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ABSTRACT
ABSCRPTI ON, DI STRI BUTI O\, AND EXCRETI ON CF
| M DOCARB DI PRCPI ONATE
(3,3 -bis-(2-imdazolin-2-yl) carbanilide)
IN SHEEP. (August 1974)
Yusuf GGaru Aliu, DV.M, Cornell University.

Spect rophotonetric and thin-layer chromatographic
nmet hods for quantitative and qualitative determnation
of imdocarb in biologic specinens are descri bed.

I mdocarb was extracted under basic conditions from

pl asma, urine, mlk, bile and honogeni zed ti ssue sanpl es
into organic solvents. Follow ng extraction and con-
centration in 0.82 N HCO, the drug can be qualitatively
identified by thin-layer chronatography and spectro-
photonetry. The detection Iimt for estimation of pure
i mdocarb in aqueous sol ution by spectrophotonetry is
equi valent to a concentration of 1.0 pg/m in plasma
and ot her body fluids and 5.0 pg/Gnin tissues. Wth
thin-1ayer chronatography, the m ninum detection |eve
is 0.21 pg.

Fol | owi ng intravenous injection of imdocarb
di propionate (2.0 ng/ kg of body wei ght) into sheep, the
high initial plasma concentration of 10.8 pug/m fel



very rapidly to 1.9 pg/m in 1 hour, and was |ess than
1 pg/m in 4 hours post injection. Wen 4.5 ng/kg of
body wei ght of imdocarb was injected intramuscul arly

I nto sheep, peak plasma concentrations of 7.9 ug/ni
were attained within 4 hours. This was followed by a
rapid decline within the next 2 hours to 4.6 pg/m, and
then by a very slow decline of several weeks durati on.
Trace anmounts were still present in the plasna 4 weeks
after treatnment. The drug was bound to plasnma proteins
to the extent of 21-53% and the apparent vol une of
distribution was slightly higher than the total body
wat er .

I mdocarb was widely distributed in the tissues of
sheep. Concentrations in the tissues studied were con-
sidered high and detectable anounts were present 4 weeks
after admnistration. Twenty-four hours after adm nis-
tration, the highest concentrations occurred in the
ki dneys, liver and brain. Using G |abelled imdocarb
to study its distribution in the brain, significant
radi oactivity was detected in all regions wth highest
concentrations occurring in the pituitary gland, the
pi neal body and the olfactory bulb. The concentrations
of radioactivity nmeasured in plasma (0.013 pg/m) and

sheep red blood cells (0.016 pg/m) indicated an equal



partitioning between plasma and red bl ood cells.

No netabolic or biotransformati on products could
be detected by the nethods of assay. Approxinately
11-17% of the adm ni stered dose was excreted in the
urine wthin 24 hours; thereafter, the excretion rate
was very |ow and detectabl e anounts were present for 4
weeks. The rate of renal clearance of imdocarb was
found to be considerably bel ow glonerular filtration
rate indicative of tubular reabsorption.

The relatively high concentrations of the drug
found in the bile suggest that biliary excretion of
imdocarb is an inportant route of excretion. Hgh
concentrations were also found in the mlk of lactating
ewes. Wen the mlk was fed to nursing | anbs, no drug
coul d be detected in their plasna.

Imdocarb did not affect oxidative phosphorylation

of isolated rat |liver mtochondri a.
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CHAPTER I

INTRODUCTION

The introduction in 1939 of aromatic diamidines
which display broad antiprotozoal, antibacterial, and
antifungal properties inaugurated a new era ‘of advance
in the therapy of several diseases (53, Investigations
were also stimulated by an interest in the hypoglycemic
effects (6, 26) of these compounds leading to the
development of a series of highiy valuable diamidine

drugs.

A number of diamidines of the carbanilide series
has been shown by Schmidt and coworkers to have babesi-
cidal activity in mice. Of these compounds, imidocarb®
(3,3'-bis-(2-imidazolin-2~yl) carbanilide, or 1,3-bis-
(2~-imidazolin-2-y1l) phenyl urea ) was found to be most

effective (8, 75). Its structural formula is:

N N

The citations in this dissertation follow the

style of the Journal of the American Veterinary Medical
Association.

aq Burroughs~Wellcome and Co., Ltd., Raleigh, N.C.



‘needed as to its distribution and fate in the body of

- domestic animals.

- develop simple, efficient extraction and detection

Recently interest in imidocarb has centered around its
apparent effectiveness in the treatment and prophylaxis

of babesiosis (7, 8, 10, 11, 12, 28, 50, 72, 75, Bl, 92}

and anaplasmosis (7, 51, 70, 71). . o e

Pulmonary edema, renal damage and hepato-toxicity,
caused by imidocarb have been reported recently by Adams
in cattle (1), and by Corxier |

in goats {16). The

cheolinergic manifestations of acute imidocarb intoxi-

cation have been described by Todorovic, et al (81). j
Pharmacokinetic and metabolic studies of imidocarb have
been hampered by the lack of a sufficiently simple and
sensitive method of detection in the tissues of animals
receiving therapeutic doses, Since it is effective

against Babesia and Anaplasma, more information is

g . ]
Hox b <
‘“JX\ Co . LR
I : P

The objective of this research was twofold: (i) to |

procedures whereby imidocarb could be measured in low
concentrations in biologic tissues and fluids; (ii) to
determine its absorption, distribution, and excretion

in sheep. -

s




CHAPTER II

~. REVIEW OF LITERATURE

Assay of Diamidines

Priér chemical procedures for aromatic amidines
utilized either colorimetric determinations or
measurement of fluorescent end products of reacﬁiOns e
between specific compounds and the amidines. Ekeley .
and Ronzio in 1935 (22-24) first studied, from the
standpoint of preparative organic chemistry, & reaction
between the aromatic amidines and glyoxal. They
described a series of yellow-colored derivatives which
were obtained when aromatic amidines were heated with
glyoxai in alkaline solution or condensed further with
aldehydes. The reaction was complex, and the results
were uncertain and dependent on the conditions employed.
o In 1944, Fuller (30, developed a procedure based
upon the reaction between aromatic amidines and glyoxal.
By heating amidines with a very small amount of glyoxal
at pH 9 in the presence of a borate buffer, reliability
‘was improved, and the end product could be measured
colorimetrically. The method was reported suitable for
estimating amidines in blocd, urine, and feces (25).

It was applicable for 50 different unsubstituted




aroﬁétic aﬁidinés, bﬁt nct for those containing methyl
groups attached to the amino-nitrogen atom. Furthermore
the reaction did not occur with guanidines, biguanides, I
amines, or aliphétic amidines and was dependent on the
amount of glyoxal used. : _ \'

Devine in 1944 {19) reported 2 procedure for the
estimation of amidines using the brown color produced
when an amidine is heated with a large excess of glyoxal
in strong caustic soda, This method, however, had ' *
several disadvantages in that the glyoxal reagent is
unstable and must be made up daily; the conditions of
heating (30 seconds in a boiling water bath) were
difficult to reproduce exactly and the color developed
was unstable. Hampton (37) found it to be applicable
for stilbamidine in pure solution, but not for stil-
bamidine in the presence of urine or plasma.

The colorimetric methods of Fuller and Deﬁihé were
sensitive only to 10 ug/ml in pure solution, which is
not sufficiently sensitive for concentrations achieved
during therapy. Later, however, Fuller (29, 30)': |

reported that reaction products from some arcmatic

amidines fluoresced in ultra-violet light at dilutions
as low as 0.0l ug/ml. Compounds of the diamidine series

which are sparingly scluble, showed no color change with I

|




variations in pH and did not fluoresce. Devine assayed
stilbamidine spectrophotometrically and found the
sensitivity of this method to be of the same order as

that for colorimetric methods.

In 1946, Jackson and associates (44), by application
of a reaction originally studied by Ekeley and Ronzio
{22~24), developed methods for aromatic amidines by
measuring the fluorescence of the reaction product
{a glyoxalidone) between an aromatic amidine, glyoxal,
and benzaldehyde in alkaline agueous solution. They
worked with stilbamidine, propamidine, pentamidine,

phenamidine, and p-carbethoxybenzamidine. The two

procedures described for extracting these diamidines
frbm piaéhacand urine were time consuming. The first
involved preparation of protein-free centrifugates with
dialvyzed iron; but it was limited to higher concentra- ‘
tions of the drug. The second involved extraction of
the aromatic diamidine with butyl alcohol. It allowed
for analysis of smaller quantities (0.5 uUg) of the
compound, but required considerably more time. For_
general applicability to amidines, the methods bf:
Jackson et al had certain advantages over the procedures

described by Fuller (29, 30) and Devine {19). They were

less dependent upon the concentrations of reagents used




and provided a more nearly linear relationship between
the intensity of fluorescence and the concentration of
the amidine employed. Samples of urine, however,
frequently contained extraneous compounds which in-
hibited the reaction. In addition the distribution
coefficient of the glyoxaline derivative between butanol
and an alkaline aqueous solution of urine differed
somewhat from the coefficient of distribution between
butanol and a pure alkaline agqueous phase at the same
pPH. For these reasons, spiking of urine samples was
necessary to improve the efficiency of estimation of
the diamidine in urine.

The specificity of the reaction between aromatic
amidines, glyoxal and benzaldehyde used by Jackson and
associates (48), has been further investigated by
Waalkes and De Vita (85) who developed a fluorometric
method whereby pentamidine could be measured in body
fluids and tissues. Aromatic amidines are readily and
guantitatively extracted from basic agueous solutions
by specific organic solvents (14, 29, 30). In the
determination of pentamidine, Waalkes and colleague
found the best reagents to be immiscible alcohols and
organic acetates. N-Butanol was the most useful for

plasma. Both n-butanol and ethyl acetate were



ééﬁisfactory fof\pénﬁamidine in urine. Eﬂé:fluorescence
of the final end product was enhanced by the presences

of l-octanol and ethyl acetate. Due to small amounts

of water present, the final l-octanol solutions were.'
always slightly cloudy. The addition ¢f a small volume
of 2-propanol gave completely clear solutions essential
for fluorometric analysié. The method could detect

amounts of pentamidine as small as 0.2 uga/ml of

plasma or per gram of tissue. This was sufficiently
sensitive for the plasma, urine and tissue determinations
in man following therapeutic daily doses of pentamidine
isethionate.

Waalkes and De Vita also used thin-layer chromato-
graphy to identify pentamidine in urine and tissue
extracts; but it was a less sensitive method than the “W*
flﬁorometric procedﬁfe. The solvent used was a mixture
of butanol, acetic acid, and water (6:2:2 by volume). '-

Stilbamidine gives a brilliant blue fluorescence
in.ultraviolet light. This fluorescent property was
employed by Henry and Grindley in 1942 {43) and by
Bampton in 1947 (37} for the detection and estimation of
stilbamidine in biological f£luids. A standard drop of
the unknown fluid was placed on filter paper and allowed

to dry and its fluorescence was compared with that of




similar drops of known concentrations of the drug. This
method was sensitive to concentrations as low as 0.25
kg/ml and it has been employed by Fulton and Grant (33)
to compare the uptake, localization, and effect of
stilbamidine on normal and resistant strains of

Trypancsoma rhodesiense.

