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Drug adminlsiration studies WWMMMM%
(DIPA) were conducted in Thoroughbred and Standardbred horses to assess physiological
develop detectioa methods,

2. Four horses received 0.08 mg body wt and showed no changes in heart and .
rawes or body emperature os measused over 3 1-4r period after administration, A transient diuretic effect  *
mh‘hmh!mwmm"bmmw't

3. A qualitative detection developed to detect DIPA, the
major metabolite of DADA in equine urine. A quantitative detection method {lower Bmit of detoction
0.5 g/l urine) for this metabolite was 2lso developed using gas

Abstract—1.

4 Nmmnuunﬁummmmmwmmmmwm.m
methodologies.
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INTRODUCTION

Diisopropylamide dichloroacetate (DADA) (Fig. 1)
wsymhumdby!(nbcmdl(mhsml%Z.My
tors had synthesized pangamic
lend("viuuialu")mdithubemmmmu
these two substances are and pharmaco-
iogmuy relsted (Kruglikova-L'ova er al., 1965).
The pharmacology of DADA has been reported in
laboratory animals and humans, (Krushaar, er of,
1963) but there are no reports of its pharmacology in
horses. More recently, there have been reports of its
use in racehiorses, and we have therefore studied its

mmmmmm

principle pharmacological effects of clinical
agmﬁunee IurDADAmspeuuothermn
the horse is This response was reported

to occur after smail doses, and was not blocked by
atropine. The minimal dose required to produce this
eﬁumwmmmmmmm
e == .—this-effect - in- dogs.-Clinical studies -hawe -reported
DADAtobeaal‘e.nufhlandulfMuvqo-
dilator in tlie treatment of cardiac ischemin, valvular
coronary sclerosis and myocardial infarction and
angina pectoris. Reviewing these results, Stackpole
(l%wMMDADAianbym
mmmmwmw
action, & moderate but constant bradycardiac effect,
with prolonged increases in stroke and misute volumes
and cardisc output, and a slight decrease in body
temperature. These actions were associsted with little
effect on metabolic processes. Beyond this, the drug

*To whom all corvespondence should be addressed.

was reported to ameliorate the signs and symploms
of many cardiovascular, hepatic, musculoskeictal and
alcoholic disorders. In racehorses it is purported to be
uweefil in teeating azoturia (“tying up™) at a reported
dosage of 40 mgrhorse (0.08 mg/kg).

Because DADA may be considered an illegai drug
when used in racchorses, and because it has been
difficult to detect in post-race blood or urine samples,-
we elected 10 study the detection, actions and effects
of DADA in horses.

DADA is the salt form of diisopropylamine, '
(DIPA) and dichloroacetic acid (DCA). We studied .
%mwudnw&MMudnmm

to phammloﬁuﬂy

their-
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ORSOPROFYLAMME DICHLOROACETATE
{DADA)

e

Fig. 1. Chemical structure of diisopropylamine dichloro-

scetate (DADA) and its dissociation products dichloro-
scetate (DCA) and diisopropylammonium (DIPA).
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D!l"AmdDCAmomined from a commercial source
(S(mChunicalOc-.SLuuis.MD).nglumdyﬁal

and DCA (10 mmol) as by the method of Gelener and
Herbert (1982). A solution of DADA st 23% was peepared

with distilled water, This solution was
for i.v. injection.

Pharmacokinetic siudies
© In the pharmacokinetic studics,

steralized by filtration

4 mares were given

DADA:&O.MmslklbodymTwmulsomeMd
DADAnﬂmwhwywhmhmmemm
confined in buu&(i&mu)bdmdoﬁuud for
the entire experiment. DADA injections were made into the
ﬁ;htjuguht\dn.a&ﬂpn-mdpunmucodmpla

ERTLIE i UL T SR

The samples were evaporated to dryness under & stream
ofﬁmm?beruiduequmy;mrﬁumslnm
dissolved in 50 ul isopropancl.
mwma,nmwmﬂm
565 gas chromatograph (Tracor, Austin, TX) equipped with

N

Thin-layer chromatographic analysis

A TLC method was developed to provide qualitative
Moadmf&hlhkpmeadmumluﬁummde
hnkwithﬂ.tu!mmudndmhydmide.’rc this
mizture was added 6ml of a petroleun ether—dichloro-
mmwa:umm&mm for
smmmmmmmmmm
the organic solveat was transferred to @ clean tube for

for mﬁplﬂﬂj%hy&oﬁbrkddhm

mmwsmmmam
N”Mbyas%»&mﬁmuwyhﬁdda
‘brown-gray spot at Re of 0.32.

