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SUMMARY: 26 

Dexamethasone (DXM) sodium phosphate is a widely used corticosteroid for inflammatory 27 
conditions in horses, regulated in racing jurisdictions in the United States by a 0.005 ng/mL 28 
serum/plasma threshold.  This study seeks to describe serum concentrations of DXM at 48 29 
and 72 hours after intravenous administration of 20 mg DXM sodium phosphate over 1 to 5 30 
days, and to identify a possible source of DXM overages.  Seventy-four horses (39 31 
Thoroughbreds, 13 Standardbreds, 22 Quarter Horses) in active race training received 20 mg 32 
DXM sodium phosphate.  Serum was collected before injection,  at 48 and 72 hours post last 33 
injection, and analysed by LC/MS-MS (Limit of Quantitation (LOQ) = 2.5 pg/mL). No 34 
differences were identified by ANOVA (p ≤ 0.05) for racing breeds, age, gender or the 35 
number of days of DXM sodium phosphate administration, so data were pooled for each time 36 
point.  The DXM serum concentration at 48 hours (mean ± standard deviation, SD, range) 37 
was 2.18 ± 1.56 pg/mL. (<2.5 to 40 pg/mL).   Summary statistics could not be derived for 72 38 
hour DXM serum concentration data owing to censored data, but ranged from <2.5 to 95.8 39 
pg/mL. There was one extreme outlier (Tukey) at 48 hours, and two extreme outliers at 72 40 
hours. A separate study was conducted using sedentary experimental horses to determine the 41 
likelihood that positive DXM samples could result from environmental transfer.   Urine was 42 
collected from a mare 2 to 3 hours post administration of 20 mg DXM.  Hay with 100 mL of 43 
the DXM (17 ng/mL) containing urine was offered to each of six experimental horses and 44 
blood was collected at 0, 4, 8, 12, 16, 20 and 24 hours.  All six horses had plasma DXM 45 
concentration above the LOD and five of six had plasma DXM concentrations above the 46 
LOQ for at least one sample time 47 

  48 

  49 
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Introduction:  50 

 Dexamethasone (C22H29FO5, molecular weight 392.461, DXM) sodium phosphate is 51 

an FDA-approved, short-acting therapeutic corticosteroid used in equine practice for the 52 

prevention and treatment of inflammatory and allergic conditions. Dexamethasone for 53 

parenteral administration can be formulated as a highly water soluble pro-drug, DXM 21-54 

phosphate disodium salt (Tobin, 1981; Soma et al., 2013). Following administration, the ester 55 

linked phosphate group is hydrolysed by plasma esterases (Samtani and Jusko, 2005) 56 

releasing the relatively short plasma half-life DXM (Soma et al., 2013).  57 

 Equine athletes are at risk of inflammatory airway disease (IAD), which affects up to 58 

80% of 2-year-old racing horses (Christley et al., 2001), resulting in impaired gas exchange 59 

and sub-optimal performance (Couëtil et al., 2016). Approximately 14% of all age groups of 60 

racing horses suffer from IAD (Wood et al., 2005) and there is evidence that pulmonary 61 

inflammation contributes to the incidence of Exercise-Induced Pulmonary Hemorrhage 62 

(EIPH) (McKane and Slocombe, 2010).  Because DXM has a short plasma half-life and 63 

duration of action (Soma et al., 2013), it is uniquely suited for use for treatment of IAD and 64 

other inflammatory and allergic conditions of horses approaching competition.  The 65 

appropriateness of this recommendation is reflected in the Canadian Para-Mutuel Agency 66 

(CPMA) recommendation of a 48 hour withdrawal after 25 mg intra-venous (IV), 20 mg 67 

intramuscularly (IM), or a 5 day course of 10 mg orally (PO) (CPMA, 2016), and the 68 

Fédération Equestre Internationale which has a published detection time of 2 days after IV 69 

administration of 10 mg DXM sodium phosphate (Anonymous, 2018). Similar to equine 70 

athletes, humans competing under World Anti-Doping Agency (WADA) rules cannot 71 

compete under the influence of corticosteroids.  Exceptions to this rule are peri or intra-72 

articular corticosteroids and systemic corticosteroids when medically necessary, as 73 

determined by a Therapeutic Use Exemption (TUE), which is an application to WADA 74 
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before administration.  The purpose of these TUEs is to permit the administration of 75 

appropriate therapeutic medication to athletes.  Corticosteroids represent the largest category 76 

of approved TUEs in human athletes since the TUE process and its predecessor program was 77 

instituted in 1986 (Fitch, 2016). 78 

 In the United States, many racing jurisdictions have adopted a regulatory threshold of 5 79 

pg/mL DXM in plasma or serum pursuant to a recommendation by the Racing Medication 80 

and Testing Consortium (RMTC), which is accompanied by a dose recommendation of 0.05 81 

mg/kg of DXM sodium phosphate by IV or IM administration or DXM by oral 82 

administration, and a withdrawal recommendation of 72 hours.  The RMTC typically 83 

determines thresholds based on the application of a statistical method called the 95/95 84 

tolerance (Owen 1968), although it is not clear whether this statistical method was used in the 85 

case of DXM.  The RMTC references an unpublished pharmacokinetic study in 86 

Thoroughbreds as the basis for this threshold and withdrawal (ARCI Controlled Therapeutic 87 