Using the fluorescent property of stilbamidine,
Henry et al (44) developed a method for
extracting and estimating the drug in biological tissues.
The drug was extracted by boiling the tissues in a
water-bath for several hours with 10 per cent
hydrochloric acid. The stilbamidine in the hydrochleric
acid extract could then be readily estimated by
comparing the fluorescence of a spot of the solution on
filter paper with that of a series of standard spots.
No indication was given as to the sensitivity or

limitation of the test.

Stilbamidine labelled with radioactive carbon-14
was synthesized by Reid and Weaver in 1951 and
administered into the tail vein of mice for studying the
distribution and excretion of the compound (69).
Tissues, feces and blood were collected and dried in

vacuo. Each tissue or an aliquot sample was burned in a



combustion train to carbon dioxide, which.infturn Qgs
converted to barium carbonate and its radiocactivity
measured by the method of Dauben et al (17).

Fulton and Mathew (34) also prepared carbon-14
labelled stilbamidine in order to detect its absorption
by trypanosomes and tissues. They used the fluorescent
properties of stilbamidine in conjunction with |
radioactiye scanning and paper chromatographic
téchniques} These researchers were the first to use
paper chromatography for the separation of diamidines
and the amides derived from their metabolism. The
solvent system used was a mixture of pyridine, iscamyl
alccochol, and water {(7:7:6 by volume). The chromatograph
wag run for 18 to 24 hours and the spots were detected
on the dried paper by ultraviolet light. The  *
chromatograms were also scanned for radicactivity.
Fluorescent non-radioactive spots were frequently
observed, but no definite indication of non-fluorescent
radioactive spots was found. Théy concluded that the
nethod would be applicable for most other diamidines
and could be made very sensitive and accurate.

Radioisotope counting was also used by Launoy and
others (82} in 1960 to study the distribution and

elimination of carbon-14 labelled pentamidine in mice
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ané rats. In 1972, Virji and Laverty (84) studied the
absorption and tissue distribution of tritium-labelled
bunamidine hydrochloride, an amidine found effective

against Echinococcus granulosus in dogs (35). The

samples were analyzed for radiocactivity using liquid
scintillation spectrometry. A disadvantage to the use
of radioisotopes is that it is not possible to
distinguish the chemical nature of the labelled compound
and, thus, the compdﬁnd Neagured may be a metabolite

rather than the parent drug.

Several biological assay procedures have been

utilized for the determination of diamidines. The

presence of trypanocidal diamidines in serum could be
- detected by adding sensitive trypanosomes to the fluid
and incubating for 24 hours {(4¢). Diminazene aceturate
, exerted a bacteriostatic action on Brucella and this action
' has beeﬁ employed to estimate its concentration in the
hlood serum of treated dogs with a sengitivity of 0.1 to
1 ug/ml (4). |

Clarke (14} has reported that amicarbalide, a
babesicidal carbanilide very similar in structure to
imidocarb, could be extracted by organic solvents from
alkaline aqueous solutions. The extracted drug could

then be quantitatively and qualitatively identified by




paﬁer or thin—igier chromatogfaﬁhy. With paﬁer:f‘}
chromatography, a Whatman No. 1 paper was used aftér

it was buffered by dipping in a 5% solution of sodium
dihydrogen citrate and dried at 25°c for 1 hour. The
solvent system consisted of 4.8 Gm of citric acid in a
mixture of 130 ml of water and 870 ml of n-butanel, It
was developed by ascending chromatography for 5 hours.
The spot was located either by iodoplatinate or by
examination under ultraviolet light at 254 nm, The Ry
value of amicarbalide by this system was 0.03. Using
thin-layer chromatography, the solvent system was a
mixture of strong ammonia solution and methancol {(31.5:100
v/v). Development was by ascending chromatcgraphy for |
30 minutes. The chromogenic agent was acidified icdo-
platinate; the Rg value was 0.05. Other diamidines
{(diminazene aceturate, phenamidine, stilbamidine} have
also been identified by paper and thin-layer chromato-
graphy (14, 34).

Pellizari et al (66) utilized gas-liquid chromato-
graphy to detect imidocarb, but accurate measurement
below 1 Hg/ml was not possible. These investigators
medified the procedure described by Deombrowski and Pratt
(21) for fluorometric determination of the drug. The
detection limit for estimation of imidocarb in agueous

solution by fluorimetry was 4 ng/ml. While the method

S
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. approximately 0.39 and 0.29, in the 2 solvent systems,

' respectively; for imidocarb-AHP it was 0.44 and 0.55,

l

is ﬁéry ” sensitive, it has many disadvantages. It is
long, tedious and almost impractical for a large number
of samples; many of the diazotization reagents (eqg.,
DAP in acetate buffer, ammonium sulfamate, sodium |
nitrite} have to be prepared fresh daily.

Pellizari and coworkers also studied the use of thin-
layer chromatography in determining the purity of
imidocarb and its acid hydrolysis product. They used
silica gel HF 254 (Merck) as the adsorbent and two
different solvent systems [n-butanol/acetic acid/water
{(2:1:1 by volume), and methanol/diethylamine (9:1 by

volume)] . The Ry value of imidocarb was found to be

; respectively. Visualization was by long and short wave

ultraviolet light., No attempt was made to gquantitate

imidocarb by this method.

Both ultraviolet ahd.infra—red absorpticn.sﬁectra
have been used for gqualitative and quantitative
determination of diamidines (32, 39, 43, 58), The first
specific spectrophotometric method for the estimation of
diamidines was developed by Fulton and Goodwin in 1945
{32)., Their method was based on the fact that stil-

bamidine, in aqueous solution, exhibits a strong
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spectrallabsorptiéﬁ baﬁd with maximum at 329 nm.r:They
recommended its use for the determination of those
members of the diamidine series useful in clinical:
practice, because all of these drugs'hAVe a definite
absorption band in the near ultra-violet region. -
Changes in the character of the absorption spectrum
after exposure to light, whereby the ethylene linkage
of stilbamidine became saturated, were observed. They
hoped that metabolites of these drugs in the animal
body could be similarly detected. The extraction
procedure was simple and the method was capable of

. measuring the drug content of serum to 5 ug/ml.
Amicarbalide in 0.1 N sulphuric acid has been found to
have maximum absorption at 232 nm and an inflexion at
257 nn. 1In the infra-red region the principal peaks of

! amicarbalide oceurred at 1195, 1580, or 1672 cm {14).

Several workers have reported on the use of
. microcolor tests for estimating diamidines (14, 83).

A gimple field method for the determination of

- pentamidine and dibromopropamidine in body fluids, which
was based on the development of a yellow-crange color

by diamidines with Fearon's penta-cyano~ammonio-ferrate
reagent, was reported by Trought in 1949 (83}. cClarke

(14} has reported that amicarbalide gave a pale vellow/

l
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red reaction to the Vitali's test with a sensitivity of
0.25 pg. Stilbamidine has been estimated by an ammonium
molybdate test (14). In the presence of stilbamidine, a
pale blue color was obtained with a sensitivity of 1 ug.
Clarke (14) and Trought (83) concluded that many
compounds gave various shades of yellow, orange and

brown which are of little diagnostic value.

Microcrystal tests are among the oldest, the
simplest and the most sensitive tests used in toxicology.
Although unsuitable as a primary method of identifica-
tion of an unknown compound, these tests have been used
to confirm the provisional identification of some
diamidines made from chromatographic or spectrophoto-

metric evidence (31).

Pharmacology of Diamidines

Absorption

To cause a therapeutic effect, a drug must reach
its site of action in effective concentrations and
remain at these sites for a sufficient length of time.
The tissue concentration of a drug depends upon several
factors. The concentration of a drug in the blood is

determined by the amount administered, rate of

absorption, rate and extent of distribution, and rate
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with which the drug and its metabolites are excreted.
The absorption, distribution in the body, and excretion
of a drug depend to a large extent on the lipoid nature
of the particular cellular boundaries that the drug nust

penetrate, and the intrinsic lipophilic properties of

the drug.

The diamidine compounds possess limited water' ‘
solupility {79} and are not well absorbed when.QiVen
by meouth (40). Beveridge (8) has reported that imido-
carb was much less toxic to mice when administered
orally than when given by injection. She gave no indi-
cation as to the amount or proportion of the drug
absorbed by this route, except that it had a negligible

effect against Babesia rodhaini. Virji and Laverty (84)

fed tritium-labelled bunamidine to fasted and non-fasted
rats and dogs. They found that there was a great deal
of individual variation, both with respect to the amount
absorbed as well as the time taken to attain a peak
plasma level. They also found that the degree of
absorption was not dependent upon feeding or starving,
but that other physiclogical processes were involved.
When given by subcutanecus injection, all
diamidines are moderately absorbed according to the

absolute size of the dose. After subcutaneocus injection

{
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of stiibaﬁidine.into mice ﬁnder ultraﬁiolet
illumination, a faint biuish glow could be seen at the
site of injection 9 days later, indicating local
fixation by the tissues (41). When diminazene acetﬁféte
at a dose rate of 7 mg/kg was injected intramuscularly
into dogs, the serum concentrations were maximal in 3
hours at 3 pg/ml, and were less than 1 ug/ml at 16 hours
{4). Launoy et al (52) have reported that pentamidine,
when administered by intramuscular injection, conferred

prolonged resistance to infecticon by Trypanoscma

gambiense or T. rhodesiense due tc a depot sort of

prophylactic effect. This route was much safer than the
intravenous route, but in both instances, the drug was
removed very rapidly from the circulating blood and
deposited in tissues.

After intravenocus or iﬁtfaperitoneal injection of
all diamidines, the concentrations in the blood fall
i very rapidly. When 10 mg/kg of stilbamidine was injected
intravenously into rabbits, the blood concentration wa§
about 0.5 ug/ml at 2 hours and less than 0.05 ug/ml
after 6 hours (39). Fulton and Goodwin (32) recorded
the serum levels of stilbamidiné.ih miée over a period
of 120 minutes after a single intravenocus injection.

The highest drug concentration was found within a few
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seconds of adminisﬁration, and decreésea fébidiy aﬁring
the first hour. After single intravenous injections of
0.4 mg of carbon-14 labelled stilbamidine isethionate
into mice Reid and Weaver observed that in as little as
two hours there was only a minute trace of radiocactivity
present in the plasma and the red blood corpuscles (g9).
Virji and Laverty (84) measured the plasma levels of
tritium=labelled bunamidine hydrochloride after a rapid..
intravenous injection of 0.6 mg/kg to degs. A peak
plasma concentration was attained in 2 minutes; but.at
the end of 160 minutes, no significant plasma levels
were noted. After a single intravenous injection of 0.5
mg/kg ©f imjidocarb fo a cow, a peak plasma level of 6.6
Wg/ml was achieved within 2 minutes and declined rapidly

to 0.5 wg/ml in 4 hours (¢3).