[y

RESULTS
Pharmacelogical effects of DADA

’ Wkamlmsdminimedmmuom

mg/kg (40 mg/horse), no overt behavioral responses
were observed. Similarly, the beart rates, respiratory

" rates, and body temperatures of these horses were not

Mbylhkdouofbt?l&(ﬁ;.!).l-‘uﬂhumom.
in 2 horses dosed with 10 times this amount of
DADA{Mmdhom).noombehvion!chanp
mmﬂm,thu!mmwidmofa
thmﬁmdwhmdmof

. DADA. In two mares treated -with this dose of

DADAMMMMMMM

L

10! - St
N -0-10c 0 10 © 3 4 % ®

o o e s = e




ceam
were

with
5100
2mm
Zand
; inte-
away,

-rplau

ormalia
n over-

yed 3
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Table 1. Effect of 0.8 mg DIPA/kg body wt on urine volume output

in 2 mares
Mare
Time (min) A 3 X {ml/min)
60 0.28 12 570
-3 i 103 630
10 40 o 127
20 .50 ns 15.7
» L0 135 1.60
4 4.50 120 330
0 220 9.60 590
&0 340 740 5.40

6 mi/min in control animals 1o about lSmlJmm at
13 min after dosing (Tabie 1).

Detection of DADA in urine and plasma

{a) Drug recovery. DIPA is an unusually difficult
drug to detect in the blood or urine of horses. This
is because it is an i small molecule. is

strongly basic. and is quite volatile. Because it is

strongly basic, the pH of the solution used to extract
it must be very alkaline. Preliminary work showed
that 'it does not extract well under the pH 9.5
extraction conditions routinely used Lo extract basic
drugs. To successfully extract DIPA it was necessary

10 increase the pH of the extraction system lo about |

pH 12.0. Beyond this. recovery of this drug afier it
had been extracted
because the DIPA molecular is light and volatile and
is easily lost during the evaporation and concen-
tration steps used in most drug analyscs. We found
that & satisfactory way to handle this drug was to
render the solution very acidic, thereby quaternizing
the drug and reducing its volatility. In this way it was
" possible to concentate the sample without losing all
ol the DIPA by evaporation.

{d) Thin-layer chromatographic analysis. After

posed further problems. This is

140

RETENTION TIME (M-
Fi|.4 Typical chwomatogram of DIPA (retention time 0.39

developed on the high-performance thin-layer chro-
(HPTLC) plate, a series of brown gray

urine samples.

of different doses of DADA was followed.

After sdministration of 0.08 mg/kg of DADA o
horses no blood amounts of DADA or DIPA were
detected using the techniques outfined above. Urinary
concentrations of DIPA were detected at 30 min after
dosing, peaked at about 2,0 ug/ml at 1 br after dosing

o T——

Fig. 3. Thia-layer chromatogram of DIPA from horse vrine.
A horse was dosed with 0.8 mg/kg of DADA. Urine samples
collected from the horse at the indicated times, sxtracted
and chromatographed a3 deseribed in’methods. The pres-

m‘bl?hhﬂn-pluhmtyamw
nl,mm-wyiu% wamb,

% 1 4 &
CONCENTRATION (115/mi)

Fig. 5. Standard curve of the concentration of DIPA
s e B by v folloving e quadni
a curve

points were ,_“LH‘
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THE POST DOSING (HOURS)
Fig.ﬁmf.\mﬁouinmmundminktnﬁond
0.08 mg/kg DADA (v = 4). Plot shows the concentration
recovered over lime.

and then declined in an apparenily zero order fashion
to become undetectable at about 8 hr after dosing
(F:;.G).Mdauminpodmtwithﬂw
HPTLC data in Fig. 3, and suggest that the
periodfor_whinhDADAisﬁkdylobedumblein
urine i relatively short compared o most other
agents. ‘

Because no pharmacological effects of DIPA were
seen after administration of the 0.08 mg/kg dose, we
administered 30 times this dose to 2 horses during
our preliminary evaluations of this drug. Aler
sdministration of 0.80mg DADA/kg body wi, the
concenwrations of DIPA found in horse wrine
peakednumton[mlalsouﬁunudoﬁng.md
declined rapidly at first, then more slowly, to remain
detectable in urine at 3 hr aficr administration of the
dmﬁﬁ;.?A).SimDADAhsuawlmtdimﬁc
affect in horse urine these concentrations do not
exactly the rate of excretion of the drug. Thus
a plot of the actusl amounts of the drug excreted
lpiﬂ&ﬂ-(ﬁﬁ.?k)mwthmbu&dthe
mmmhﬂnmwuﬁnlfmdﬁn&

A

POTAL AIOUNT DXINETED (ng) | CONGENTRATION B0 URINE (og/mt)
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Fig.!.M.mmmofa derivative of diiso-

A molecular ion is apparent at 157 M/E with
-uapugmuI&l.m_mmm&"tm
ve.

snd that excretion at 90 min aller dosing was greatly
reduced. The total amount of DADA excreted in
urine as DIPA was about 11% of total drug.