Medication Schedule for Horses - Version 4.1 Revised – January, 2019).  Introduction of this 88 

threshold has been attendant with a large spike in racing medication overages for DXM 89 

(ARCI, 2019).    90 

 This study was undertaken in order to test the hypothesis that the RMTC-based threshold 91 

and withdrawal recommendation can be relied upon where DXM is used in fit horses in race 92 

training and to identify a possible inadvertent source of DXM overages.  Specifically, we 93 

investigated the potential effect of multiple day courses of DXM sodium phosphate 94 

treatment, breed differences by including Thoroughbreds, Standardbreds and Quarter Horses 95 

under actual training conditions, and the effect on serum DXM concentration of exposure of 96 

horses to urine from a DXM sodium phosphate treated horse. We chose 48 and 72 hours post-97 

DXM sodium phosphate administration for collection of serum samples because most 98 

regulatory agencies use either a 48 or 72-hour withdrawal recommendation.  Further, we 99 
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investigated the possibility that hay contaminated with DXM containing urine might cause 100 

random positive tests / overages for DXM.  101 

Materials and Methods 102 

Experiment 1: 103 

Study facilities and animals- 104 

Privately owned Thoroughbred, Standardbred and Quarter Horse racehorses in race training 105 

in the practice population of two of the authors (CF, BB) were used throughout.  Horses were 106 

stabled on the racetrack and were housed and trained according to standard procedures at 107 

racing facilities at Prairie Meadows Racetrack (Altoona, IA) and the Red Mile (Lexington, 108 

KY).  The feed, bedding and water sources were consistent with routine management at each 109 

facility.  Training adhered to regimens consistent with the type of racing specific to the racing 110 

discipline.  Informed consent was obtained for all horses enrolled.  Inclusion criteria were a 111 

full clinical examination, mucus present on endoscopy, with or without trans-tracheal 112 

cytology for a diagnosis of IAD or other inflammatory or allergic condition requiring therapy 113 

with 20 mg DXM sodium phosphatea IV. Treatment was based on the clinical examination 114 

and diagnosis by the examining investigator, a signed owner consent form, long-term trusted 115 

relationships between the investigator and trainer to ensure trainer compliance and active 116 

participation in racing or fast workouts in preparation for racing.  Exclusion criteria were 117 

injections with Betamethasone or DXM within 7 days, or any other medications within the 24 118 

hours prior to blood collection in order to minimize potential interference with the analytical 119 

method.  The study was approved by the Iowa State University Animal Care and Use 120 

Committee. 121 

Experimental design- 122 

All racehorses in two investigators’ practices that fulfilled the inclusion criteria with none of 123 
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the exclusion criteria were enrolled in the study.  The investigators administered 20 mg DXM 124 

sodium phosphate by IV injection, and took all precautions to prevent other exposure to 125 

DXM in the training barns.  Administration of topical or oral DXM or betamethasone was 126 

restricted in the training barns.  In order to replicate the usual clinical usage patterns of DXM 127 

sodium phosphate, the only restrictions on co-administered medications were the restrictions 128 

within 24 hours of blood collection in order to prevent interference with the analytical 129 

methodology. Any concomitant medications were recorded.  The time of day of the treatment 130 

and number of consecutive treatments were recorded.  Blood samples were drawn into 10 mL 131 

serum separator vacuum tubes immediately preceding the first dose of DXM, and at 48 and 132 

72 hours after the last dose of DXM. These samples were allowed to clot, then refrigerated at 133 

2-3ºC, centrifuged within 4 hours and the serum transferred to cryovials and stored at -70º C 134 

for batch analysis.  In seven cases where pre-injection samples were damaged such that they 135 

could not be analysed, a complete review of the horse’s medical record for the last month was 136 

performed to ensure that no prior injection with any DXM or betamethasone containing 137 

product had occurred.   138 

Analytical Methods- 139 

The analytical procedure followed was the ISO 17025/RMTC accredited quantitative 140 

analytical procedure for DXM in place in the New York Drug Testing and Research 141 

Laboratory.  The analytical reference standard for DXM was purchased from Sigma Aldrichb 142 

and d4-Dexamethasone (DXM-d4) from CDN Isotopesc respectively.  Stock solutions of 143 

DXM and DXM-d4 were prepared at 1 mg/mL in methanol.  Acetonitrile and methanol were 144 

purchased from EMD Millipored, and methyl tert-butyl ether and ammonium formate was 145 

purchased from Fisher Scientifice.  Deionized water was filtered onsite to the specification of 146 

18.2 megΩ. Ethanol was purchased from Pharmco-Aaperf.  All reagents were of HPLC grade 147 

or better. 148 
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Working DXM solutions were prepared by dilution of the 1 mg/mL stock solution 149 

with ethanol to concentrations of 1 pg/µL and 100 pg/µL.  Plasma calibrators in 150 

concentrations of 2.5, 5 and 10 pg/mL were prepared by the addition of the working standard 151 

solution to plasma harvested from experimental horses known to be drug-free.  Calibration 152 

curves and negative control samples were prepared fresh for each quantitative assay.   153 

