrations were also detectable for up to 9 days in urine. 
Urine concentrations of caffeine were consistently about three
fold greater than and parallel to plasma caffeine concentra
tions. The parallel declines of urine and plasma caffeine con
centrations indicated that caffeine was being excreted in the 
urine at a rate similar to its elimination from the plasma. 

After oral administration of caffeine (4 mg/kg}, peak plasma 
concentration of caffeine (2,700 ng/ml) was reached 2 hours 
after administration and decreased until it was no longer 
detectable by 6 days after dosing. Mean urinary concentration 
was 4,100 ng/ml at 1 hour and increased to 7,200 ng/ml at 6 
hours after dosing. Thereafter, urinary caffeine concentrations 
decreased until no agent was detected at 8 days after admin
istration. The terminal elimination half-life of orally adminis
tered caffeine was 42 hours. In all horses tested (n=4}, caffeine 
remained above the lower limit of detection in the urine for an 
equal or greater time than it was in plasma. 

The relationship between urine and plasma concentrations 
of caffeine after oral administration was not constant as it was 
following IV administration. Initially, urine concentration of caf
feine was greater (similar to IV administration); however, at 28 
hours post-dosing, urine and plasma caffeine concentrations 
were virtually the same. After 48 hours, urine concentrations 
of caffeine were less than plasma concentrations and remained 
less for subsequent samples. The lower plasma concentrations, 
and t11e apparently longer plasma half-life of caffeine following 
oral administration suggest that caffeine may be slowly and 
incompletely absorbed from the GI tract. The bioavailability of 
caffeine following oral administration to horses was 39% (Fig. 
5).' 

In a more recent pl1armacokinetic study of caffeine in hors
es, 12 the agent was determined using an enzyme-multiplied 
immunoassay technique. The mean caffeine recovery from 
serum was 910/o. The limit of detection of the assay (the low
est concentration with a signal-to-noise baseline >3) was 81 
ng/ml, and the limit of quantification (the lowest concentration 
with a signal-to-noise baseline > 10) was 270 ng/ml. After IV 
administration of 500 mg caffeine (dose range 0.82 to 1.8 
mg/kg}, the mean terminal elimination half-life was 10.2 hours. 

Caffeine is ubiquitous in the human environment in the 
United States and other developed coun
tries, being present in coffee, tea, cocoa, and 
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Inadvertent contamination of horse feed 
with caffeine and theobromine is a growing 
concern among racing authorities. The 
Malayan Racing Association (MRA), the 
organization that controls horse racing in 
Malaysia and Singapore, has established a 
threshold concentration for caffeine in plas
ma at 10 ng/ml. 

Caffeine metabolites would be expected 
to be more abundant in urine than caffeine 
itself, since the chemical nature of these 
compounds causes caffeine to be reab
sorbed into the blood from the glomerular 
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filtrate more readily than the metabolites. In fact, caffeine is only 2 to 5% of the total 
excretory products following caffeine administration, with the dimethylxanthines (theo
pl1ylline, theobromine, and paraxanthine}, metabolites of caffeine breal<down, repre
senting about 30% of the excretory products. 

However, the opposite effect is true in blood, with the concentration of caffeine being 
much higher than the concentrations of any metabolites. The concentration of caffeine 
in blood determines the concentration of those agents in saliva and, supposedly, in 
sweat, altho.ugh no scientific studies on the concentration of caffeine in sweat have 
been completed. 