Distribution

Earlier work on the distribution of diamidines (15,
41, 58 , 65, 73, 77) has led to the conclusion that
extensive retention and storage for prclonged periods
must occur. The difficulties encountered in assaying
the drug in body tissues has hampered determination of
the sites and length of storage.

Henry and Grindley (43), using the fluarometric

assay procedure, added stilbamidine to whole sheep blood
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and fouhd.that hdst of the'compéﬁhd.diSapﬁéaréd froﬁ the
plasma. These investigators concluded that erythrocytes
have a high adsorptive capacity for the drug, but in
animals treated with stilbamidine they did not note
binding of the drug by the erythrocytes. Fulton and
Goodwin (32) repeated these experiments and were unable
to confirm the findings of Henry and Grindley. Aalso in
a later study by Henry and colleagues (44), it was
observed that even after a series of injections, no
detectable amount of stilbamidine was present in the
plasma of sheep and none Was present in the erythrocytes.
The liver of a sheep that died three months afte; the
termination of a course of injections, presumably ffom

the delayed toxic effects of the drug, contained a high

concentration of stilbamidine. Rats were also reported

to accumulate stilbamidine extensively in their livers,
but differed from the sheep in that much of the drug was
eliminated from the liver. No organ, even the skin, was
entirely free from stilbamidine in a rabbit killed 2 |
months after a course of injections of the drug.

Using ultraviolet illumination to detect the

- presence of stilbamidine in mice after subcutaneous

injections, Hawking and Smiles (41} demonstrated that

stilbamidine collected chiefly in the liver, kidneys,
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possibly in the serous covering of the small intestine,
the skin at the site of injection, and the paw pads.
Several investigators (15, 38, 73 , 77 ) have drawn

attention to neuropathy occurring in patients some 2-5

months after treatment of wisceral leishmaniasis
(Kala=azar) with fresh sclutions of stilbamidine. From
a careful clinical analysis of the signs and symptoms,
Napier and Sen Gupta, in 1942 (58), and Sen Gupta, in
1943 (77), reported that the lesion produced is located
in the trigeminal nucleus, a property probabhly related
to its ethylenic component. Collard and Hargreaves, in
1947 (15), and Sati, in 1948 (73), found that the

condition had a much wider distribution, In some cases

it involved the seventh and ninth cranial nerves, and
{ in others the areas of distribution of the cervical and
dorsal spinal nerves were affected as well. In dogs
l poisoned with stilbamidine, Oastler and Fidler (65)
‘ found definite lesions in the central nervous system,
] most commonly in the thalamus and caudate nucleus but
| also in the cerebral cortex, cerebellum, brain stem and
spinal cord. |
In 1951 Snapper aﬁd cowofkéfé (78) conducted én
© extensive study of the distribution of stilbamidine and

E 2-hydroxystilbamidine in parenchymatous organs and
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tumours. These investigators found that only 5-10% of
the amount of either of the drug injected intravenously
was excreted in the urine. A greater part was deposited
in various organs, especially the liver, kidneys,
adrenal glands and the sweat glands. The deposition
seemed to differ somewhat in different species. 1In

mice more drug was found in the kidneys than in the
liver, and in man and rabbits, the opposite was true.
Twenty-three months after injection of 2-hydroxystil-
bamidine, appreciable amounts could be recovered from
the liver of a myeloma patient. In another case, marked
traces were found in the liver three years and three
months after the last injection.

Reid and Weaver (69) injected carbon-14 labelled
stilbamidine into the tail vein of mice and measured
the concentration of radioactivity in various tissues.
They found that the highest concentrations appeared in
the kidneys and liver, followed in order by the heart,
lungs and intestines, with smaller concentrations in
the other tissues. The distribution pattern was
established within the first 2 hours and did not change
substantially thereafter, although the total amounts in
these tissues tended to decrease with time.

Fulton and Mathew ( 34) measured the distribution of



radiocactivity in ﬁissues of rats at variocus intervals
after the admipistration of carbon-14 labelled
stiibamidine. They also used paper chromatography to
determine the chemical nature of the radioactive
substances. After 2 hours, the liver contained 25% and
the kidney 7.5% of the dose injected. The lung, spleen,
and heart took up relatively little but retained
radivactivity for long pericds of time. The serum
concentration of the drug was about 0.25 H#g/ml 2 hours
after administration, and thereafter the concentration
fell quickly to zerao. The erythrocytes were also found
to have no appreciable amount of radicactivity after 4
hours. This confirmed the earlier findings by other
workers that diamidines are not stored in the
erythrocytes (32, 44, 69). | |

Launoy and others working with carbon-14 lébelled
pentamidine have reported that in mice and rats, the
liver and the kidneys stored pentamidine for periocds of
months (52}, Pentamidine crossed the placenta but did
not appear in the milk of nursing mothers. The brain
fixed only a small amount of the drug but stored it for
several months. These investigators concluded that the
fixation of pentamidine in tissues is the most important

factor in its use as a prophylactic ayent in

21
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trypanosomiasis.

Nimmo-Smith et al (61, 63), have found that
imidocarb dihydrochloride was retained for a long time
in tissues following subcutaneous or intramuscular
administration to cattle. The highest concentrations
were found in the kidneys and liver and modest amounts
were reported in the skeletal muscle and fat. The liver
and kidneys from two fetuses taken from treated cows
showed high concentrations of the drug. Two weeks after
administration of imidocarb, the liver and kidneys of
the dams contained 4.3 and 6.3 pg/Gm of tissue res-
pectively, while the corresponding values for the
fetuses were 3.8 and 3.9 ¥g/Gm. This report is in agree-
ment with the findings of Launoy and others (52) that

diamidines cross the placental barrier.

In 1970, Bills et al (9) studied the hepatic uptake
of tritium-labelled bunamidine hydrochloride in dogs.
They found that blood from the carotid artery contained
less than half the amount of labelled material when
3H-bunamidine had been given 3 minutes earlier into the
splenic vein. This supported the idea that hepatic
uptake is an important factor in determining the levels

of circulating bunamidine. Virji and Laverty (84) also
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working with tritium-labelled bunamidine found the
highest concentrations of radioactivity in the liver and
kidneys of rats and dogs, with moderate levels in the

spleen and heart.

Metabolism

Early studies on the fate of stilbamidine showed
that about 10-50% of the intravenously administered drug
was excreted unchanged in the urine of both humans and
laboratory animals (32, 49). Hawking and Smiles (41)
have demonstrated from a qualitative examination of
tissues under ultraviolet light that no fluorescence of
the kidneys could be observed 4 days after injection of
stilbamidine. However, at 4 days Reid and Weaver (69)
found radioactivity in these organs sufficient to give
visible fluorescence. The latter investigators con-
cluded that it was, therefore, likely that stilbamidine
was converted in one or more of the tissues of the body
to a different chemical form, but that the oxidation of
14-C of stilbamidine by the body was negligible.

Henry et al (44) in their chromatographic studies
of stilbamidine observed that there appeared to be no
tendency for hydrolysis of the amidine group to the
amide group to occur in the body. This observation was

also confirmed by chemical analysis. This finding is
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important since the first hydrolysis product is more
toxic than the parent compound (42 , 43, 49).

Fulton and Mathew (34) observed only minor
proportions of the two amides, 4-amidino-4'
carbanolystilbene and 4:4'-dicarbamoylstilbene, in the
chromatographic behaviour of the urinary end products
of stilbamidine. Extracts were made of the liver and
kidneys of treated rats and chromatograms of the
extracts were scanned for fluorescence and radioacti-
vity. These investigators reported that even after
long periods, the remaining radioactivity was largely
due to unaltered drug and that only traces of the
related amides were present.

Using two different samples of l4-carbon labelled
pentamidine, one with radioactive carbon in the central
straight chain pentane structure, and the other with
radioactive carbon in the aromatic ring, Launoy and his
associates studied the deposition and metabolism of
pentamidine in mice and rats (52 ). Pentamidine was
found to be excreted intact in the urine and the feces
as there was no evidence of any metabolic-breakdown
products. Waalkes and De Vita (85) have also confirmed
by thin~layer chromatography that pentamidine is not

metabolized to any appreciable extent by mice and
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humans.
In her study of the toxicity and therapeutic

activity of imidocarb in rats against Babesia rodhaini,

Beveridge (8) observed that after oral administration
of imidocarb to mice, the compound was much less toxic
than when administered by other routes but is less
effective against the parasite. Roby (70) has also
studied the inhibitory effect of imidocarb on experi-
mental anaplasmosis in splenectomized calves. He
reported that the development of acute Anaplasma
marginale infection in splenectomized calves was
inhibited by subcutaneous injection of imidocarb in
single doses of 2.5 or 10 mg/kg, but not by a single
dose of 25 mg/kg given by mouth. Since blood and other
tissue levels of the drug were not determined by any of
these workers, they could only speculate as to the
absorption and fate of the drug. It was suggested that
the drug was either poorly absorbed, destroyed by the
acid of the stomach or that it was metabolized by the
gastrointestinal epithelium or by intestinal
microorganisms. The first communication on the possible
role of cells other than hepatic or renal on metabolism
of foreign substance was Herter's and Wakeman's report

in 1899 (45). 1In 1973, Hartiala (38) reviewed in great



length the metabolism of hormones, drugs an& other
substances by the gut and concluded that the specific

role of the epithelial drug-conversion functions appeared f
to resemble closely those of the liver, In many cases
these functions appeared to change the lipid-soluble,
nonpolar compounds to less lipid-soluble, polar |
metabolites. This then serves the purpose of decréasing
tréﬁsfer into the body and facilitates elimination from

the body. The alterations may be accompanied by a

decrease in both biological activity and toxicity.

Excretion

Some of the diamidines, such as diminazene
aceturate and amicarbalide are excreted fairly quickly
but pentamidine, propamidine, stilbamidine, and imi-
docarb are retoined in the body for long periods of
time. For this reason an intramuscular injection of
pentamidine in man will prevent infection with

Trypanosoma gambiense for 6 months (40). In 1941,

Hawking and Smiles (41) reported that stilbamidine was
excreted in the urine principally during the first 7
hours, but that after 2 days the excretion was probably

small. Blue fluorescence of the gall bladder indicative

of the presence of the drug in the bile was not




- 27

bbéérved. In 1951, Reid and coworker (69) injected
radiocactive stilbamidine into mice and found large
amcunts ©f radioactivity in both the urine and the feces.
The total fecal excretion during the first 8 days was
greater by 50% than the urinary exceretion during the
same period of time. The rate of urinary excretion
reached a maximum during the first 24 hours (17% cf the
intravenously injected dose), while the fecal peak
occurred during the second 24 hours (14% of injected
dose). These workers found relatively high levels of -
radioactivity in the bile during the first 24 hours.
Since the daily bile secretion of the mouse is about 2
ml and contains about 280 mg of solids, they deduced
that a large part, possibly all, of the radiocactivity of
the feces was due to excretion in the bile. Henry and
Grindley (43) reported that only 10% of a single dose of
stilbamidine injected intravenously into human patients
was excreted in the urine. The rate of excretion in
the first few hours was comparatively high. This was
followed by a rapid fall to a low excretion rate, which
slowly diminished until after 2 L/Z days it became
undetectable.