(d) Mass spectroscopic confirmation. The DIPA
mmdmhmpomdmdimulomﬁm
by mass spectrometry {MS) because of its volatility
and short retention time on our GC columns. There-
fore we derivatized DIPA with propionic anhydride.
Whea derivatized a good mass spectrum of the
-pmpioay!dedvﬂheofbl?a\mobuimdwitha
molecular fon at 157 M/E units and a basc peak at
86 (Fig. 8)- ’ '

DISCLSSION

Based on the structure of DADA a number of
characteristics of this drug may be expected, Since it
umdmmmmm
mpakedhfam&uk.haboituyhupeaed
that these molecules will dissociate to yield the indi-
vidual ions, DIPA and DCA. As a secondary amine,
DIPA is likely to be highly charged at physiological
will not enter cells readily. It will
be metabotized in the horse, but

-
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Diisopropylamine dichloroacetate (DADA) in the horse

supported by the data of Fig. 7, which shows that 2
hrgepmpor%ionol‘thisdmlismwduncbmsed
inlheuﬁnc.eonﬁsumwithﬂwdm;bein;mamt
whkbmmsedhpoody.kmmdwwhr
ﬁlmﬁonandhfoundinlhemineintd;ﬁwlyhigh
concentrations.
lfDlPAisupid!yemasd.itsdemioninblood
isﬁkdytobediﬁw!tﬁmmu.iquﬁonpm:
levetsol‘lhedmzmbcupemdmdedinenpidly.
!napmtwilh!hhmmmblelodctect

initially
the difficulty in recovery and analysis for this drug
andakoinplntolherda&w!ynpidencmionof
DADA in urine.

Ourinitial problem in detecting DADA was appar-

‘detecting

Beyond
be confirmed by MS
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detectable levels of DIPA in the bloodstream of
homaﬂuddmﬂnﬂor@mglhomdmm
msonforouri:x;biﬁqtodeteathedxu;inbbodk
unclm.butklihdyrduedlotbeuhﬁvdybw
nnﬁﬁvityofwdemionmed!odandtbenpid
dunneeofm’udmgtmblood.mﬁkdihoodof
this drug in blood after clinical dosc
(Wmslhom);ppunmallsincewewembleto

'detocuhedminhloodmenhehr;ermw

dose. ‘

The detection methods reported’ here were more
ﬁunn:ﬁdentmdueathedmginuﬁne.hmr.
After the 40 dose the drug was detected in
uﬁneforuptoihr.Mlhoughthisistuhdvdym
period by the standards of other agents, it is kely
mﬁdm&toaﬂweomm!ofﬁwmdmiumin
mhommhbeume-irmedumﬁondmﬁou
(ifmy)-ofthhdnuit%hoﬂitwill have to be given
shoﬂlybd‘mpouﬁmetobeeﬂ'ecﬁve.mdthe
mhodsupondhered!owasydﬂmionohhis
drugl‘o:upwﬂn'ormonafleriuudminimlﬁon.

ﬁmphmioupfthedm;.kmaho .

control. Since underivatized DIPA is quite volatile
and therefore difficult to chromatograph. we deriv-
a&ulePAwithpmpioniemhydﬁdewmthe
mass of the molecule and reduce its volatility. When

gF3

treated in this way the
¥ a moleculst ion at 157 M/E and a base peak
ntﬁ.mdeﬁnﬂvefmmmdﬂy.d:mmwls
well and enables the development of good MS
evidence of the of DIPA in a sample.
The regulatory control of DADA is glso compli-

§
»

tk at
concentration process.
moteculeiuendswbevohmcmdismdilyloa
during the evaporation process. To overcome this utedbythefaﬂthﬂthissubsumisnhrkewdm
problem the concentrating solution was made acidic, horsemen as the supposed “vitamin By
thereby forming a salt and rendering it moslmlnefuciua{towtheuseofﬁamimnnd
noavolatile, When this precaution was taken recovery joeti i inistrath
ofthmgmmﬂyknprovd.mﬂqumﬁuﬁw
recovery of the drug from urine became possible.