The 2.0 mL aliquots of samples were prepared alongside calibration curve and 154 

negative control samples. Internal standard was added to each tube. Samples were mixed by 155 

vortex, and 5 mL of methyl tert-butyl ether was added.  Samples were mixed by rotation for 156 

10 min, centrifuged at 2400g for 5 minutes, the emulsion broken, and centrifuged again at 157 

2400g for 5 more minutes. The top ether layer was removed and dried under nitrogen.  158 

Samples were dissolved in 50 µL of equal parts acetonitrile, methanol, and deionized water. 159 

2.5µL was injected into the LC-MS/MS systemg coupled with a U/HPLC chromatography 160 

systemg.  161 

The concentration of DXM was measured in plasma by LC-MS/MS using positive 162 

electrospray ionization with Agilent Jet Stream technology.  Chromatography employed a 163 

Zorbax SB-C18g column with a length of 100mm and a pore size of 3.0 µm.  The beginning 164 

mobile phase composition was 50% 5mM Ammonium formate in deionized water and 50% 165 

ACN. The initial ACN concentration was held at 50% for 2.75 min, ramped to 95% until 166 

3.25min, and held at that concentration for until a runtime of 4.5 min at which the mobile 167 

phase composition was reset to the initial settings.  168 

Detection and quantification were conducted using selective reaction monitoring 169 

(SRM) of initial precursor ion for DXM (mass-to-charge ratio 393.5 m/z) and the internal 170 

standard (397.5 m/z).  The response for the product ions for DXM (m/z 373, 355, 337) and 171 

the internal standard (m/z 377) were plotted and peaks at the proper retention time integrated 172 
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using MassHunter softwareg.  MassHunter software was used to generate calibration curves 173 

and quantitate DXM in all samples by linear regression analysis. 174 

The validation of the method employed for the analysis of DXM contained a 175 

calibration curve performed encompassing 2.5, 5.0 and 10.0 pg/mL DXM. The response was 176 

linear and gave correlation coefficients (R2) of 0.99 or better. Quality control sample 177 

replicates were performed (n=7). The inter-day accuracy was 1.9% for 5 pg/mL DXM.  The 178 

intra-day accuracy was 8.3% for 5 pg/mL DXM. The inter-day precision was 8.4% for 100 179 

pg/mL DXM. The intraday precision was 10.6% for 100 pg/mL DXM. The technique was 180 

optimized to provide a limit of quantitation (LOQ) of 2.5 pg/mL.  The limit of detection 181 

(LOD) was 1.0 pg/mL. 182 

Data analysis- 183 

The 48 h and 72 h post administration serum DXM concentrations were analyzed for 184 

percentage of censored (below LOQ) data, effects of number of consecutive days of treatment 185 

using Robust Regression on Order and General Linear Model statistical methods, with 186 

statistical significance at p<0.05 (Helsel, 2012).   The 48 hour and 72 hour datasets were first 187 

analyzed for percent censored data, then normality tests (Shapiro-Wilk, Anderson-Darling, 188 

Lillefors and Jarque-Bera) were performed on uncensored (above LOQ) data [using R-189 

programming language] in order to determine the most appropriate statistical analysis for 190 

threshold determination.  Where data were normally distributed, the effects of age, gender, 191 

breed and number of days treated were analyzed by ANOVA [XLSTAT®, ADDinsoft 2016 192 

https://www.xlstat.com/en/ as an Excel® for Mac 2011, Microsoft add-in].  Summary 193 

statistics for each data subgroup were obtained for each group using RROS (Helsel, 2012) in 194 

R-programming language and bootstrap analyses with 100,000 resamplings [XLSTAT®, 195 

ADDinsoft 2016 https://www.xlstat.com/en/ as an Excel® for Mac 2011, Microsoft add-in].    196 

https://www.xlstat.com/en/
https://www.xlstat.com/en/
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Bootstrap with resampling was performed to estimate population summary statistics.  197 

Thresholds for each dataset were determined using two different methods; (95/95) tolerance 198 

interval (Owen, 1968) and Gauss-Camp-Meidell (Savage, 1961) (GCM), as previously 199 

described (Machin et al., 2019).  The 95/95 tolerance is calculated by: 200 

     xtol = m + k sx 201 

Where xtol is the 95/95 tolerance threshold, m is the mean and sx is the standard deviation of 202 

the sample population.  The k value is a tolerance limit factor equivalent to a z-score 203 

corrected for sample size (Owen, 1968).   The GCM is a probability inequality that provides 204 

bounds for the probability that the plasma concentration will fall within a given p-value, and 205 

requires only a unimodal distribution (Savage, 1961). 206 

Experiment 2: 207 

Study facilities and animals- 208 

Six sedentary Thoroughbreds owned by Equine Integrated Medicine, PLC (5 mares, 1 209 

stallion,  mean ± standard deviation, range 10 ± 5 years old, 3 to 17 years) were used in the 210 