Kirk and Henry (49) have observed that during a

course in which 9 injections of stilbamidine of 50 mg
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each were given on alterﬁate days to humén ?atients,
urinary excretion of the compound increased until
finally about 80% of each dose was eliminated, the
major part during the first 24 hours following each
injection. Hampton, in 1947 (37, found a similar
pattern of urinary excretion of 3 diamidines
(stilbamidine, icdostilbamidine, and hydroxysfilbamidine)
in rabbits and rats after single and repeated injections.
In 1958, Bauer (5) reported that diminazene aceturate
was mostly metabolized or excreted in the urine during
the first 24 hours after injection; hence in cows
given 3.5 mg/kg intramuscularly its prophylactic action
against trypanosomes did not persist for more than 2
days. | |

Fulton and Mathew (34) using radiocactive tracer
technigue found that during the first 24 hours following
intravenocus administration of 14C-stilbamidine, the
radicactivity in urine and feces was 2.5 and 6.1%
respectively of the injected dose. This is in agréement
with the findings of Reid and Weaver (69) who used the
same tracer technigue. After a single oral adminis-_-”
tration of tritium-labelled bunamidine hydrochleride,
the amount of radioactivity in the urine of normally-fed

dogs within 7 hours was equivalent to 0.37% of the

28




29

administered dose. After starving for 48 hours, the
amount excreted was equivalent to 0.32% within 8 hours
(84). No radioactivity was detected in the urine after
24 hours. The low urinary excretion rate and the low

plasma levels suggest rapid tissue uptake of the drug.

Resume

Imidocarb has been measured in aqueous solutions
by fluorimetry, gas-liquid chromatography and by thin-
layer chromatography (61, 62, 66). Nimmo-Smith and
Savage (63) have used carbon-14 labelled imidocarb to
study its distribution and persistence in the blood and
tissues of cows.

Following intramuscular injection of l4c-labelled
imidocarb dipropionate into cows, it was reported to be
rapidly absorbed. Significant residual radioactivity
was detected in various tissues during the 6 month span
of their expirement. The highest concentrations were
found in the liver, kidneys, and adrenal gland. Up to
33% of the dose administered was excreted in the urine
within 7 days; during the same period 10% of the dose
was eliminated via the feces. Imidocarb was reported by
these workers to appear promptly in the milk of lactating
cows. Also significant radioactivity was detected in

the tissues of fetuses taken from treated pregnant cows,



indicating that imidocarb crosses the placenta.
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CHAPTER III

MATERIALS AND METHODS
Reagent-grade chemicals and solvents were used.
All aqueous reagents were made with distilled water.
Injectable solutions were made with sterile distilled
water or sterile physiological saline solution.
Imidocarb dipropionateP was supplied by the manufac-
turer. All dosages and concentrations are given as the

free base and hereafter are so reported.

Assay Methods
Extraction procedure:

One milliliter of 4 N NaOH was added to an equal
volume of plasma, urine, milk, or bile; to 1 ml of
whole blood or washed red blood cells was added 1 ml of
water to prevent emulsion formation, and then 2 ml of
NaOH. The resulting solution was mixed vigorously on a
Vortex mixer for 30 seconds. Since the extraction
procedure depends on an alkaline pH to precipitate
imidocarb from solution, the pH of the resulting solu-
tion was adjusted to approximately 13.80 as determined

with a pH meter.

b. Veterinary Trial Material No 1663, Burroughs
Wellcome Co., Research Triangle Park, Raleigh, N.C.



Ten milliliters of isoamyl alcohol-hexane mixture

(2:3 v/v) were added, and the tube was shaken

vigorously for 2 to 3 minutes and centrifuged at 546 x g
for 10 minutes. The supernatant organic-phase was then
transferred to a glass-stoppered centrifuge tube con-
taining 5 ml of 0.82 N HCl. The tube was mixed for 2 to
3 minutes on a Vortex mixer and the two phases separated
by centrifuging for 10 minutes at 546 x g. The organic
layer was removed by aspiration with a fine tipped
disposable Pasteur pipet and discarded. About 3 ml of
the aqueous phase was transferred to a l-cm quartz
cuvette with a Pasteur pipet and scanned with a

spectrophotometer®.

For tissue level determination, one gram of tissue
was homogenized in 5 ml of 0.82 N HCl using an all glass
tissue homogenizer or a Potter-Elvehjem glass homo-
genizer with an electrically driven, teflon coated,
pestle. The homogenate was centrifuged at 546 x g for
15 minutes and a volume of the supernatant phase
equivalent to 0.25 gm of tissue was used for extraction.
An equal volume of 4 N NaOH was added to adjust the pH

to approximately 13.80.

c. Beckman--Model DBG or ACTA II, Beckman
Instruments, Fullerton, Ca.
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The remainder of the procedure was the same as for

plasma, and other body fluids.

Detection by spectrophotometry:

Absorption spectra of pure imidocarb and extracted
drug were scanned with double bean ultraviolet spec-
trophotometers equipped with Beckman 10" recorders over
the range of 200-340 nm. For measurements at a single
wavelength, the maximum absorbance was at 238 nm with a
molar extinction coefficient of 4.36 x 10% (Fig. 1, p45).
Reagent blanks were used as reference solutions for pure
imidocarb. Specific biologic blanks (i.e., tissues and
fluids from untreated sheep) were also carried through
the procedure and used as reference solutions for

corresponding samples from imidocarb treated animals.

In order to determine the sensitivity of the
spectrophotometric method of assay, two methods were
used for preparing standards. In the first method,
known amounts of imidocarb were added prior to homo-
genization of the tissues; whereas, in the second
method, the drug was added to the supernatant phases
obtained after centrifugation of the homogenates. All
samples of the various body fluids and tissues assayed

were read against their appropriate blanks.



34

The ﬁercéntaqe recovery of imidocafb from biclogic
specimens assayed by the above method and the repro-
ducibility of the method were determined. A range of
concentrations of imidocarb diprepionate (1 te 75 ug/ml
of plasma or per gram ofltissue) were added to
homogenized tissues and fluid samples collected from
untreated sheep. Determinations were made on l-ml
amounts of body fluids or homogenate aliquots equiva-
lent to 0.25 gm of tissue. The amount of imideccarhk, in
micrograms, in the sample analyzed was c¢alculated from

the equation:

51
1]

Where: Ua = absorbance of the unknéwn

Sa absorbance of the standard

C = concentraticon of the standard in ug/ml

or ug/Gm

The possible interference by metabolic or other
naturally occurring preducts and other diamidines (e.g.,
diminazene aceturate) was examined. Imidocarb was
extracted with a mixture of isoamyl alcohol and hexane
from the body fluids and tissues of sheep receiving the

drug. The organic phase was extracted with 0.82 N HCl




and the ultraviolet absorption spectrum of the agqueous
solution determined. More definite proof of specificity
was obtained by thin-layer chromatography (80). The
acid solution was evaporated to dryness in a rotary

d

evaporator”. The residue was redissolved in a few drops

of 0.82 N HCl and spotted on a thin-layer plate.

Detection by thin-layer chromatography :

Reagent and tissue blanks, and standard imidocarb
solutions carried through the extraction procedure were
spotted on thin-layer plates with the unknown samples.
Glass plates, 20 x 20 cm, were coated with a slurry
consisting of 30 Gm of silica gel G (Merck) in 60 ml
water to give a layer 0.25 mm thick; the plates were
first air dried overnight and then activated in an oven
at 110°C for 1 hour. They were stored in a desiccator
containing calcium chloride. Ten to thirty microliters
of the sample extracted into 0.82 N HCl were spotted on
the plate with a microsyringe or with a 1 ul capillary
tube. The upper phase of the two phase system resulting
from a mixture of n-butanol, water and glacial acetic
acid (50:50:12 v/v) was used as the solvent system. The

solvent was changed after 2 successive developments.

d. Buchi Rota-vapor, Glasapparatefabrik,
Switzerland.



The developing chamber, a 21 x 21 x 10 cm glass covered
container, was equilibrated by lining the inside walls
with filter paper moistened with the solvent and
allowed to stand for 1 hour. The plates were developed
for 1 1/2 to 2 hours by ascending order.

After drying in air, the plates were examined under
a short wavelength (254 nm) ultraviolet lamp® to check
for fluorescent white spots and then sprayed with
iodoplatinate reagent to determine if purple or blue

spots developed.

Radio-isotope techniques:

Plasma, lysed red blood cells and brain tissue were
collected from sheep treated with l4c-1abelled imidocarb
dipropionate. Each sample was prepared for determina-
tion of radioactivity in two different ways. In the
first method, duplicate 200 mg portions of the brain
sample and 0.2 ml of plasma and red bloocd cells were
air-dried and taken for combustion in a furnacef
designed for the quantitative trapping of carbon dioxide

14

containing all “'C from the sample (36).

e. Mineralight--Model R51, Ultraviolet Products,
San Gabriel, Ca.

f. Packard Tri-Carb sample oxidizer--Model 305.
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The carbon dioxide-absorbing mixture consisted of 1
volume of redistilled ethanclamine, 2 volumes of
methancl and 2 volumes of toluene containing PPO (15

Gm/L) and POPOP (0.3 Gm/L).

In the second method, duplicate 100 mg portions of
the brain samples were weighed into scintillation vials.
After adding 1.0 ml of tissue solubilizer9 the vials
were incubated at room temperature for 24 hours. Then
10 ml of liquid scintillation fluid® (:.?é‘;:f added. The
plasma samples (0.1 ml) were counted ;I;ectly after
adding the scintillation fluid; 3 ml of hydrogen
peroxide was used to decolorize the red blood cells
(0.1 ml) before counting. Chemiluminescence was pre-
vented by keeping the samples in the dark overnight.

Measurements of radioactivity were made in a liquid

scintillation spectrometeri.

g. Soluene 100, Packard

h. Aquasol, New England Nuclear universal
ligquid scintillation fluid.

i. Beckman--Model LS--235.
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Corrections for éuenching were made through the
application of quench correction curve and by the
addition of internal standard to each sample after
obtaining the gross counts. Correction for recovery
from the furnace was made by use of an external
standard. These procedures permitted calculation of

the absolute disintegration rate of each sample.