Considerable difficulty was ence in identi-
fying a solvent suitable for dissolving the extracted
mauﬁalrorGleysis.Methmohppwedtom
material with different chro-
ic characteristics from authentic DIPA.

el
2,

bedin‘wd!wmdmmeuseonhhammm
grounds. This is-despite the fact that “vitamin B,,"
hummiaeddxmﬁuimandkmm
n'mdby!th.S.FoodmdDmnginiﬁﬂﬁonu -
dm«zmmlmumm_oranﬁumin. s
. hoomwore.wehavesmdiedmm e
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g
o
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was observed, Usi
mthedmpoﬂdhergbt?hwuﬁbemdﬂymv—
in respiratory geted&omurinebmnotfrombhodohhmmwd

Ty
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— —— —rate suggesting mmob__homﬂmmbmbwéc_mﬂehm

; mmmmmwmwbﬁy urine for at lesst 4 br after dosing. Simafarly, it was
mmmmmdy.hom.hmof dmablebquCdemﬁonmethodfotnhﬂShr
the ical actions of DADA asa aﬂudosiu.MSuonﬁmaﬁonof:hepmemeoﬁhe
dmgh\!hewincnmplesmpmma
propionic anhydride derivative of DIPA. Together -~
thede experi techniques should be sufficient to
signifi-- allow effective screening and MS confirmatioa of this
mmmmmmmmwmm
regulatoryeomrolol‘thisnmtinhommdnz.
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SUMMARY
Diisopropylamine dichloroacetate (DADA) is a
medication marketed for use in horses in Australia.
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In this communication we report on the detection,
m:onsandeﬂecumhorsesol‘dusopropthne,the

p y active of this agent.
To assess the physiological effects of DIPA 4 hotses

were dosed with DiPAatOOlmcikz body wt and
monitored for changes in physiological parameters.
No apparent changes in heart and respiratory rates
or body temperature were recorded in horses dosed
with 0.08 mg/kg DIPA. However, a2 transient diuretic
effect was found in 2 mares dosed with DADA at
0.30 mg/kg body wt. :

To develop detection methods in equine urine and
blood, DADA was prepared and horses were §
with 0.08mg/kg (1 = 4) or 0.80mg/kg (v =2) of
DADA intravenously. The major metabolite of
DADA in horse urine was found to be DIPA.
Athumdmoambodformm\mqmm
urine using thin-layer ehromuognphy {TLC) was

Addmmﬂy a qulnumm detection

method for DIPA in equine urine samples’ was
~ developed using gas chromatography (GC).

Extraction and alhlmuuon of samples allowed
for detection of DIPA in urine. DIPA was readily
detectable using TLC screening after 0.30 mg/kg
for at least 4 hr afler administration. GC analysis
allowed for detection of DIPA down to about 0.5 ug/
mi for about 8hr after administration of s clinical
dose of DADA at 0.08 mgikg. However, neither
DADA or DIPA were detectable in blood by either
of these methodologics.

J-M. YANG e al.
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0.5 ug/mi urine) for this metabolite was also #as chromatography,
4. mummumnuhn.mm.mmu.hqmwmmu.m
mentioned methodologies.
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INTRODUCTION was reported 10 ameliora kmmm%mm
. " s of many cardiovascular, ., hepatic, musculoske a
Diisopropylamide dichloroacetate (DADA) (Fig. 1) oy
was synthesized by Krebs and Krebs in 1952, shortly M&W“@m““m
afier these investigators had synthesized pangamic ¥4l d"f;“'"”“";mm:{ _
acid (“vitamin B,;”) and it has been suggested that  90SAE m'u ; i
these two substances are chemically and pharmaco- Becawse may W“.th:
The pharmacology of DADA has been reported in W”_““‘;‘M m";""*“@m:“"’“-
laboratory animals and humans, (Krushaar, e af., :WWP“ y the detection, actions and effects
1963) but there are no reports of its pharmacology in DADA :h&’"‘“& form of " "
borses. More recently, there have been reports of its _ °":ud Mm’m
use in racchorses, and we have therefore studied its (PIPA) and dichloroacetic acid (DCA). We studied "
detection, actions, and effects in horses. . She activity of DIPA, since this is the portion most
The principle pharmacological effects of clinical  Ekely % be pharmacologically active.
significance reported for DADA in species other than
the horse is hypotension. This response was reported MATERIALS AND METHODS
to occur after small doses, and was not blocked by Horses
ampinmmdénumwwmdmum