DXM urine environmental exposure study.  Horses were stabled in the research facility of 211 

Equine Integrated Medicine, PLC, and all procedures approved by its Animal Care and Use 212 

Committee (# AAW0012015).  Feed and water sources were consistent with routine 213 

management at the facility, horses were bedded on dried grass bedding, fed a 12% Complete 214 

Feed mixture offered a mixed timothy, orchard grass and bluegrass mixture ad libitum.  Prior 215 

to the onset of the study, the stalls were stripped, and clean by pressure washing and phenolic 216 

antiseptic, allowed to completely dry for a minimum of one week, and bedded with fresh 217 

grass bedding.  No medications were administered within 1 month of the study, and the 218 

horses were not in proximity to any other horses during the study. 219 
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Experimental design- 220 

A mixed breed mare was administered 0.05 mg/kg DXM IV.  A foley catheter (#J0447H, 221 

Jorgensen Laboratories, Inc, Loveland, CO, USA) was placed at the time of administration, 222 

and the bladder evacuated.  The foley catheter was left in place, and urine collected at 3-hours 223 

post administration. The six experimental horses were stall housed and in addition to the ad 224 

libitum mixture of grass hay, 2.27 kg of Lucerne hay was offered which was sprinkled with 225 

100 mL of the DXM containing urine.  Blood samples were collected from these horses at 0, 226 

1, 3, 6, 12, and 24 hours and the samples were analysed as described above.  Because of the 227 

expected presence of lower serum concentrations of DXM in the contamination experiment, 228 

the LCMS method was optimized for more sensitive detection of DXM by the addition of a 229 

1.0 pg/mL standard.  The Limit of Detection was 0.5 pg/mL. 230 

Results: 231 

Experiment 1: 232 

 Seventy-four horses met the inclusion criteria (Thoroughbreds, N=39, Standardbreds 233 

N=13, Quarter Horses N=22).  An ANOVA showed no difference between age, gender, breed 234 

or number of daily treatments, so serum concentrations of all horses were pooled for 235 

threshold determination analysis for each of the 48 h and 72 h datasets.  Three additional 236 

horses were excluded for pre-treatment DXM serum concentrations (33 pg/mL, 4.5 pg/mL 237 

and 4.0 pg/mL) above the LOQ, despite no identifiable exclusion criteria.  Although these 238 

horses were excluded, evaluation of the 48 h and 72 h data with these horses included did not 239 

change the results. 240 

The number of horses that received each series of consecutive daily treatments, 241 

number censored and presence of outliers is shown in Table 1.  Means and standard 242 

deviations were not determined because the numbers within each group were insufficient to 243 
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employ RROS. Sixty-seven horses had pre-injection serum samples below the LOQ of the 244 

analytical method for DXM.  Seven horses did not have pre-injection serum samples 245 

analyzed, but a review of the medical history for these horses showed no previous DXM 246 

administration or exposure, so these horses were not excluded from the analysis.  Of these 247 

seven horses, five had DXM serum concentrations below the LOQ at both 48 h and 72 h.  248 

One had DXM serum concentration below the LOQ at 48 h, and 4.1 pg/mL DXM serum 249 

concentration at 72 h.  One had DXM serum concentration below the LOQ at 48 h, and 95.8 250 

pg/mL at 72 h.  Because the 48 h DXM concentrations were below the LOQ for all of the 251 

horses without pre-injection serum sample analyses, they were not excluded from the 252 

analysis.  Three horses had DXM concentrations above the LOQ in the pre-injection samples 253 

with no history or evidence of DXM or betamethasone exposure within the preceding 14 254 

days.  These horses were excluded from the analysis, although the 48 and 72 h DXM 255 

concentrations would not have affected the analysis, had they not been excluded.  Two of 256 

these horses had censored DXM concentrations at both 48 and 72 h, and the third horse had 257 

6.4 pg/mL of DXM at 48 h and censored concentration at 72 h. 258 

Table 1.  The number of horses receiving each group of consecutive daily treatments, 259 

number censored, and presence of outliers.  260 

Number of days Number of 

horses 

48 h 72 h 

  Number 

censored 

Outlier 

(pg/mL) 

Number 

censored 

Outlier 

(pg/mL) 

1 24 17 None 19 95.8 & 

10 

2 14 10 None 14 None 

3 17 15 None 16 None 

4 6 5 40.6 4 None 

5 13 7 None  12 None 

 261 
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 Concomitant medications were administered to forty-five horses, and are 262 

summarized in Table 2.  The total number of horses receiving each concomitant medication 263 

was insufficient to apply any statistical methods, so these data were pooled for statistical 264 

analysis.  One extreme outlier was evident in a horse that received both phenylbutazone and 265 

flunixin. 266 

Table 2.  The number of horses receiving concomitant medications, number censored, 267 

and presence of outliers.  Some horses received more than one concomitant 268 

medication.  * The highest outlier horse at 72 h received two concomitant 269 

medications, phenylbutazone and flunixin. 270 

Concomitant 

medication 

Number 

of horses 

48 h 72 h 

  Number 

censored 

Outlier 

(pg/mL) 