Under conditions of moderate to high ambient temperatures, sweating in humans is 
continuous. Any caffeine in the blood would be continuously transported to the surface 
of the skin, and the quantity of caffeine on the skin would steadily increase and remain 
on the skin until wasl1ed away. Obviously, the degree of personal hygiene would be a 
major determinant of the quantity of caffeine present on a person's skin (personal com
munication, Dr. M.S. Moss) Mild sweating over several hours followed by profuse sweat
ing would produce sweat droplets that contained concentrations of caffeine much high
er than the concentration of caffeine in blood (personal communication, Dr. M.S. Moss} .. 
considering the extreme sensitivity of modem detection methods for caffeine, only a 
few nanograms of contaminant in urine could produce a chemical identification. In 
1972 the International Olympic Committee (100 removed caffeine from its list of pro
hibited agents, reasoning that caffeine was a common constituent in the diet of many 
athletes. However, because of increased use of caffeine by athletes, the IOC has recent
ly barred caffeine at concentrations greater than 15,000 ng/ml in plasma samples. Such 
a large concentration of caffeine in plasma is thought to be attainable only following 
caffeine administration by injection or suppository.' 

Theophylline 
TI1eophylline (Fig. 6} is a potent broncl1odilator medication for human asthmatic sub

jects;' however, there is no evidence of a significant bronchodllator effect on human 
subjects without asthma. There is also no evidence that theophylline administration 
improves human physical work capacity, maximal oxygen consumption, reaction time, 
or muscular performance of long bone skeletal muscles (e.g., quadriceps},' although 
recent studies indicate that theophylline does enhance the strength and endurance of 
respiratory skeletal muscles (diaphragm}.' Although theophylline has significantly 
increased heart rate in some studies of human athletes,• this is not a consistent finding. 
Furthermore, an agent that elevates heart rate would not appear to be beneficial to per
fonmance. 

In horses, theophylline, like caffeine, is also a CNS stimulant and diuretic. In studies 
using horses, theophylline has been shown to decrease pulmonary resistance and to 
increase dynamic compliance, respiratory rate, heart rate, and excitement in resting 
ponies with chronic obstructive pulmonary disease (COPD}. All effects were dependent 
on varying minimal plasma theophylline concentrations, the lowest mean minimal con
centration (for decreased pulmonary resistance} being 59 µmol/liter (10.2 mg/I}. This 
value was similar to an early study that determined a minimal plasma theophylline con
centration of about 55 µmol/liter (10 mg/I} for bronchodilation in horses. This is in com
parison witl1 a plasma concentration of 55 to 111 mmol/liter (1 O to 20 mg/I} for opti
mal management of chronic asthma in humans.' 

Another study in healthy Standardbreds exercised on a treadmill showed that heart 
rate and plasma lactate concentration during exercise were significantly elevated when 
compared to similar values during exercise without theophylline administration.' The 
increased heart rate was attributed to either a direct chronotropic effect of the agent on 
the myocardium or mediated by an increased catecholamine release from the adrenal 
medulla. The increased plasma lactate concentration indicated an increased depen
dency on glycolytic energy metabolism either due to a theophylline-related stimulation 
of enzymes involved in glycolysis or an insufficient oxygen supply to the exercising 
muscles. The study also showed a higher respiratory quotient (RQ} during exercise fol
lowing theophylline administration when compared to control exercise. The higher RQ 
indicated that less fat and more carbohydrate was being utilized for fuel. This is in con
trast to the effect of methylxanthines on the metabolism of humans, where there is 
increased utilization of fats following administration of caffeine and theophylline. 

Partial pressure of arterial oxygen (Pa02} was unaffected during exercise in horses; 
however, Pp

2 
was increased following exercise. Similarly, the partial pressure of car

bon dioxide (P
aC00 was unchanged during exercise; however, before exercise and fol

lowing exercise PaC02 
was significantly lower than baseline values. Toe altered blood 

gas values after theophylline administration suggest that pulmonary ventilation was 
increased at rest, which was consistent with previous studies of humans and animals.•·19 

Additionally, tidal volume was significantly increased by theophylline. 
Furthermore, arterial pH was lower during the work after theophylline administration 

than during exercise without theophylline. The lowered pH was at least partially due to 
the increase in lactic acid production. The authors" concluded that the increased heart 
rate and the increased lactate production associated with theophylline administration 
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FIG. 6 - Stru�ture of theophylline.

FIG. 7 - Structure of theobromine. 

FIG. 8 - Structure of dyphylline. 

FIG. 9 - Structure of enprofylline. 