S e S35 ma,with o g e, Nt Tt St e i

DADA to be a safe, useful and sell-limiting vago- : :
dilator in the treatment of cardiac ischemix; valvular ¢ SXPerimestal session.
corcaary sclerosis and myocardial infarction and

| these results, Stackpole | ayoneo® .
(1969) concluded that DADA & charsesciaed b5 o S L T e
low toxicity and high therapeutic index, hypotensive CHICHY, +
action, & moderate but constant bradycardiac effect, oo, :
with prolonged increases in stroke and minute volumes mmatmman &““9 : i
and cardiac output, and & slight decresse in body . : . *
wmmmumw‘i&ﬁttk . smoornerrLAmonm
effect on metabolic processes. Beyond this, the drug

dichloro-
mmmmmmm

*To whom all correspoadence should be addressed. acetate (DCA) and diisopropylammonium (DIPA),
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Drugs

DIPA and DCA were obtained from a commercial source
(Signa Chemical Co., St. Louis, MO). For the analytical
studies, DADA. was prepared by mixing equimolar DIPA
MDCA{Iomnol)nbymemethodofGekmmd
Herbert (1982). A solution of DADA at 23% was prepared
with distilled water. This solution was steralized by filtration
for i.v. injection.

Pharmacokinetic studies

- In the kinetic studies, 4 mares were given
DADA at 0.08 mg/kg body wi. Two mares also received
DADA st 0.80 mgfkg body wt. In each case, the mares were
confined in box stalls (1 square m) before dosing and for
the entire experiment. DADA injections were made into the

Mumﬂmwwmnmm
then at 1.5, 20, 2.5 and J.0hr.
Phormacedynamic studiet

In the g ts, 4 horses (mares

Instrument Co. Quincy, MA) with clectrodes
hmﬁyat&emmdnhmwm

by monitoeing changes in Converter,
mmmuy.u)mmmu.
iaterally caudal to the diaphragm. was
mm-wm\mmﬂm:wu
Mymammmmwm
Saddjebrook, NJ).

Analyticsl methods

of the amount of DIPA in the sample. In
wmmmunum
_md.amm
A standard curve (0.5 pg/mi-10 pg/ml DIPA in blank
; samples and standards, in duplica

* YWhen DIFA was

- rates, and

1-M. YaNG & al.

the injector
.;N};edby.smm Integrator (Spectra Physics, Piscataway,

This-leyer chromatographic analysis

A TLC method was developed 10 provide qualitative
detection of DIPA. In this procedure 12 ml urine was made
basic with 0.8 m! concenteated sodium hydroxide. To this
mixture was added §ml of a petroleum ether—dichioro-
methane solvent blend {2:1). The sample was extracted for
§ min with rotary mixing. The mixture was centrifuged, and
the ocganic soivent was iransferred to 2 clean tube for
evaporation. 25 gl of 0.5% hydrochloric acid in methanol
was sdded o cach tube prior to evaporation to form a
noavoistile DIPA salt,

Antodvumﬂumdeumoraimin
a 35°C water bath, the residuc in each tube was spotied on
s Whatman bigh performance silica gei thin-layer plate
mm»mmxnplmm
was sdded 1o the residue for spotting. The thin-layer plate
m&vdoﬂh!m'htuhﬂmzmm:m

acid (7:2:1) eystem. 3

Following the plate was exposed 1o formalin
fusnes for 1 min in a sealed tank. The plate was thea over-
sprayed with ¢ (Whatman Reagents, Clilton,
M-Mhlﬁwdimuiuiumywﬁddl
brows-gray spot at R, of 0.32.

RESULTS

Phormacologics! effects of DADA
{ administered to horses at 0.08
m(wmfbone).mmbdnﬁordmpm
were obecrved. Similarly, the heart rates, respiratory
body temperatures of these horses were not
MbmkdmofDlPA(ﬁ;Z).FuMwe.
in 2 horses dosed with 10 times this amount of
DADA(MW}.MM&MMM;&:
were scen. However, there was some evidence of &
transient diuresis in mares given the larger dose of
DADA. In two mares treated -with this dose of
DADA their mean urinary flow rates increased from

-
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Diisopropylamine dichloroacetate (DADA) in the horse

Table 1. Effect of 0.8 mg DIPA/kg body wi on urine volume output

in 2 mares
Mare
Tisne {min) A B X {mlfmin)
-60 028 a2 50
-3 Ln o3 6.30
10 3.40 20 12.7
2 130 35 187
30 1.0 135 7.60
40 4.5 120 $.30
50 .20 9.60 590
60 340 740 540

§ml/min in control animals to about 15 mlluun at

15 min after dosing (Table 1).