Number 

censored 

Outlier 

(pg/mL) 

Phenylbutazone 13 10 None 11 95.8* 

Flunixin 4 4 None 3 95.8* 

Ceftiofur crystalline 

free acid [Excede®]h 

1 1 None 1 None 

Gentamicin 10 9 None 8 None 

Trimethoprim-

sulfadiazine 

6 5 None 6 None 

Oxytetracycline 10 7 None 9 None 

Acepromazine 1 1 None 0 None 

Dantrolene 1 1 None 0 None 

Polysulfated 

Glucosaminoglycan 

[Adequan®]i 

3 1 None 2 None 

Dimethylsulfoxide 2 1 None 2 None 

Neomycin-

Polymixin-Bacitracin 

Ophthalmic ointment 

1 1 None 1 None 

Vitamin E/Selenium 2 2 None 2 None 

 271 



13 
 

The serum concentrations of DXM for the 48-hour samples are presented in Figure 1. 272 

The presence of one outlier in the 48 h dataset (40.6 pg/mL) and two outliers in the 72 h dataset 273 

(10 pg/mL and 95.8 pg/mL) are noted.  The percent censored data (below the LOQ of 2.5 274 

pg/mL) for the 48 h and 72 h datasets were 74% and 90% respectively.  Normality tests 275 

(Shapiro-Wilk, Anderson-Darling, Lillefors and Jarque-Bera) for each dataset indicated that 276 

non-censored data (serum concentrations above the LOQ) were normally distributed.   277 

 The 48 h serum concentration (mean ± standard deviation (SD)) outlier omitted) for 278 

the 48 h group was 2.18 ± 1.56 pg/mL.   The tolerance limits or thresholds generated using 279 

95/95 or GCM (p=0.05, p=0.01) for the 48 h samples are presented in Table 3.    280 

Thresholds could not be determined for the 72 h data because the 90% censored data 281 

precludes the determination of a threshold from these data (Helsel, 2012).  Nine of the 74 282 

horses had measurable DXM concentrations at 72 h.  Of those nine, seven horses, including 283 

two extreme outliers, had higher DXM concentrations at 72 h than 48 h.   284 

Table 3.  Percent censored data, and threshold concentrations in pg/mL as determined 285 

by 95/95 tolerance, Gauss-Camp-Meidell at p=0.05, corresponding to 1 in 20 risk of 286 

violating the threshold, and p=0.01, corresponding to a 1 in 100 risk of violating the 287 

threshold.  288 

 48 h 72 h 

% censored data points 74% 90% 

95/95 Tolerance 6.61 na 

GCM (P=0.05) 6.77 na 

GCM (P=0.01) 12.4 na 

 289 

 290 
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Experiment 2: 291 

 Results of the second experiment are shown in Table 4.  Three of six horses had 292 

quantifiable concentrations of DXM, five of six had DXM concentrations above the LOD, 293 

and only one horse had no detectable DXM during the 24-hour collection period. 294 

Table 4.  Serum concentrations (pg/mL ) of Dexamethasone (DXM) detected in 295 

experimental horses after exposure to DXM containing urine contaminated Lucerne 296 

hay.  NDD = No DXM Detected, LOD = Limit of Detection.   One 6 hour sample 297 

could not be collected from Horse 6, indicated by “-”.   298 

 299 

Time after hay 

added (h) 

Horse 1 Horse 2 Horse 3 Horse 4 Horse 5 Horse 6 

0 NDD NDD NDD NDD NDD NDD 

1 NDD NDD >LOD NDD >LOD NDD 

3 NDD NDD NDD >LOD NDD NDD 

6 NDD 1.7 1.0 >LOD NDD - 

12 NDD >LOD NDD NDD NDD NDD 

24 4.4 NDD 1.5 NDD NDD NDD 

 300 

Discussion 301 

 This population study in racing horses, Study 1, was undertaken to evaluate the post 302 

DXM sodium phosphate administration serum concentrations of DXM under field conditions, 303 

and to identify possible sources of blood DXM concentrations above the regulatory threshold 304 

of 5 pg/mL.  No difference was found among the different racing breeds and disciplines 305 

which permitted pooling of the data for the purpose of calculating a 48 h threshold.  Different 306 

racing breeds have previously been shown to exhibit some different pharmacokinetic 307 

parameters for glycopyrrolate (Rumpler et al., 2014), differences that may be associated with 308 
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differences in study design, pharmacogenetics, or physiologic differences based on 309 

characteristics such as renal or splanchnic blood flow associated with the type of exercise.  In 310 

this study, no effects of different breed or training regimes were evident for either the 48 h or 311 