Treatment of Experimental Sheep and

collection of Samples

Adult sheep in'godd physical condition weighing
approximately 45 kg were used. Single intravenous and
intramuscular injections of imidocarb dipropicnate were
made, except for experiments on renal clearance. Blood
samples were collected from the jugular vein and
heparin was used as an anticocagulant. Plasma was
obtained by centrifuging the blood samples at 546 x'g
for 25 minutes. Air embolism was used to kill the
sheep and all tissue and fluid samples were stored at

-53°C,

Plasma and milk levels:
Seven sheep were given single intramuscular
injections of 4.5 mg/kg of imidocarb in agueous

solution. Blood samples were drawn from the jugular
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et e e
vein of each sheep before drug administration and at
various intervals thereafter for 4 weeks. Excretion of
imidocarb in the milk of 4 lactating ewes was deter-
mined. Three ewes were treated intravenocusly (2 mg/kg

of body weight) and one ewe received an intramuscular

injection of imidocarb at a dose of 4.5 mg/kg of body

weight. Each mammary gland was hand stripped at varicus %
intervals, and an aliguot milk sample taken for assay.
Aliguots of the milk were fed to 3 suckling lambs in
order to determine the possibility of transfer of
imidocarb through the milk to suckling young. Blood

was collected at 4, 6, and 24 hours from the lambs,

Plasma protein binding:

The extent to which imidocarb was bound to sheep
plasma proteins was determined by equilibrium dialysis
(2). Plasma samnples obtained at various time intervals
from 3 sheep treated intravenously with the drug (2 mg/
kg of body weight) were dialyzed in cellophane dialysis
bags against egqual volumes of isotonic phosphate buffer
of pH 7.42 at 37°C for 24 hours with gentle agitation.
At the end of the dialysis period, the dialysates and
the dialysands were analyzed for imidocarb concentration
by spectrophotometry. The percentage of the drug bound

was calculated according to the equation:
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Plasma, lysed red blood cells and brain were collected

24 hours later for measurement of radioactivity.

Renél excretion:

Three sheep were kept in individual metabolism
cages, and their urine was collected free of feces into
conical flasks, The urine samples were ccllected prior
to an intramuscular injection of imidocarb (4.5 mg/kg)
of body weight}, and at various intervals for 2 days to
determine the rate of excretion and the total amount of
drug excreted. Thereaftef. urine samples were collected
daily for a week and at weekly intervals for 3 weeks to

determine the period of excretion of imidocarb.

Renal c¢learance:

The conventicnal method was used.to Study the renal
clearance of imidocarb. The drug was infused at
constant rate into the jugular vein of 3 hydrated,
unanaesthetized ewes and the clearance of imidocarb

calculated by the conventional formula:

uv/p

=
jo
4]
e
m -
]
1

urine concentration of imidocarb
V = urine flow rate

P = venous plasma concentration of
imidocarb.
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The bladder was catheterized with a Bardex n

AP
L

retention catheter {(size 12). Moderate water diuresis
was induced by the administration of at least 2 liters
of water by stomach tube 1 1/2 to 2 hours before urine
collection and by constant infusion of a 0.012% solution
of imidocarb in physiological saline solution at the
rate of 3 ml/min. Urine samples were collected for
three 10-minute periods following a 24-hour initial
intramascular dose (2.5 mg/kg of body weight), and a 30-

minute constant intravenous infusion (0. 36 mg/min),,

x Ly

period. Blood samples were taken during the last i:wo"i
minutes of each urine collection pericd. The blocd was
obtained from an indwelling catheter in the jugular vein
with heparin as an anticoagulant and the plasma was
separated by centrifugation.

The renal clearance of imidocarb was compared with
the simultaneous determination of renal clearance of
endcgenous true creatinine (ETC) which provided an
estimate of glomerular filtration rate {GFR). The
Folin-Wu method {27) was used for the determination of

the creatinine level in plasma and urine.
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Effect of Imidocarb on‘Rat LiVer Mitochondrial

Respiration and Oxidative Phosphorylation

The effect of imidocarb on rat liver mitochondrial
respiration was measured by the technique described by

Chance and Williams (13), using a Clark-type oxygdgen

electrodé. Mitochondria were separated from rat liver

by differential centrifugation (76). Succinate and °*

alpha-ketoglutarate were used as respiratory substratés;
puring State 2 respiration of rat liver mitochondria '

with alpha-ketoglutarate as substrate, malonate was , ',
used to block the oxidation of succinate. When the a

activity of succinic dehydrogenase was being measured,

rotenone was used to inhibit NADH-linked respiration in

the presence of succinate. Imidocarb was added to the -

reaction mixture during State 4 respiration in the

presence of succinate or alpha-ketoglutarate. The re-

-

action mixture (3 ml, 27°C) contained 0.25 M sucrose,
10 mM potassium phosphate (pH 7.4), 2 mM EDTA, 5 mM .-

MgCly, and 0.5 ml mitochondrial preparation. .
o - '.‘ v ’.'_;... i
[ 4 ’

Jvellow Springs Instrument Company,

Yellow Springs, Ohic. T  %¢ : =

[
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CHAPTER IV

RESULTS

The ultraviolet absorbance of imidocaﬁb is shown in
Fig. 1 and the linear relationship between imidocarb
concentrations and absorbance cobtained by regression
analysis are shown in Figs. 2 and 3. In all cases the
linear correlation coefficients (r values) were greater
than 0.95 which is highly significant (P< .0l). From
these curves it was estimated that imidocarb could be
accurately measured in plasma and other body fluids at a
level of 1 ug/ml (1 ppm) and in tissues at a level of 5
pg/ml (5 ppm). For the tissues represented, at least 3
replicates at 7 points were used to fit the curves.
The homogeneity of the regression coefficient (b values)
were tested by Student's t test to determine if they
could be congidered to be estimates of a common B. No
significant difference was found at the 5% error level.
By analysis of covariance it was determined that while
the regression coefficients are homogeneous, the regres-
sion lines for the various tissues are not the same.
The 2 methods of preparing tissue standards were com-
pared by Student's t test and no significant difference
wag found between the two. |

Results of the studies made to determine the




(=]
o
L
T

.50~

Absorbance

5

w
=]
+

10+

2 1 1 L

0 ————————t———————————+
160 180 200 220 240 260 280 300 320 340
Wavelength (nm) .

Fig.1~- Ultraviolet absorption spectrum of imidocarb in
82N HCL at a concentration of 4.5 ug/ml.
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Aqueous extracted: ¥=.013+.024 {(x)
— — Plasma extracted: Y=.019+.023(x)
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Imidocarb concentration (ug/mi).

Fig.2— Linear relationship between absorbance and
| imidocarb in plasma and aqueous solutions.

25




Ly

(X)ZS00" + 98L0° = 3T - —
(x) 0900° + 6900° =A s W s
(X) 2500° + 910" =A :Aaupiy

(X) LZ00" + 900" = A :snoanby
"piepueis snosnbe 0}

pesedwod se Aaupiy pue jej ‘J9Al| Ul UOIJBIJUSDIUOD qIed0piWl 10) Sdul| uolssaibay —¢ Bl

(wn/6rf) uoijEIUSOUCD Gledopiw|
SE (11 T (114 Gl oL S 0

e

)

@ouequosqy



.

reébvery rates of added imidocarb éﬁd their repro-
ducibility are summarized in Table 1. Recovery rates
ranged from 70% for whole blood to %6.2% for urine.

The standard deviations were low, ranging from 0.3% for

bile to 5.6% for liver.

When carried through the assay procedures; the acid
extract yielded chromatographically a white fluorescent
spot under ultraviolet light with the same R, as the |
standard imidocarb; control samples and reagent blanks
produced no detectable fluorescence. When the thin-
layer plate was sprayed with iodoplatinate location
reagent, a single purple or purple with bluish center
spot with an Rf of 0.39, identical to that of authentic
imidocarb, was produced by each sample (Fig. 4). By
this technique the smallest detectable amount was 0.21

Hg. Contrel and reagent blanks were negative.

Plasma levels of imidocarb:

The mean plasma changes in imidocarb levels of 7
sheep following the intramuscular injecticon of 4.5
mg/kg of the drug are graphically illustrated in Figs. -
5, 6 and 7. Fig. 5 gives the changes that occurred
during the first 24 hours; whereas, Fig 6 gives those

occurring over a 28-day period. The semi-log regression




TABLE 1.

fluids of sheep.

Recovery of imidocarb added to tissues and

49

No of Amount (ug/Gm or ug/ml) Per cent

Specimens samples Added Recovered Recheredk
Plasma 21 1-25 .99 - 22.4 92.9 + 3.8
Milk 3 25 23.7% 94.7 + 2.4
Urine 7 25 24.0 96.2 + 1.6
Bile 3 25 23.3 93.3 + 0.3
Liver 15 5=75 4.6 - 56.8 B2.1 + 5.6
Kidney 15 5-75 4.8 - 61.8 87.5 + 4.6
Fat 15 5=75 4.4 - 63.6 85.5 + 0.9
Brain 3 25 21.6 B6.5 + 2.5
Spleen 3 17.5 15.9 91.0 + 2.2
Muscle 3 25 22.6 90.5 + 3.0
Whole

Blood 4 25 iy A 70.0 + 1.0
Washed

RBC 4 25 18.8 77.8 + 1.8
k. Mean + standard deviation
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Concentration of imidocarb in

plasma (pg/ml)

1 1 4 - a4

=

L3 L  § L]

0 4 8 12 16 20 24
Hours after treatment

Fig.5- Plasma levels of imidocarb (means £ 1S.D) in 7 sheep
for the first 24 hours following the intramuscular
injection of the drug (4.5 mg/kg of body weight).
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Concentration of imidocarb in plasma (ug/mi)

0 5 10 15 20 25
Days after treatment
Fig.6~ Plasma levels of imidocarb (means £1S.D.) in 7 sheep

for 28 days following the intramuscular injection of
the drug (4.5 mg/kg of body weight).



Piasma concentration of imidocarb
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Log, ¥ = .7270-.0277 (x) AN
r=.9803 ™~ -
™~
1 -t } } {-
0 5 10 15 20

Days after treatmaent

Fig.7— Regression line of mean plasma concentration
of imidocarb in 7 sheep for days 3-21 inclusive
following the intramuscular injection of the
drug (4.5 mg/kg of body weight). Semi-lag
plot,




Fig. 8--Decay of the mean plasma levels of imidocarb in 3
lactating ewes following the intravenous injection
of the drug (2 mg/kg of body weight). Semi-log.

plot.



56

90’

~

T« © o~
(1wt /Brt)
qIe20p|W| JO UO|jeIIUSIU0D ewseld

- lqhm

-

Hours after injection



57

hours for the next 5-hour period. Correspondingly, the
rate constants of elimination from plasma were 1.74

hour™l and 0.43 hour~1.