Detection of DADA in urine and plasma
(a) Drug recovery. DIPA & an unusually difficult

drug to detect in the blood or urine of horses. This

hbmmitknmiomﬂymﬂmohcule.is
strongly basic, and is quite volatile. Because it s
strongly basic, the pH of the solution used to extract
it must be very atkaline. Prefiminary work showed
that ‘it does not extract well under the pH 9.5

extraction conditions routinely used to extract basic
drugs. To successfully extract DIPA it was neccssary
10 increase the pH of the extraction sysiem 10 about |

pH 12.0. Beyond this, recovery of this drug alter it

had been extracted posed further problems. This is-

because the DIPA molecular is light and volatile and
is ensily lost during the cvaporation and concen-
tration steps used in most drug analyscs. We found
that a satisfactory way to handle this drug was to
render the solution very acidic. thereby quaternizing
the drug and reducing its volatility. Ia this way it was
possible to concentate the sample without losing all

of the DIPA by evaporation.
(b) Thin-layer chromatographic analysis. Aler
spiked and post dose urine samples were treated and

DADA
{4) Form ¢ Drog
(2) No MOy

“Stoy Yuned 373" 7-2'1

635
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PEAX HEIGHT =

RETENTION TIME (MIN)->
Fig. 4. Typical chromatogram of DIPA (retention time 0.89
min) with isopropylamine (retention time 1.40 min) run as
an internal standard under GC conditions outlined in
Methods.

developed on the high-performance thin-layer chro-
mwﬂgphy(ﬂmmu.lwﬁsdhmmy
spots with an average R, of 0.32 were obtained. After
administering DADA at 0.08 mgikg, the residue of
DIPA in urine was still readily detectable at 4 hrafier’
dosing (Fig. 3). This method is therefore sulficiently
semwfofmmm'ofDADAmpoum
urine

(c) Gas chromategraphic Thecmiuluep
in the GC anslysis of DIPA was identifying
opnmalw!muwndmolveuwDIPA.chm
isopropanol to give the best resuits. When this
sequence of extraction-recovery steps was followed
we found about 50% recovery of DIPA added to
urine samples. The method is therefore sufficiently
sccurate and semsitive to allow quantification of
DIPA in horse urine samples. A typical chromato- :
gram of DIPA is shown in Fig. 4.

The threshold for detection of DIPA is about
0.Spug/ml. A typical standard curve for DIPA in
horse urine is nonfinear but well fitted by a quadratic
function (Fig. 5). Using this method urinary concen-
trations of DIPA in horse urines afier administration
of different doses of DADA was followed.

Alter administration of 0.08 mg/kg of DADA o
horses no blood amounts of DADA or DIPA were
detected using the techniques outined above. Urinary
concentrations of DIPA were detected at 30 min after
dosing, peaked at about 2.0 pg/mi st 1 hr after dosing

Fig. 3. Thin-layer chromatogram of DIPA from hoese urine.
A borse was dosod with 0.8 mg/kg of DADA. Urine samples
collectod from the horse ut the indicated times, extracted
snd chromatographed as destribed in'methods. The pres-
ence of DIPA fa the sampies is indicated by & brown'spot
u&omwms?mmmmw

4 L 8 10
Fig. 5. Standard curwe of the concemtration of DIPA
mmmwwmwmmm
mmﬂﬂﬂhlmm&qmm

function y = ax? 4
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DIPA CONCENTRATION (o/n) 2
P
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7 YW POST DOSING (HOURS) » : | |

0.08 mg/kg DADA (¢ =4). Plot shows the concentration MASS / CHARGE
recovered over time. 3 Fmtummdapoﬁwyldainunorm
Amlec\lluioniuwmulISTMIEwilh
“‘dmmiﬂmlppamndymotdcrruhion lhnpuk:hwnnu.lguqdmmhemiuonhe

t;_be?mud:‘te:abkuabomlbraﬂm'::siu; derivative.