72 h time DXM serum concentrations.  312 

No difference was found among serum concentrations of DXM post single or multiple 313 

day treatments, indicative of no significant accumulation of DXM in horses, consistent with 314 

previous published literature.  Haspel et al. (2018) found the AUC0-24 h after a single dose to 315 

be almost identical to AUC0-∞, indicating minimal accumulation after the conservative dose 316 

of 5 mg used in their study.  Accumulation ratios (AR) calculated from the pharmacokinetic 317 

data presented in previous studies using a low dose (AR of -0.01, Haspel et al., 2018) as well 318 

as a higher therapeutic dose of 0.05 mg/kg (AR of -0.002, Grady et al., 2010) fall well below 319 

an AR of 1.2, confirming the lack of accumulation (Li et al., 2018) of DXM in horses dosed 320 

at 24 hour intervals throughout the typical therapeutic dose range.  In addition to the extreme 321 

outliers, of the nine uncensored 72 h DXM serum concentrations, four serum concentrations 322 

exceeded the 48 h DXM serum concentration from the same horse, but were below 5 pg/mL. 323 

Three samples had detectable DXM in the pre-injection samples, despite no history of 324 

DXM or other corticosteroid injection.  It is possible that if the DXM sodium phosphate is 325 

withdrawn from the vial, and any bubbles in the solution are expressed from the syringe in the 326 

vicinity of the blood collection tubes, sufficient DXM can be aerosolized to cause 327 

contamination of the rubber stoppers of the collection tubes, and subsequent measurable 328 

concentrations in the blood.  These samples were excluded from the analysis, but would have 329 

had no effect on the analyses, had they been included.   330 

Three samples in our population present as extreme outliers, defined as values that 331 

exceed 1.5 interquartile ranges above the third quartile (Tukey’s Outlier Test).  One outlier at 332 

48 hours was 40.6 pg/mL and two outliers at the 72-hour point were 10.1 and 95.8 pg/mL. The 333 
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horse that had the 10.1 pg/mL DXM serum concentration at 72 h had a serum concentration at 334 

4.4 pg/mL at 48 h, and the horse with the 95.8 pg/mL DXM serum concentration at 72 h had a 335 

serum concentration below the LOQ at 48 h.  While unexpected, these unusually high 336 

concentration data parallel the similar presence of high plasma concentrations in three previous 337 

pharmacokinetic papers (Soma et al., 2005; Soma et al., 2013, Symonds et al., 2019). At 48 h 338 

in Soma et al. (2005), two of six horses had plasma DXM concentrations of 600 pg/mL and 339 

700 pg/mL after the IV administration of 0.05 mg/kg, a slightly higher dose than employed in 340 

this study.  In a later paper, Soma et al (Soma et al., 2013) reported a single outlier of 57 pg/mL 341 

at 48 h among six horses after IV administration of 0.05 mg/kg DXM.  While Soma did not 342 

identify this sample as an outlier, it clearly exceeds 1.5 interquartile ranges above the third 343 

quartile in his study since all of the other 48 h samples fell below the LOQ of the study, 10 344 

pg/mL, fulfilling Tukey’s criteria as an outlier. High concentrations of DXM at 48 hours may 345 

represent individual variability in DXM metabolism, but the study design employed in the 346 

second Soma et al. study (2013) controlled for this possibility.  Soma et al. (2013) utilized a 347 

crossover design, wherein each horse was administered DXM by four different routes, 348 

intravenous, intramuscular, oral and intra-articular.  Despite the multiple routes of 349 

administration, one horse exhibited the 48 h 57 pg/mL DXM plasma concentration only after 350 

IV administration and not when DXM was administered by IM or oral routes.  Symonds et al 351 

(2019) administered 0.04 mg/kg DXM sodium phosphate by nebulization, and had a single 100 352 

pg/mL outlier at 96 h. 353 

An alternative explanation for the high plasma DXM concentrations in the previous 354 

Soma studies (2005; 2013), as well as the 48 h outlier in this study would be an inadvertent 355 

subcutaneous deposition of DXM sodium phosphate at the time of the intravenous 356 

administration.  Such administration would have been expected to have resulted in a sustained 357 

absorption phase, which could not be identified with our study design, but would likely have 358 
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been identifiable by the pharmacokinetic parameters of the individual horses in the previous 359 

Soma studies.  However, the plasma DXM outlier of 100 pg/mL at 96 h in the Symonds et al. 360 

study (2019) could not be explained by subcutaneous administration, because the study used a 361 

single nebulised dose of DXM sodium phosphate.   The outliers at 72 h in our study similarly 362 

could not be explained by subcutaneous administration, because both horses were below the 363 

LOQ at 48 h.  The findings of these three previous papers and the results of our field study 364 

argue against individual metabolic variability as the source of these outliers, requiring the 365 

investigation of an alternative source of these outliers. 366 

The horses in this study (Study 1) were under the control of the investigators, and 367 

received no alternative source of DXM, such as oral powders, topical creams or other 368 

compounds.  As a prescription medication, DXM is only available through veterinarians, so 369 

additional unrecorded intentional administration of DXM is unlikely.  However, the racetrack 370 

environment is commonly contaminated with therapeutic medications (Barker, 2008), and 371 

previous contamination of the stalls by concentrated sources of DXM, such as residual powder 372 

or compounds cannot be ruled out.  Using the previously published DXM pharmacokinetics 373 