Plasma protein binding:

The binding of inidocarb by plasma protéins was
determined by dialysis. In a preliminary study to
determine the in vitro binding of imidocark by sheep
plasma proteins, maximum binding was found to occur at
plasma concentrations of 7.4 to 18.9 ug/ml with 53 to
62% of the drug bound (Table 2). When imidocarb was
given intravenously (2 mg/kg of body weight)} with
plasma conecentrations varying from 1.3 to 6.1 ug/ml,
binding ranged from 20.7 to 53.3% (Table 2). The
linear relationship (correlation coefficient, r =
.9526, P< .0l) between in vivo plasma protein binding
and drug concentrations is illustrated by double-
reciprocal or Lineweaver-Burk plots (Figs. 9A and B).
The y-intexcept of Fig. 9A gives a theoretical maximum
of 68.96% binding at a plasma protein concentration of

5.73 + 0.85 mgt. | o T
Tissue distributioﬁ:

Imidocarb was found to be rapidly and widely

distributed in all tissues studied (Table 3). At the




Table 2. _Eg_vitro and in vivo protein binding of

imidocarb in sheep plasma.

Concentration (yg/ml)

58

Total Plasma Buffer Per cent
plasma phase phase bound
In vitro
74.2 31.2 16.1 48.4
35.4 15.1 7.7 48.8
18.9 8.6 4.0 837
7&4 3-7 ll4 62.2

In vivo
6.1 4.7 2:2 53.3
4.8 3.4 2.0 41.3
3.4 2.3 1.4 39.3
3.4 2.0 1.4 30.0
2.1 1.4 1.0 28.6
1.9 T2 0.9 22:7
1.3 0.8 0.6 20.7




Figs. 9A&B--Linear relationship between the total
concentration of imidocarb in sheep
plasma and its degree of protein binding.
Average values for 3 sheep.
Lineweaver-Burk plots:
A--Double-reciprocal plot.

B--Linear plot.
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Table 3. Distribution of imiddcarb in various tissﬁes'
of sheep following intramuscular administra-
tion of the drug (4.5 mg/kg of body weight.

Concentration Ratio
g /Gm of tissue; dg/ml of fluid 24 hr

Tissue 4 hr & hr 24 hrl 32 day 32 day

Brain <h <5 43.9 32.9 1.3

Pancreas ND ND 25.0 31.4 0.8

Uterus 35.6 24.6 21.3 17.7 3.0

Heart 5.8 9.4 11.0 15.3 0.7

Spleen <5 10.5 17.0 <5 >3

Adrenal gl. 8.7 10.1 12.6 14.0 0.9

Liver 9.2 21.5 36.0 12.8 2.8

Mammary gl. 8.0 16. 4 8.5 12.3 0.7

Fat 20.9 15.2 6.5 11.8 0.6

Ovary ND ND 24.0 11.5 2,1

Muscle <5 <h 11.1 9.4 1.2

Kidney 82.0 127.8 1ll6.6 6.3 18.5

Lung 14.5 14.0 17.0 <5 >3

Bile 2.0 4.6 10.6 3.4 3.1

Milk 4.5 5.3 5.6 ND

Plasma 7.9 4.4 4.6 <1.0 4.6

l. average tissue levels for 2 sheep, all other tlssue

levels are for 1 sheep each.
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end of 24 houré,lconcentrations were particularly high in
the kidneys (116.6 ug/Gm), brain (43.9 ug/Gm),and liver
(36.0 ug/Gm). The kidney level had decreased appreciably
after 32 days and the level in the brain had declined by
enly 25%. The concentrations in the other tissues stu
studied were high at 24 hours, ranging from approximately 1
6.5 ug/CGm for the peripheral fat to 25.0 ng/Gm for the
pancreas. These values did not change greatly at the
end of the 32 day-period of study. Values ranged from

2.8 ug/Gm for the lungs to 31.4 ug/Gm for the pancreas.

The level of imidocarb in the liver of a sheep dying 1l
days following the intraﬁuscular injection of the drug
was 10.7 ug/Gm and the kidﬁey concentration, 33.5 ug/Gm,
versus a plasma level of 3.1 ug/ml. Extensive kidney

and liver damage was found on necropsy.

Distribution of 1

“c-labelled imidocarb:

The distribution of l4c-labelled imidocarb in the
pituitary gland, pineal body, within the bleood, and
within the brain and spinal cord is given in Table 4.
The pituitary gland and pineal body contained excep-
tionally high amounts 0.52 and 0.17 ug/Gm, respectively.
Imidocarb was found in all regions of the central

nervous system examined. The lowest levels were found

in the spinal cord and medulla (0.030 tc 0.037 ug/Gm).
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mable 4. Regidual radioactivity of 14c-labelled
imidocarb expressed in pg/Gm or ug/ml of
tissue in the CNS, pituitary gland, pineal
body and blood of 2 sheep 24 hours after an

intramuscular dose of 50 ug/kg of body weight.

Sheep nunmber

Tissue 1 . _ 2

Spinal cord .030 . .035
Medulla .037 .033
Cerebellum .064 | .061
Cerebral cortex | .058 .037
Olfactory bulb e . 370 .090
Optic tract . - .037 .033
Pituitary gland - 512 .529
Pineal body -125 221
Thalamus | . .063 .03l
Hippocampus ' .. .070 -Del
Rostral colliculus .052 : .056
Caudal colliculus .061 R . 055
Lateral geniculate .054 ' .034
Plasma | L016 .010

Red blood cells | .018 .013
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| With'exdéﬁtion of thalamus (0.031 pg/Gm) and the
olfactory bulb (0.090 ug/Gm) in sheep 2, all other_'” 
values fell between 0.050 and 0.070 pg/Gm. In the
blood, imidocarb was about equally distributed between

the plasma and the red blood cells.

Urinary excretion:

The amount of imidocarb excreted at various
intervals in the urine of 3 sheep for the first 48
hours subsequent to administration are given in Table 5,
and the rates of urinary excretion for the same interval
are shown in Fig, 10. For the first 24 hours urinary
excretion rates were high and 14.49% of the administered
dose was excreted. Excretion rates then dropped pre-
cipitously during the next 24 hours when only 1.14% was
excreted. Low concentrations in the urine persisted
for the remainder of the experimental period declining
slowly with time (Fig. 11). During this periocd a
strong linear correlation (r = 0.8624, P< .01) existed
between plasma and urine levels.

Ultraviolet absorption spectra of extracts of the
urine were examined and in no case revealed absorption
peaks which might suggest the presence of biotransfor-
mation products of imidocarb. Small aliquots of the

urine collected over 32 days and chromatographed
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Urinary excretion rate of imidocarb (ug/min)
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Fig. 10— Urinary excretion rate of imidocarb In 3 sheep
during the initial 48 hours following the
intramuscular injection of the drug (4.5 mg/kg
of body weight). Semi-log plot.
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directly on thin;iayer'plétes yielded only one spot
which corresponded to the authentic imidocarb (Fig. 4).
These rasults indicate that metabolites and conjugates
of imidocarb are not excreted in any éppreciable amounts
in the urine. In addition, chromatograms of extracts
made from liver, kidney, and other tissues showed that

the drug existed in these tissues in the unaltered form,.

Renal clearance:

The renal clearance of imidocarb did not vary
greatly among the 3 ewes studied. Each experiment
involved triplicate successive 10-minute clearance .
periods. Average values for each experiment are present
in Tables 6A and B. The ratio of imidocarb clearance

to creatinine clearance indicates net reabsorption by

the renal tubules of the drug filtered by the glomeruli.

*
¥

Excretion in bile:
A relatively high concentration of imidocarb was
found in the bile of 5 sheep killed at various intervals
after intramuscular injection of the drug (Table 3). In
24 hours the bile/plasma ratio for imidocarb was about
2.3:1. Up to 3.4 ug/ml could be detected in the bile 32
days after administration of the drug. Using spectro~

photometry and thin-layer chromatography, there was




Tables 6 A&B. Renal clearance of imidocarb in sheep.

Table 6 A

Urine Plasma
Vol. Imidocarb Creatinine Imidocarb Creatinine
Sheep ml/min ug /ml mg% ug /ml mg$
1 0.57 145.4 231.8 10.23 1.37
2 0.43 151.8 306.6 6.48 1.38
3 0.39 379.8 268.7 10.57 1.28
Means 0.46 225.6 269.0 9.09 1.34

Table 6 B

Clearance (ml/min.) Clearance
Sheep imidocarb creatinine Ratio
1 8.19 96. 26 .085
2 10.07 82.27 .077
3 13.98 95.54 .170

Means 9.72 91. 36 s 211
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no hint as to the presence of intermediary metabolites

in the bile .

Excretion in the milk:

The results of analysis of the milk of a lactating
ewe are presented in Table 7. Imidocarb was detected
as early as 15 minutes after treatment. Milk concen-
trations were less than plasma concentrations during the
first 4 hours, but thereafter exceeded plasma values{
Peak milk concentration occurred 12 hours after
treatment. The ratio of peak milk concentration to
plasma concentration was 2.4:1. Imidocarb disappeared
rather slowly from milk after 12 hours, decreasing at
approximately the same rate as plasma concentrations.
The disappearance rate constants, K., from milk was |
0.0063 hour ! and 0.0045 hour ! for plasma. Determi-
nations beyond i week could not be made because
lactation ceased. The mammary glands and milk of 5 ewes
used in the distribution study consistently contained
high levels of imidocarb throughout the 32-day period
of the study (Table 3, p6l).

Aliguot samples of milk fed to.hursing lambs héd
imidocarb concentrations of 1.14 to 3.27 pg/ml. No
drug could.be detected in the blood plasma of the lambs.

The total amount of drug fed with milk was not




Table 7. Imidocarb concentrations in the plasma and
milk of a lactating ewe after a single intramuscular

administration of the drug (4.5 mg/kg of body weight}.l

Post treatment Concentration (pg/ml)

time (hours) Plasma Milk
0.25 3.24 trace
0.50 3.67 1.03

1 3.60 1.49

2 3.38 1.61

3 3.67 3.45

4 5.00 4,24

6 2.66 4.99

12 3.44 8.20

24 1.98 4.97

48 2.13 3,95

72 2.45 2.92

96 2.06 J.13

168 1.27 1.71
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determined since the lambs were allowed to suckle the

ewes overnight.