FIG. 1 O - Structure of pentoxifylline. 
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were negative influences on exercise tolerance in the normal l1orse. 

Theobromine 
Theobromine (Fig. 7) is a common contaminant of horse feeds. Over the 

past 20 years in Great Britain, theobromine has been the most frequently 
detected prohibited substance in the urine of race horses. The source of this 
agent has generally been traced to processed animal feed. The results of one 
study to determine the incidence of theobromine contamination in horse feed 
showed that about 70% of the feed samples contained theobromine in con
centrations up to 1 mg/kg.'0 

Other products that have been identified as sources of theobromine in hors
es have been chocolate candy bars as treats and feed comprised of bakery 
waste containing chocolate products. One trainer was disqualified after giving 
his horse a packet of cocoa-flavored instant breakfast drink.' Another unusual 
source of theobromine has been Doan's Pills, a human back medication con
taining theobromine and salicylate for back pain." 

The effect of th�obromine on performance of race horses is unknown. Like 
other methylxanthines, theobromine is a bronchodilator and a cardiac stimu
lant." The agent also causes stimulation of the CNS, induces diuresis, and 
increases basal metabolic rate. 

The discovery of trace amounts of tl1eobromine in urine of racehorses 
prompted the development of an analytical method to detect the agent at low 
concentrations in horse feed. Taylor" refluxed feed samples with distilled 
water and passed the extracted solution througl1 a glass column filled with a 
silica gel in chloroform. TI1eobromine was eluted with a chloroform/propan-2-
ol mixture, then tl1e eluate was analyzed using high-performance liquid chro
matography (HPLC). Theobromine in animal feeds was determined at concen
trations as low as 2 mg/kg. 

In a personal communication cited in Haywood et al.20 Dr. Brian Cooke of 

Dalgety Agriculture Ltd. stated that theobromine can be excluded from man
ufactured feed at concentrations above 0.8 mg/kg. When feed containing 
theobromine at concentrations less than 0.8 mg/kg was fed to horses, theo
bromine was not found at concentrations greater than tile limit of detection of 
tile method. Incidentally, European Community (EC) directives allow tl1eo
bromine to be present in feedstuffs for horses up to a concentration of 300 
mg/kg. 

In that study, feed containing theobromine at a concentration of 1.2 mg/kg 
was fed to three horses for 4 days. A maximum theobromine urinary concen
tration of 550 ng/ml was detected. From this work and to allow a reasonable 
margin for variations in urinary excretion in individual animals, the Jockey 
Club of Great Britain and other European racing authorities established a urine 
threshold concentration for theobromine of 2,000 ng/ml. 

In a later study," urinary theobromine concentrations were measured in 
horses offered feed containing theobromine (19.2 mg/kg) twice a day for 2.5 
days. Maximal theobromine concentration in urine (6,020 ng/ml) was mea
sured 4 hours after the last feeding, and theobromine was detectable in urine 
6 days after the last feeding in two of five horses. It was concluded that at least 
2 days were required after the administration of feed containing EC-permitted 
concentrations of theobromine for the concentration of theobromine in urine 
to fall below the threshold value of 2,000 ng/ml. Theobromine concentration 
in plasma was also determined with a detection limit of 100 ng/ml. In none 
of the cases could theobromine be detected in plasma. Furthermore, the 
excretion rate of theobromine was determined to be highly variable, with the 
time to peak excretion 2 to 12 hours after the final feeding." 

TI1e excretion of caffeine, and probably other methylxanthines, is urine
flow rate dependent." Human volunteers were given a caffeine-containing 
beverage, and half were given a diuretic 2 hours later. There was no signifi
cant difference in tile urine caffeine concentration between volunteers receiv
ing the diuretic and those that received only tile caffeine-containing beverage. 
Many horses receive furosemide treatment before a race, and diuretics may 
decrease the concentration of some agents in urine. However, because of the 
correlation between urine flow and theobromine excretion rate, it appears that 
furosemide or other diuretics will not artificially reduce theobromine concen
trations in urine. 