(Soma et al., 2013), our highest outlier would have only required 0.14 mg of DXM for a blood 374 

concentration of 95.8 pg/mL at maximal blood concentration.   375 

Alternatively, these outliers could have resulted from recycling of excreted drug.  376 

Transfer from the environment has been reported for other medications, such as flunixin (Popot 377 

et al., 2011), naproxen (Wennerlund et al., 2000) and isoxsuprine (Russel and Maynard, 2000), 378 

among others.  Dexamethasone is excreted in urine in concentrations as high as 50 ng/mL after 379 

low 5 mg dose administration (Chen et al., 1996) making concentrations as high as 200 ng/mL 380 

likely after a dose of 20 mg, such as used in our study.  Further, some of the DXM dose may 381 

be excreted in manure, such as is seen in cattle (Vanhaecke et al., 2011), leaving multiple 382 

possible routes of inadvertent ingestion from recycling of administered drug.  Using the highest 383 
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attained plasma concentration and bioavailability from Soma et al. (Soma et al., 2013) rather 384 

than the average values, a Volume of Distribution equal to the central compartment and 385 

assuming that the 95.8 pg/mL outlier was a peak serum concentration, only 19.4 mL (3.9 µg 386 

DXM) of urine would need to be consumed to produce this high outlier serum DXM 387 

concentration.  While this requires many assumptions, the actual bioavailability, absorption 388 

and metabolism of DXM in the horse that experienced the 95.8 pg/mL 72 h serum DXM 389 

concentration are unknown.  However, DXM metabolism and disposition is highly variable 390 

(Soma et al., 2013), and could produce a relatively high serum concentrations of DXM if the 391 

urine with DXM were considered to be the source.  Further, when water evaporates from urine, 392 

it becomes a concentrated source of salt, which may attract some horses.  The horses in this 393 

field study were protected from exogenous exposure to DXM or betamethasone, and 394 

experimental horses in three previous studies (Soma et al., 2013; Soma et al., 2005; Symonds, 395 

2019) experienced similar outlier plasma concentrations, indicating that such extreme outlier 396 

plasma concentrations may be a risk among horses exposed to DXM.   397 

One of the three extreme outlier DXM serum concentrations was from a horse 398 

administered concomitant medications.  This horse received both phenylbutazone and flunixin 399 

after its DXM administration.  It is possible that factors related to the combination of these two 400 

non-steroidal anti-inflammatory drugs contributed to the high 72 h DXM serum concentration.  401 

Two other horses in this study received both phenybutazone and flunixin, one of which had a 402 

4.1 pg/mL serum DXM concentration at 72 h, and the other which had both its 48 h and 72 h 403 

DXM concentrations censored.  No conclusions can be drawn about any possible interactions, 404 

because of the small numbers of horses that received these concomitant medications. 405 

The second experiment was performed to investigate the possibility that DXM plasma 406 

concentrations may result from recycled urinary DXM.  Table 4 shows that five of six horses 407 

offered DXM containing urine had detectable plasma DXM during at least once time point in 408 
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a 24 hour period.  The highest plasma concentration was 4.4 pg/mL, 24 hours after exposure to 409 

the contaminated hay, and 12 hours after the previous plasma sampling.  While this plasma 410 

DXM concentration was below the ARCI threshold of 5 pg/mL DXM, the peak plasma 411 

concentration could have occurred at any time in the preceding ~11 hours (Soma et al., 2013).  412 

Using the PK parameters from Soma et al. (2013), the peak plasma concentration in this horse 413 

(Horse A) could have been anywhere from 4.4 pg/mL to 24 pg/mL.  The DXM concentration 414 

in the urine used to contaminate hay for our experimental horses was only 17 ng/mL, and we 415 

used only 100 mL of this urine.  It is clear from these data that the plasma concentrations found 416 

in our field study horses, as well as the study horses of Soma et al. (2005; 2013) and Symonds 417 

et al. (2019) could have resulted from recycled DXM from urine.   418 

The 48 h serum threshold concentrations were 6.61 pg/mL using the 95/95 tolerance 419 

method, 6.77 pg/mL using GCM at p=0.05 and 12.4 pg/mL using GCM at p=0.01.  The 95/95 420 

tolerance methodology provides a 95% confidence that 95% of the values will fall below the 421 

calculated threshold, where the underlying data are normally distributed (Owen, 1968).  A 422 

number of assumptions are made in the calculation of 95/95 tolerance, which are previously 423 

discussed (Owen, 1968).    The GCM is a probability inequality that guarantees that no more 424 

than a certain fraction of values will exceed a specified distance from the mean.  The chief 425 

difference between the threshold determinations is that GCM is a distribution free method 426 

that does not require normally distributed data, only a unimodal distribution (Savage, 1961).   427 

In the case of both methods of calculating thresholds at a risk of 1 in 20, 2 of the 74 member 428 

48 hour data set (not including the extreme outlier), or ≈ 3% exceeded the threshold, 429 

exemplifying the point that both methods carry an approximately 5% risk of a violation 430 

where the withdrawal is carefully followed.   Because the underlying assumptions for both 431 

methods of threshold determination are met, the threshold for both 95/95 tolerance and GCM 432 