These i agreement with the .. ) )
%héaumgfpﬁwmwm mdﬂmexemmawmanerdoangwugmt_ly
peﬁodl’o('mmhm“hmmh mmmmammmwdm

Mgl uiuuDiPAmaboutll%oftouldrug.
Grine is relstively short compered to most other ™ oy arays spectroscopic confirmation. The DIPA

agents. . :
Beca 1 scal effects of D! msd'thummmdmd:muwmﬁm
mﬁMdmmﬁlm Wmmqlﬂﬂbmmofmvohumy
administered 10 times this dose w 2 horses during and short retention time on our GC columns. There-
our preliminary evaluations of this drug. Afer M*MMDIMM&mmﬁM
administration of 0.0 mg DADA/kg body wt, the When derivatized 2 good wmass wmo( the
concentrations of DIPA found in horse urine wwﬁduinﬁveefbwgmm with 8
peaked at about 30 ug/ml at 30 min aftcr dosing. and molecular fon at 157 M/E units and a base peak at
dedinednpidlxaﬁmthmm;_b_w!y._mmm 36 (Fig. 8).

;pmamwmlmmd“?mm
against time ig. 7B) shows that the great ol the .
drug excretion occurs in the frst 30 min after dosing, m::,mﬁm:mwm
: vidual jons, DIPA and DCA. As a secondary aminc,
DlPAkﬁkdywhehilhlyehlrgedatphysiological
pﬂuduawhwinnotenm-eensmdily. It will
Md‘oremdmwbembolbedhmehom.but
whe_emwdbymuhrﬁmﬁmnnmhtbe
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Diisopropylamine dichloroacetate (DADA) in the horse 687

supponedbythedataofﬁg.'l,whidlshowsthnta
hrgeproponiono!'thisdmgkexmdumhanged
in the urine, consistent with the drug being an agent
whiehenmscenspooriy.isexuewdbyﬂom«u!ﬂ
fitration and is found in the urine in relatively high
concentrations.
lfDlPAhnpidlymeted,iudewcﬁoninblood

highumwhomsmﬁhrly.mlhohaduouble
iuiﬁauyindﬂzcﬁngthisdm;inmine.duinpnnw
the difficulty in recovery and analysis for this drug
andnuoinpmmlherehﬁulynpideme&onor
DADA in urine.

Ourinitial problem in detecting DADA was appar-
enﬂyduetothemybtﬁcm&u:eoﬂhisdmg.‘ﬂhile
the pK, of DADA is not known, it is apparently more
basic than the average basic drug recovered in equine
drug testing. Most medications found in equine urine
exctract well at a pH of about 9.5, while to extract
DIPA. a pH of about 12 was required. The simplest

ion for this fact is that the pK, of DADA is
mmhhi;h«mnmuofmhﬁcdmp.mdfor
thismondnpﬂohheamﬂingmdimhumbe
Mghu.wmnmepﬂdthemmmmmm
increased to 12.0, DIPA extracted well and recovery
oflhisdmgfmnﬁnemmdyhnpmwd.

Aswllasbcin;dimcuktoe:m[mm urine
DADA turned out to be difficult to bandle in the
concentration This is because as & small
molecule it lends to be volatile and is readily lost
during the evaporation process. To overcome this
problem the concentrating solution was made acidic,
thercby fomia;amohmﬂaruh:ndnnduin;it
ofﬂwdm;wu;mdyimpmwd.mdqmnﬁuﬁve
recovery of the drug from urine became possible.

Considerable difficulty was enc in identi-
fying a solvent suitable for dissolving the extracted
mataialforGCandysk.MeMappwedmmct
with DIPA to yicld a material with different chro-
matographic ctert from authentic DIPA.
I-sopmpnnol-wnse!ecudud\emh!mowhidi
DIPA could be dissolved and chromatographed

Dosing with the clinically suggested dose of
DADA (0.08 mg/kg or 40 mg/horse) produced no
appmtmﬂeﬁu&htbepthudiqnﬂer
dmdﬂ.%mﬂkgbl?&m&ammmum

temperature. More significantly, however, in view of
gical actions ofDAg:n:so}
hypomnputmuemmwem
thisdouol‘DtPAon.theavdimntqeoflhm
hom.lnmnl.muﬁghtupectﬂunfthis_dmg
mablewndwbloodmuiqnhom.miﬂ--
mﬂyatﬂ:hdouitmld:hohhkdytom
tbemnuwofﬁmhoml.ﬂos\mheﬂectm
found.muatingthalthedinicﬂly recommended
dosuofthisueatmmtﬁhdy.mprodma
phgmmbﬁuuyewvchypomoamhom
In addition to not producing pharm
eﬁ'ecu,thesedosuofDADAdidnot‘gweﬁseto

ar. Wb

Beyond
be confirmed by MS

detectable levels of DIPA in the bloodstream of
horses after either the 40 or 400 mg/horse doses. The
reason for our inability to detect the drug in blood is
unclear, but is likely related to the relatively low
nnﬁﬁﬁtyofgudﬂwﬁonmhodudthenpid

|
:

" here were more
than sufficient to detect the drug in urine, however.
Afherthemmmudoumedmamdme&edin
urine for up to § br, Although thisisa relatively short
petiodbylhemndudsofotlwrnmu.hislikdy
sufficient to aliow control of the use of this agent in
racehorses. This is because if the duration of action
(ifany)ofdﬁldmgiuhmitwﬂlhavembeﬁm
:horﬁybefmpouﬁmetobeeﬂ'eain.udthe
methods here sflow easy detection of this
dmgforupto4hrormorenﬂaetiuadnﬁlﬁmﬁon.

i detection of the drug, it must also

control. Since underivatized DIPA is quite volatile
nadthud‘ondimumdubcwmph.wdeﬁw
atized DIPA with propionic anhydride 1o increase the
mass of the molecule and reduce its volatility, When
treated in this way the propionyl desivative of DIPA
yielded a molecular fon st 157 M/E and a base peak
2t 36, This derivative forms readily, chromatographs
well and coables the t of good MS
evidence of the presence of DIPA in a sampie.
The regulatory control of DADA is also compli-
aledbylhefmd\auhismbsumismrketedw
horsemen as the supposed “vitamin B,,". Since
most rules of racing allow the use of vitamins and
mmuicﬁoumpheedonuﬁudmiuinnﬁonto
hotses. or on their inclusion in the horses dict, it can
be difficult 1o regulate the use of this agent on forensic
grounds. This is-despite the fact that “vilamin B,;"
has no recognized chemical structure, and is not recog-
nimdbyd:U.S.:FoodmdDm;Adminimdonas
cither a discrete chemical structure or as a vitamin.
[n conclusion, therefore, we have studied the detec-
ﬁoa,ditpodlionant,ibebavionleﬂ’eﬂsoI‘DADAin
hors_es.Wheaudministetedi.v.atadouo{ngl

hommeMlePAonthebdnvior.hunor :

uspimotynmorhalbodympemmofhom
was observed. Using an extraction and recovery
nmhodrepomdhe:e,DIPAcouldbemdilymw
,emdfmmnﬂmbutnotfmbloodoﬂhuenuted

: IPA was detectable in horse

analysis to enabic its regulatory

__borses. Using HETLC. D
urine for at least 4 br after dosing. Simifarly, it was

dembhbyaGCdctec!ionmethodfoutthhr
merdom.'MSmﬁrmaﬁonoflheprwoﬂhe
dmg.inthewiaeumplelmpom'bhminst

propioaic anhydride derivative of DIPA. Together

thele experimental techniques should be sufficient to
allow effective screening and MS confirmation of this
dmghpen.mwineumplamdanowtordfeeﬁve
reguhwrymntroloﬂhisagentinhcmndng.

SUMMARY
ine dichloroacetate (DADA) is &

medication marketed for use in horses in Australia.

=

Lt e

TINET



638

In this communication we report on the detection,
actions and effects in horses of diisopropylamine, the
pharamacologically active portion of this agent.

To assess the physiological effects of DIPA 4 horses
were dosed with DIPA at 0.08 mg/kg body wt and
monitored for changes in physiological parameters.
No apparent changes in heart and respiratory rates
ot body temperature were recorded in horses dosed
with 0.08 mg/kg DIPA. However, a transient diuretic
effect was found in 2 mares dosed with DADA at
0.830 mg/kg body wt. :

To develop detection methods in equine urine and
biood, DADA was prepared and horses were injected
with 0.08 mg/kg (n =4) or 0.80mg/kg (n =2) of
DADA intravenously. The major metabolite of
DADA in horse urine was found to be DIPA.
A qualitative detection method for DIPA in equine
urine using thin-layer chromatography (TLC) was
developed. Additionally a_ quantitative detection
method for DIPA in equine wrine samples’ was
~ developed using gas chromatography (GC).

Extraction and alkalinization of samples allowed
for detection of DIPA in urine. DIPA was readily
detectable wsing TLC screening after 0.830mg/kg
for at least 4 hr alter administcation. GC analysis
allowed for detection of DIPA down 10 about 0.5 ug/
ml for about 8 br afier administration of a clinical
dose of DADA at 0.08 mgikg. However, neither
DADA or DIPA were detectable in blood by either
of these methodologies.
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