Effect on mitochondrial respiration:

To test the hypothesis that imidocarb may uncouple
oxidative phosphorylation and inhibit cellular res-
piration, rat liver mitochondrial respiration was
measured in the presence of imidocarb, using alpha-
ketoglutarate and succinate as respiratory substrates.
Inhibition of oxygen consumption was not observed (Figs.
12A, B, and C) when imidocarb was added to the reaction
mixture during State 4 mitochondrial respiration.
Respiratory control ratios and ADP/oxygen ratios were
not decreased by imidocarb at concentrations of 38-383
pg/ml. The mitochondrial preparations used in these
studies had respiratory control ratios ranging between
2.2 and 4.8; the ADP/oxygen ratios were approximately

1.5 for succinate and 2.8 for alpha~ketoglutarate.



i

N

Figs. 12A, BgC--Effects of different concentrationsﬁ

of imidocarb on rat liver mitochondrial respiration.
" Reaction mixtures (3.0 ml, 27°C) contained 0.5 ml of
rat liver mitochondrial preparation. Imidocarb was
added in 5-50 ul of water., Malonate, alpha-
ketoglutarate (0-KG), succinaﬁe and ADP were added
in 30 ul of water; rotenoné was added in 5 ul of
"water. Figs. 12A and B show the effects of 38.3 and
83.3 ug/ml of imidocarb respectively, on succinate
ocxidation. Fig. 12C shows the effect of 38.3 ug/ml of
imidocarb on NADH-linked respiration. Respiratory
rates are given below each State as nanoatoms of-_'

oxygen consumed/minute.
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Aromatic amidines are readilQ and quantitatively
extracted from basic agueous solutions by specific |
organic solvents (14, 29, 30, 85)}. In this study, the
best solvent system for extraction of unchanged imido-
carb was found to be a mixture of iscamyl alcohol and
hexane (2:3 v/v}. Various protein precipitants were -
tried in developing the present assay procedure. |
Compounds such as trichloroacetic acid, phospbotungstid

acid, saturated barium hydroxide and zinc sulphate

produced unsatisfactory emulsiona. Four normal NaCH in

the presence of iscamyl alcohol-hexane gave & basic _
solution and was found to be satisfactory protein
precipitant. The sample and the extracting sclvent
mixed in a ratio of 1:10 (v/v} was agitated vigorously:
this agitation avoids emulsion formation and has been

reported to be remarkably efficient for direct solvent

extraction of drugs (57). Careful regulation of the pH
of the final solution in determining the ultraviolet
absorption spectrum increased the efficiency of the
determination. Of various acids tested at different

concentrations, 0.82 N HCl was the best for back-

. -"’t_'-‘. . - _ _.;\. .
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extraction; it élso provided.th; optimal peak ébsorbance.
| When 1 ml of 0.82 N HC1 or 1 ml of plasma or 1 gram
of unspiked tissue was put through the assay procedure,
a small amount of absorbance was invariably present.
In a series of 11 consecutive measurements using HC1,
plasma, kidney, liver and fat, background absorbance
values of 0.016-0.022 were found. Most of the back-
ground reading was attributable to the solvent system
used, probably a result of ultraviolet absorbing |
impurities in the solvent system. Thus, provided fhaf
these blanks were used as reference, the small erxor
that the background absorbance could have intrcduced
was eliminated. A concentration of 0.2 ug/ml of _
imidocarb in 0.82 N HCl, or 1.0 yg/ml in plasma, or 5.0
vg/Gm in tissue gave an absorbance of about twice the
background reading. These levels were considered the
lowest levels of accurate detection of imidocarb in
équeous solutions, plasma and tissues, respectively -
(Figs. 2 and 3, ppds and 47 .

Imidocarb is reported to be tightly bound tc
components of liver, kidney, and muscle {62). This 2
tight binding has been advanced as an explanation for
the low recovery rates (82.1% for liver, 86.5% for brain,

87.5% for kidney and 90.5% for muscle) from these
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tissues. The high recovery rate (96.2%) frbm the.ufiné
would tend to support this contention.

Because of the possibility that imidocarb may be
bound to blood cells, the assay procedure was succeéé-'.
fully applied to whole blcod and washed red blood cells.
The red blood cells were washed in veronal buffer in :;
order to remove imidocarb that was adhering to the .

outside of the cells. Additicn of 1 ml ¢of water to 1 ml

of heparinized whole blood or to 1 ml of washed red *
| blood cells prevented emulsion formation and improved

the recovery rate. : o o S e e

Absorption: - - P T
The low standard deviation {0.2 - 1.8 ug/ml) of the
plasma levels of imidocarb following intramuscular

administration of the dipropionate salt indicate a high

uniformity between the different sheep in rates of .,
apsorption, diffusion to and from the various tissues. .
Apbsorption was moderately rapid and probably complete
-guggesting that imidocarb remained highly non-ionized

at the pH values at the site of injection éna in the

plasma. Peak concentrations between 7.0 and 9.9 ug/ml

were achieved between 1 and 4 hours. In a similarx
experiment when cattle were given 6 mg/kg intramus-

{_cularly, peak plasma levels ranged from 4.5 and 8.5 ug/ml

LRI
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and occurred between 20 and 30 minutes (6l1). Wﬁereas,
in horses 2 intramuscular injections of imidocarb
dihydrochloride (6 mg/kg) administered at 24-hour |
intervals produced peaks on the 3rd and 6th days of
only 0.25 ug/ml each {(28). The higher values for sheep
and cattle may be attributed primarily to more rapid’
and complete absorption of the dipropionate salt. Local
reacticns at sites of injectien following intramuscular
or subcutaneous administration have been reported for
the dihydrochloride salt (28, 71, 8l1). However, in the
present study, the dipropionate salt did not cause
local irritation. Adams (1) has observed local irrita-
tion that persisted for 17 days after an intramuscular
injection of 16 mg/kg of the dipropionate salt in
horses. While this dose is very high, it is possible
that horses differ from cattle and sheep in their
ability to absorhb the drug and in their susceptibility

to its irritant properties.

Plasma levels:

The disappearance rate of imidocarb from sheep
plasma following intramuscular injection was prolonged.
- This is in contrast to the very rapid decrease of .
diminazene aceturate (5}, pentamidine (52), and stil-

bamidine (32) from the plasma of dogs and mice. This




difference most likely is relatéd ﬁo differenées in

rates of biotransformation and excretion of the various
drugs. Species differences have not been observed with
imidocarb which is characteristic of drugs that are not
substantially metabolized in the body (59). After 4
hours, the plasma level of imidocarb dropped sharply,
which is probably a reflection of the rapid diffusion
into tissues and excretion of the drug. This kinetic
behavior is characteristic of other basic drugs thatiqu _
have been studied (87). Further evidence that imidocarh'“
is sequestered in vascular and extra-vascular Spaces
is provided in the present study. The high apparent\
volume of distribution indicates a high degree of
localization outside the plasma. In a limited study
with cows and sheep treated intramuscularly, imidocarb
was found to concentrate within the red blood cells to
_the same extent as it does in the plasma.

Several investigators (32, 39, 69, 84) have
reported the rapid plasma clearance of various -
diamidines following intravenous or intraperitoneal
injection. In this study when 2 mg/kg of body weight
of imidocarb was injected intravencusly into 3 sheep,

the mean plasma concentration was about 10.8 ug/ml at 15

minutes and decreased very rapidly to 1.9 ug/ml in 1




8

IS

hour, and was less than 1.0 ug/ml in 4.h0urs (Fig; 8;
p56). The plasma rate constant of elimination during
the first hour was very rapid (l.74 hours_l) indicating
rapid excretion and/or transfer of imidocarb into extra-
vascular tissues to establish distribution equilibrium
conditions. However, some of the extravascular tissues
apparently do not release the drug at a rate sufficient
to maintain the distribution equilibrium. This may
explain the changes in the rate constant of elimination
observed during the first few hours following adminis-
tration. Such changes are reported to occur when
elimination becomes dependent upon the slow release_of
drugs from the so called "deep" tissues (20). o
There is very little data available on blood
concentration of imidocarb, although it is important
from the standpoint of dosage regimen. It seems
reasonable from the results obtained by Brown and
Berger (10), Callow and McGregor (1l1), Todorovic and
colleagues (81) on the treatment c¢f cattle babesiosis
and those of Kuttler (51} on the treatment of anaplas-
mosis with imidocarb that a distinction must be made -
between suppressive, curative and prophylacticH jv- 
concentrations of imidocarb in the animal body.

Although curative doses for the various species of




Babegsia and Anaélasma, have beeﬁ rebbrted by the above
investigators, the plasma levels of these doses were

not given. It is difficult to decide whether the high
peak plasma ccncentrations maintained for a short span
of time or the lower concentrations maintained for long
periods are responsible for effecting the cure (54).

It was reported that a dose of 5 mg/kg of imidocarb

injected intramuscularly or subcutaneously produced

100% sterilization of cattle infected with the Kenyan

strain of Babesia bigemina, and protected the cattile

for 6 months (7). The peak plasma concentrations were
probably about 7-9 ug/ml. Todorovic et al (81) found
2 mg/kg of body weight of imidocarb giVen intramus—_
cularly to be highly efficaciocus in the treatment of

acute infections of B. bigemina and B. argentina of

Colombian origin, and to protect the cattle for over 3
months. The peak plasma level was probably 3~-4 pg/ml.
In the present study, the peak plasma concentration of
7.0-9.9 ug/ml had declined to 0.56-1.02 ug/ml after the
first month. These results suggest that the suppres-
sive concentration of imidocarb in plasma may be well
below 1 ug/ml, probably 0.5 ug/ml. The suppressive
dose ¢of 2 mg/kg of body weight reported by several

investigators for Babesia (7, 11, 81) probably

82
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maintains concentration of 0.5-1.0 ug/ml fof Sevétéi

‘weeks. The question of the timing of multiple dose,

therefore, becomes important as suggested by Frerichs
et al (28). | - -

Reference to Fig. 6, p52, will show that uniform
decay in plasma levels of imidocarb diad hét begin until
the 3rd day following intramuscular injection of 4.5
mg/kg of body weight. The value observed on the 28th
day is somewhat below what is considered to be the |
accurate range of the instrument for the assay method
used. The regression equation was, therefore, calcu-

lated from the data obtained between the 3rd and 21st

days inclusive ({Fig. 7, p53) and is shown below: o

.+
= .

h LR ot "_.:. . .'. Lo
Log, ¥ = -7270 - .9277 (X) .

. r = .9803
»

The disappearance of imidocarb from the plasma after
the 3rd day, therefore, followed first-order kinetics

and will fit the eguations:

Where: Co initial concentration at to

o C = concentration at time t

base of natural logarithms!

n

e




e - Kg = rate constant of elimination from
plasma.

Since the half-life (t 1/2)} of the drug is 10.2 days,

1

K. can be calculated to be 0.0637 day =~ according to

e
the equation:

R, = 0.693/t 1/2
The apparent volume of distribution of drug (V@) can be

calculated by using the y-intercept (C,} of the regres-

sion equation and the dose administered (Q) by the

eguation:
vd = Q/Co

210.2 mg x L = 39.42 L
5. 33 mg

The dose required to produce a given drug concentration
in the plasma can, therefore, be related to the apparent

volume of distributicn (18) as follows: -
Total Dose = Vd x body wt. x desired conc.