(p=0.05) are comparable in the case of this DXM study.  Where the underlying assumptions 433 
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are not met, the most appropriate threshold determination methodology should be chosen 434 

(Machin et al., 2019).  When the GCM methodology using a 1 in 100 risk of a positive 435 

(p=0.01) is employed instead, the threshold becomes 12.40 pg/mL, which exceeds all values 436 

in the dataset, other than the extreme outlier.  437 

The statistical methods employed for threshold determination in this study for the 48 438 

h dataset require several assumptions.  The RROS methodology of estimating values for 439 

censored data requires that the DXM concentrations below the LOQ follow the same 440 

distribution as the measured concentrations.  Therefore, the statistical moments calculated 441 

from those RROS estimates must be considered in light of these assumptions, where 72% of 442 

the data cannot be measured.  However, as discussed in the preceding paragraph, this 443 

assumption is likely to be accurate, because when thresholds are calculated by two different 444 

methods that carry a 5% risk of a violation, about 3% of the population exceeds the threshold.     445 

Statistics to determine threshold values cannot be applied where censored data exceed 446 

80% of the dataset (Helsel, 2012).  Therefore, we could not calculate thresholds by any 447 

methodology for our 72 h dataset.  However, all but the two extreme outliers fell below the 448 

recommended 5 pg/mL threshold in place in racing in the United States.  Since both horses 449 

with outlier DXM concentrations at 72 h were below 5 pg/mL at 48 h, inadvertent 450 

subcutaneous drug administration or idiosyncratic metabolism are unlikely sources of these 451 

high DXM serum concentrations.  Nonetheless, it is clear that a small number of horses may 452 

be at risk of exceeding the threshold at 72 h despite falling below the threshold at 48 h. 453 

The pharmacokinetic studies performed by Soma et al. (2005; 2013) were performed 454 

exclusively in research horses, which received no concurrent medications, and may or may 455 

not have been exercised at a level comparable to race training.  Pharmacokinetics differ not 456 

only between Standardbreds and Thoroughbreds, but also between animals that are fit or 457 

sedentary (Khazaeinia et al., 2000).  No previous studies have been performed to differentiate 458 
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drug disposition among horses that are in Thoroughbred, Standardbred or Quarter Horse race 459 

training.   460 

 This study provides several important guidelines for veterinarians using DXM for the 461 

treatment of IAD, other inflammatory or allergic conditions of equine athletes that perform in 462 

a regulated environment.  First, this study demonstrates that there is no accumulation of 463 

DXM used at a dose of 20 mg IV as the sodium phosphate solution once daily, so the 464 

withdrawal is the same after the final dose of intravenous DXM sodium phosphate, whether it 465 

is used for a single day or multiple days.  Second, this study supports the 5 pg/mL threshold 466 

at 72 h with 95% confidence, because the two outlier concentrations out of seventy-four 467 

horses represents a 2.7% risk of a positive test.  In this field study of seventy-four horses 468 

sampled at 2 time points, there were 3 extreme outliers, representing a risk of violation of 469 

approximately 1 in 50.  In the Soma et al. studies (2005; 2013), and the Symonds study 470 

(2019), there were also extreme outliers, despite a controlled environment.  Therefore, 471 

withdrawal guidelines should include warnings that there is a risk of violating the threshold, 472 

even if the withdrawal time is strictly followed.  Further studies are warranted to investigate 473 

the possible sources of these outlier high serum concentrations which have presented in a 474 

number of studies. 475 

 Manufacturers’ Addresses:   476 

aBimeda, One Tower Lane, Suite 2250, Oakbrook Terrace, IL  60181 477 

bSigma-Aldrich, 3050 Spruce St., St. Louis, MO  63103 478 

cCDN Isotopes, 88 Leacock Street Pointe-Claire, Quebec Canada H9R 1H1 479 

dSigma Millipore, 3050 Spruce St., St. Louis, MO  63103 480 

eFisher Scientific, 12150 Santa Fe Trail Dr, Lenexa, KS 66215 481 
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fPharmco Aaper, 58 Vale Road, Brookfield, CT 06804 482 

gAgilent Technologies, Inc,  5301 Stevens Creek Blvd., Santa Clara, CA 95051  483 

hZoetis, 10 Sylvan Way, Parsippany, New Jersey 07054. 484 

iAmerican Regent Animal Health, 5 Ramsey Road, P.O. Box 9001, Shirley, NY 11967 485 

 486 

Figure 1.  Frequency histogram for dexamethasone (DXM) serum concentrations 48 487 

h post 1 – 5 daily doses of 20 mg DXM sodium phosphate in Thoroughbred, 488 

Standardbred and Quarter Horse race horses in race training. 489 
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Figure 1.  Frequency histogram for dexamethasone (DXM) serum concentrations 48 578 

h post 1 – 5 daily doses of 20 mg DXM sodium phosphate in Thoroughbred, 579 

Standardbred and Quarter Horse race horses in race training. 580 
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