Metabolism of the Methylxanthines 
Three major enzymes, cytochrome P450-1A2 (CYP 1A2), N-acetyltrans

ferase, and xanthine oxidase are responsible for generating the wide range of 
caffeine metabolites in the human25 and, presumably, in the horse. CYP 1 A2 
primarily transforms the majority of the parent compound by demethylation 
and oxidation to paraxanthine (17X) (Fig. 1 ), which is further converted to the 
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TABLE 1 primary urinary metabolites 1-
methyluric acid and 1-methylxan
thine. Theobromine (37X) and theo
pl1ylline (BX) are formed by minor 
pathways. N-acetyl transferase and 
xanthine oxidase enzymes metabo
lize theophylline and give rise to 
other metabolites in lower concen
trations to complete the extensive 
metabolite profile that has been 
reported in the horse.2• 

REPORTED CLINICAL DOSE, MINIMAL EFFECTIVE PLASMA CONCENTRATION, PLASMA HALF-LIFE, 
AND DETECTION TIMES FOR METHYLXANTHINES IN A 500 KG HORSE 

1.5 - 6.0 g 10,000- 9.7 - 19.3 hr 4 days• 

20,000 ng/ml 

N/A N/A N/A 10 days 

5.0 g 10,000 1.9-2.9 hr 4 days• 

20,000 ng/ml 

N/A N/A < 2.0 hr N/A 

(human t,,,) 

2.0 - 4.0 g• N/A N/A 2 days• 

Theophylline, whether produced 
by caffeine metabolism or adminis
tered as a parent compound, is fur
ther metabolized by CYP 1 A2 or the 
ethanol-induced CYP 2El to 1,3-
dimethyluric acid. Theobromine is 
also subject to the same sequence 
of enzyme degradation as theo
pl1ylline to create another metabo
lite of the xanthine family, 3-
methylxanthine. 

*Canadian data; NIA = not available

TABLE 2 

Moss20 reported on the metabo
lism of caffeine specifically as it per
tains to the horse. This researcher 
also discovered many metabolites 
in equine urine that had previously 
been detected in human urine. 
Positively identified metabolites of 
caffeine included 1,3- and 1,7-
dimethyluric acids, 1,3,7-trimethy
luric acid, and all three dimethylx
anthines as well as caffeine. The 
1,3,7-trimethyldihydrouric acid, 1,3-
dimethylhydrouric acid, and urea 
were tentatively confirmed. Also, it 
is important to note that none of 
these compounds was conjugated 
in equine urine, which would sup
port the theory that caffeine metab
olism is confined to the phase I 
cytochrome P450 enzyme system 
and does not employ any of the 
phase II (glucuronyl transferase or 
sulfotransferase) systems. 

CLINICAL AND FORENSIC CORRELATES OF SELECTED METHYLXANTHINES IN THE HORSE 

Dyphylllne (Dilor, Lufyllin) 
Dypl1ylline (Fig. 8), 7-(2,3-dihydroxypropyl) theo

phylline, is chemically similar to theophylline (Fig. 6) and 
has been used in the past as a bronchodilator in the treat
ment of asthma, but it appears to be only one fifth as 
potent.21 The phannacokinetics, efficacy, and disposition 
of dyphylline in the horse have not been extensively 
investigated. However in one experiment, Ayers et al.'8 

compared the efficacy of theophylline and dyphylline in 
horses and showed that, while theophylline caused sig
nificant increases in heart rate, dyphylline did not. Oral 
preparations are not completely absorbed in the human, 
and the compound has a relatively short half-life of 2 
hours. The literature indicates that dyphylline is excreted 
unchanged in the urine after administration and is not 
converted to theophylline.28 