Where: Vd is expressed in L/kg,
body weight in kg,
desired concentration in mg/L and

the total dose will be in mg.
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The interval between doseé iegﬁired to maintain a drug
concentration in plasma above a certain minimal value
(Cpin} is related to the initial plasma concentration
and the first-order disappearance constant (64) as
defined by the eguation: -

{2n (1 + )/ Cnin 1Ko " e

Y R v
L
i

If it is assumed that 0.5 pg/ml is the minimal

suppressive plasma level for most babesial infections,

the intervals between various dosages may be calculated

as shown in Table 8. The calculated values illustrate
that doubling or tripling the dose may not signifi-
cantly increase intervals between doses., This would
tend to indicate that dosage levels of 2-3 mg/kg of
body weight given intramuscularly as recommended
previocusly in the treatment of cattle babesiasis (10,
11, 81) are probably adequate. The present data would

also support this dose for curative purpose since high

peak levels are reached in blood plasma and blecod

corpuscles with possible concentration in Babesgia.

,, It is probable from Kuttler's results (51) that

; Anaplasma cannot sequester imidocarb and, therefore, a

high concentration must be maintained in the blood.

Since the rate of excretion is high within the first

F
-,




Table 8. Estimated dose intervals necessary for
maintenance of plasma levels of imidocarb

above 0.5 pg/ml in sheep.

Intramuscular Initial plasma Intervals
dose conc. [ Co ] in
mg/kg mg/L d ays
2.0 2.4 30.1
3.0 3.6 34.8
5.0 5.9 41.2
6.0 7.1 43.7

10.0 11.8 50.9
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24 hours and slow thereafter, the dose administered
must be limited to avoid toxic concentrations. Small
repeated doses at 2-3 day intervals may be safer and

just as effective as single large doses.

Plasma protein binding:

The nature of the interaction of imidocarb with
sheep plasma proteins was not found to be similar to
that observed with such basic drugs as amphetamine (3),
chloramphenicol {18), and phencbarbital (86}). The
degree of binding at therapeutic plasma levels may
depend on drug concentration so long as the concentra-
tion of imidocarb is low relative to the number of
available binding sites on protein. Protein binding

sites appear to become saturated at plasma concentra-

‘tions of 7.4-18.9 ug/ml with a theoretical maximum

binding of about 68.9% as shown in Fig. 9A, p6C. A
maximum binding of 62.2% was obtained experimentally
(Table 2, p58). The mederately high plasma protein
binding may be a factor of importance in the |

extraordinary persistence of imidocarb in the body.
Distribution:
Imidocarb was unusunally persistent and widely

distributed in the body. Nimmo-Smith and Ince {61)
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have reported detectable levels in various tissues in
cattle for up to 6 months. The extensive localization
observed in tissues is not unusual since it is a pro-
perty common to a large variety of basic compounds (e.g.,
antrycide, mepacrine, stilbamidine, chloroquine, etc.).
However, its highly selective nature is noteworthy.

The initial concentration in the kidney and in the
liver have also been observed in cattle (61), horses
and donkeys (28). The high kidney concentrations at 6
and 24 hours correlate very closely with the high urine
level obtained during the same periods and may reflect
more the drug trapped within the lumen of the renal
tubules. The appreciable decline in 32 days indicates
lack of strong binding by the kidney and confirms the
finding by Frerichs et al (28) that imidocarb may be
concentrated and resorbed unchanged from the renal
tubules. The high liver levels follow closely the bile
concentrations of imidocarb and this would indicate the
importance of biliary excretion of imidocarb. The
results of the assay methods did not show any meta-
bolites of imidocarb in the bile or liver. Compared

to the kidney, the liver tended to bind the drug more
tightly, hence there was still a high proportion of the

drug remaining in the liver at 32 days. The high
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c0ncentrét£oﬂs in the kidﬁey.énd.liﬁer ﬁé; bé'a.majér
factor in the nephro- and hepato-toxicity of imidocarb
reported by Adams (1) and Corrier (16). Further
experiments on the relationship between kidney and
liver capacities and imidocarb toxicity are desirable.

The brain concentrated imidocarb and the level
reéched within 24 hours did not decrease significantly
over the 32-day period of the experiment. The slow
rate at which imidocarb entered the brain as evidenced
by the low level at ¢ hours might be due to difficulty
of the drug in crossing the bloed brain barrier. The
wide distribution of imidocarb within the central

nervous system and its persistence seem to follow the

pattern described for stilbamidine (15, 58, 65, 73, 77).

The unusually high concentration of l4c-labelled - .

imidocarb in the pituitary may be related to the high

wvascularity of this organ.

Localization of imidocarb in the kidney, liver and
other tissues should be independent ¢f the nature of

the salt administered. Several workers (28, 61, 63)

" have reported on the persistence of considerable

'f_ residues of imidocarb in tissues when the dihydro-

chloride salt was injected.




90

5.

In one co&n-tréaféd sucutaneoﬁsly.with éhe.dihfdfoxy-
naphthoate salt at a dose rate of 2.5 mg/kg, 15 days
post treatment, the liver, kidney, and plasma contained
approximately 40 ng/Gm, 30 pg/Gm and 1.7 ug/ml,
respectively. The subcutaneous site of injection had

a high drug residue (1,618 ug/Gm). Nimmo-Smith and | f“
colleague (62) have observed that imidocarb was widel?
distributed and persistent in tissues after intravenous
administration of the dipropionate galt. The duration
of prophylaxis afforded by imidocarb, if dependent on
localization in tissues, should therefore be independent
of the nature of the salt administered. The presence

of the dihydroxy-naphthoate salt at site of injection
may not be essential for the persistence of imidocarb

in the body or for the maintenance of prophylaxis.
Todorovic et al (8l) demonstrated prophylaxis for at’

least 21 days against B. bigemina in cattle treated -«

intravenously with the dihydrochloride salt at a dose
rate of 3 mg/kg. : .2
B3

v

y

m. tissues supplied by Burroughs—Wellcome, -
Research Triangle Park, N.C. o oo i
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Excretion:

Urinary excretion of imidocarb in sheep was rapid
duiing the first 24 hours but reaching a maximum in
about € hours; thereafter it tended to fall exponen-
tially in close correlation with the plasma levels
(Fig. 11, pe68). Chromatoérams of urine, bile, milk and
isoamyl alcohol-hexane extracts of liver, kidney and
other tissues did not indicate the presence of
metabolites or conjugation products of imidocarb.
Perhaps, biotransformation preoducts, if present, are
not readily defected by the assay methods used.

The rate of renal clearance of imidocarb has begn
shown to be considerably below glomerular filtration |
rate and up to 90% of the amount filtered is reabsorbed.

The reabsorptive process that is available to imidocarb

+ is comparable in efficacy with that for certain amino

acids such as arginine, suggesting that this may be an
active transport system. Peters (67) has reported that
strong organic bases are actively transported by the

renal tubules since various bases have been shown to

|- depress the simultaneous tubular excretion of others and

that in the renal slice at least, the inhibition appears
to be a4 competitive one.

The most important criterion for an active process
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is reabsorption against a concentration gradient.
Calculation of the ratio of urinary to plasma concen-
tration of imidocarb for every clearance period

revealed that the ratio was always considerably Jreater

than unity. These results would indicate that non-ionic

passive diffusion is the cause of reabsorption of
imidocarb. The rate of renal excretion of a number ofx
organic bases in man angd dog has been shown to vary
inversely with the pH of the uripe (56)}. When the pH of
the tubular fluid is different from that of plasma in

the peritubular capillaries, the ratio of non-ionized to

ionized form will be different in the two compartments.

When the fluid in the tubular lumen is rendered more

; alkaline than that of the plasma, there will be more of

the non-ionized form in the lumen than in the peri~aff'
tubular blood and the resulting concentration gradient"
will favor passive reabsorption.

It is implicit in such a passive mechanism that it
should not exhibit reabsorption maxima (i.e., T™m's),
since no rate limiting transport mediator is involved.
However, the deleterious physiological effects of |
imidocarb, like other known strong organic bases,

precludes determination cf the upper limit for the

" quantity of the compound that may be reabsorbed. This
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1 dual mechanism of active transport and volume and

B pH-dependent passive reabsorption has been demonstrated

for organic acids in the dog (89), and Torreti and - .- -
colleagues (82) have reported that it seems to be a

plausible hypothesis for organic bases..

Biliary excretion appears to be an imporiéﬂtli_
éﬁénue for the elimination of imidocarb after intramus?
cular injection in sheep. This finding is in agreement
with the report by Schanker and Solcmon (74) that a
number of strong organic bases can be excreted into the
bile in high concentrations, and the finding by Reid
and coworker ({69) that relatively high amounts of - .

injected radioactive stilbamidine were excreted through

the bile of mice during the first 24 hours., The level

1 of imidocarb excreted via the urine and bile slowly

declined each day without significant fluctuation.
Enterochepatic recycling therefore, is probably not
important because the diamidines as a class are poorly

absorbed from the gastro-intestinal tract.

The detection of imidocarb in milk is important
from the standpoint of a public health hazard., Launoy
et al (52) were unable to detect pentamidine in the milk

of nursing rats, whereas imidocarb was promptly detected
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in the milk of lactaﬁing ewes. Imidocarb base is
virtually water insoluble but highly scluble in the more
polar organic solvents {(dimethyl sulfoxide, methyl
alcohol, isocamyl alcohol, etc.). The rapid penetration
into milk can therefore be explained by the low degree
of ionization and high lipid sclubility. Nonionic
passive diffusion is considered the principal way by
which drugs penetrate from blood into milk (68). The
apparent volume of distribution of imidocarb is approxi-
mately egual to the total body water. Such a value is
indicative of widespread distribution of the drug in the
body. In this context, the mammary gland and its
contained milk could slow the elimination of imidocarb
- from the body by acting as a retention site. The
mammary gland concentration of imidocarb remained
relatively high throughout the 32-day pericd of this
experiment. b

It is possible that differences in pH between blood
and milk may account for the high concentrations of
imidocarb found in milk. Being a basic drug, the per-
centage of the non-ionized fraction may be greater in
plasma than in milk. A proportion of the diffusible,
non-ionized drug is converted into non-diffusible,

ionized form, due to the lower pH (6.5-6.8) of milk,
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and is trapped'inlﬁiik and is ugablé to enter the
general circulation. Millér et al (55) have reported
that basic drugs produce milk ultrafiltrate to plasma
ultrafiltrate ratios of 1.0 or higher. This report is
supported by the present experiment where peak milk to

plasma ratio of imidocarbh was approximately 2.4:1.

Efféét"dn'mitochondrial respiration:

Adams (1) and Corrier (16) have demonstrated by
electron microscopy the affinity of imidocarb forx
mitochondri;. Since imidocarb is partitioned equally
between plasma and red blood cells, it may penetrate
into Babesia in the event of an infection. No direct
evidence of localization c¢f the drug within Babesia is
available at present, but it is known that Babesia do
possess a mitochondrion~like structure that performs
mitochondrial functions (90). This hypothesis may not,
however, explain the mechanism by which imidocarb exerts
its action against Babesia, since it was not found in
the present study to uncouple rat liver oxidative

phosphorylation or interfere with ADP oxygen uptake.
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