Enprofylline 
Enprofylline (Fig. 9) (3-propylxanthine) is more potent than 

theophylline as a bronchodilator in the treatment of asthma. In 
Europe, this agent is used extensively in humans and causes 
fewer side effects than theophylline, such as impaired CNS and 
renal functions and gastric disturbances.21 At least 900/o of enpro
fylline is excreted unchanged in the urine,. The number of post
race enprofylline identifications in horses during the past 5 years 
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2,000 (Urine) 
International 

3 

4 

3 

Not Classified 

3 

TABLE 3 

sources 

Medication 

residue 

Feed stuff 

contaminant 

NUMBER OF IDENTIFICATIONS OF XANTHINE AGENTS REPORTED BY THE 
ASSOCIATION OF OFFICIAL RACING CHEMISTS (AORC) LABORATORIES 

FOR 1993 TO 1995. 

has been limited since the agent is not yet commercially available 
in the United States. 

Pentoxifylline (Trental) 
A derivative of theobromine, pentoxifylline (Fig. 10) (1-[5-oxo

hexyl]-3,7-dimethylxanthine) is currently used as a treatment for 
human patients with intermittent claudication due to chronic 
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METHYLXANTHINES 

Continued 

occlusive arterial disease." Intermittent claudication is cl1aracterized 
by increased blood and plasma viscosities, decreased erythrocyte 
deformability or flexibility, and decreased capillary blood flow to dis
tal limbs resulting in reduced tissue peIfusion. Long term treatment 
with pentoxifylline improves the clinical responsiveness in patients 
by increasing the flexibility and motility of erythrocytes, reducing 
blood viscosity, decreasing platelet aggregation, decreasing fibrino
gen levels, and inhibiting the action ·of inflammatory cytokines. 

In horses, pentoxifylline is used to treat the signs of navicular dis
ease. One of the proposed causes of navicular disease is the forma
tion of thrombi in the navicular arteries, which reduces blood supply 
to the navicular bones.3° lschemia leads to ulceration and erosion of 
bony tissue causing lameness. Although no scientific studies have 
shown beneficial effects from pentoxifylline treatment in horses with 
navicular disease, an agent that increases microcirculatory blood 
flow could halt or even reverse the effects of navicular disease,' 
assuming navicular disease is a result of decreased blood flow. 

Pentoxifylline is extensively metabolized in humans with seven 
metabolites recovered from urine and/or serum. The carboxylic acid 
metabolites are most prevalent in urine of humans wit11 demethy
lated and dihydroxy metabolites present in minimal amounts. 

The relative amounts of metabolites detected in horse urine sam
ples after pentoxifylline administration are different from those 
found in human urine. The most abundant metabolite is the 
demethylated metabolite, 3-methyl-1-(5-oxohexyl)-xanthene (MOX), 
which accounts for 80% of the total metabolites/parent material col
lected. The large amount of this metabolite indicates that the bio
transformation is primarily due to the xanthine moiety rather than 
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its side chain. This suggests a 111etabolic similarity to other xanthines 
in humans such as theophylline, theobromine, and caffeine.' 

In metabolic studies of pentoxifylline in l1umans, 60% of the total 
administered dose was excreted in the urine as parent material and 
its metabolites. In contrast, less than 10% of the administered pen
toxifylline was excreted in urine of horses. As an explanation for this, 
the presence of feed conco111itant with pentoxifylline administration 
may have reduced the r.ate and the amount of agent absorption. 
Furthermore, t11e faster gastric emptying rate for horses may have 
decreased absorption. It is also possible that the bulk of the agent 
may be distributed to the bile and subsequently eliminated in the 
feces. 

The information contained in this review is summarized in Tables 
1-3. Table 1 contains the range of normal clinical doses of the
met11ylxanthines, the estimated plasma concentration necessary for
a pharmacological effect, the plasma half lives of the agents, and the
reported time for whicl1 each agent can be detected following
administration. Table 2 contains the ARCI classifications for each
methylxanthine, likely inadvertent sources of contamination, and
the plasma and urine thresholds of each agent where such thresh
olds have been accepted. Table 3 shows the number of times an
identification was reported and/or regulatory action was taken for
these agents during 1993 to 1995. -1-
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