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5-Hydroxytryptamine metabolism in sheep
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Summary

1. 5-Hydroxytryptamine (5-HT) (10 mg) administered intravenously to sheep
was mostly excreted in the urine as 5-HT-O-glucuronide (705 +162 jug, mean
from six wethers + S.E.M.) and 5-hydroxyindolylacetic acid (5-HIAA) (6,850 +
1,538 1kg). Oral administration of 5-HT (100 mg) led to the excretion of
590 + 212 jig 5-HT-O-glucuronide (mean from five wethers + S.E.M.) and
7,394 + 2,093 jig 5-HIAA in the urine.
2. After administration of DL-5-hydroxytryptophan (DL-5-HTP) (20 mg i.v.
or 200 mg orally) sheep excreted about 5 mg 5-HT in the urine together
with 5-HT-O-glucuronide and 5-HIAA. The excretion of 5-HT suggests that
some DL-5-HTP perfused the liver and the lungs before being decarboxylated.
3. Twenty-four hour specimens of control urine contained 335 + 45 ,g 5-HT,
909 + 90 ,ug 5-HT-O-glucuronide and 3,352 + 362 ,ug 5-HIAA (seven sheep in
each instance). Thus endogenous 5-HT seemed to be conjugated with
glucuronic acid to a greater extent than administered 5-HT.
4. Although urinary 5-HIAA was reduced after a single dose of isocarboxazid
(20 mg/kg daily) the 5-HT-O-glucuronide content of the specimens was not in-
creased until two or three doses of the drug had been given.
5. Carbon tetrachloride (4 ml orally) reduced the urinary excretion of 5-HT-
O-glucuronide. Although the conjugation of 5-HT with glucuronic acid was
inhibited after administration of carbon tetrachloride the excretion of 5-HT
and 5-HIAA was not increased. This observation suggests that carbon tetra-
chloride impaired the formation or clearance of endogenous 5-HT in sheep.

Introduction

Endogenous 5-hydroxytryptamine (5-HT) seems to be metabolized by two routes
in sheep as substantial amounts of 5-hydroxyindolylacetic acid (5-HIAA) and 5-HT-
O-glucuronide are excreted in the urine (Bartlet & Gilbert, 1971). The present
experiments were carried out in order to investigate more fully the ability of mono-
amine oxidase and UDP-glucuronyl transferase to metabolize 5-HT in this animal.
Estimates have been made of the urinary metabolites from 5-HT and DL-5-hydroxy-
tryptophan (DL-5-HTP) administered to sheep by the oral and intravenous routes,
and the effects of isocarboxazid and carbon tetrachloride on the urinary metabolites
of endogenous 5-HT have been examined.

Methods
Animals

Seven black faced wethers, body weight 26'9 +2-3 kg (mean+ S.E.M.), were kept
on a diet of oats (150 g/day), unrestricted hay and water. The sheep were given



thiabendazole (2-3 g), which was repeated when nematode eggs were found in
samples of the faeces. The eggs of liver flukes were never found in the faecal
samples. The method used for the collection of specimens of urine has been described
(Bartlet & Gilbert, 1971).

Drugs

Capsules of carbon tetrachloride B.Vet.C. (1 ml) (Boots Ltd.), 5-hydroxyindolyl-
acetic acid diethylammonium salt (B.D.H.), 5-hydroxytryptamine creatinine sulphate
(B.D.H.), DL-5-hydroxytryptophan, isocarboxazid (marplan) and thiabendazole
(Merck, Sharp & Dohme Ltd.) were used. 5-HT and DL-5-HTP were dissolved in
0-9% (w/v) aqueous NaCl and injected intravenously or administered orally. Iso-
carboxazid was suspended in 2% (w/v) aqueous gum acacia for oral administration.

Estimation of 5-hydroxyindoles and creatinine

The methods for the estimation of 5-HT, 5-HT-O-glucuronide and 5-HIAA in
sheep urine have been described (Bartlet & Gilbert, 1970, 1971). The amounts of
5-HT-O-glucuronide in the text, tables and figures have been given in terms of the
5-HT liberated by f3-glucuronidase. 5-HT and 5-HIAA have been expressed as
weights of free base and acid, respectively. Creatinine was determined by the sodium
picrate method after extraction of the urine with peroxide-free ether (Taussky,
1956).

Results

Metabolites of administered S-HT

5-HT (10 mg) injected intravenously often produced a brief recumbency and
dyspnoea for up to 20 minutes. Neither 5-HT (10 mg) intravenously nor 5-HT (100
mg) orally affected the volume and creatinine content of the urine specimens.
When 5-HT was administered to sheep measurable amounts of its metabolites

were excreted in the urine specimen collected in the first 24 h but not in subsequent
collections (Fig. 1). Values for the metabolites derived from the administered 5-HT
in 24 h specimens of urine are given in Table 1. The administration of 5-HT to sheep
led to a significant rise in the excretion of 5-HT-O-glucuronide and 5-HIAA but
not 5-HT. Both 5-HT (10 mg) intravenously and 5-HT (100 mg) orally produced
about 8 mg of urinary metabolites of the drug, about 90% of the metabolites of
5-HT administered intravenously or orally being 5-HIAA.

TABLE 1. Urinary metabolites of administered 5-hydroxytryptamine
Administration Increase in the metabolites

of 5-HT in urine P
5-HT 355±200 Lg >0.1

10 mg (i.v.) 5-HT-O-glucuronide 705+ 162 ug <0-01
5-HIAA 6850±1538 tg <0-01

5-HT 30±19iLg >0-1
100 mg (oral) 5-HT-O-glucuronide 590+212 /tg <0 05

5-HIAA 7394 ±2093 ug <0.05

Increase in the excretion of 5-hydroxyindoles in 24 h urine specimens collected after administration
of 5-HT. Each value is a mean±S.E.M. obtained from six wethers injected with the drug or five
wethers dosed orally.
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FIG. 1. Excretion of 5-hydroxyindolyl compounds in the urine of the sheep after administra-
tion of 5-HT and DL-5-HTP. Sheep, two-two, 19 kg. From above downwards: urinary 5-HT
(mg/24 h); 5-HT-O-glucuronide- (mg/24 h); 5-HIAA (mg/24 h) and creatinine (mg/24 h).
The arrows mark the oral administration of 5-HT (100 mg) after 2 days of the experiment and
DL-5-HTP (200 mg) after 6 days.



Metabolites of administered DL-S-HTP

DL-5-HTP was administered in doses which were twice those used for 5-HT as
only the L-isomer of the amino-acid is decarboxylated to 5-HT by 5-HTP decarboxy-
lase. Intravenous or oral administration of DL-5-HTP produced no symptoms in
the animals and did not affect the volume or creatinine content of the urine speci-
mens. Measurable amounts of metabolites of administered DL-5-HTP were only
excreted in the urine collected in the first 24 h after administration of the amino-
acid (Fig. 1). About 5 mg 5-HT were excreted in the urine after administration of
DL-5-HTP (20 mg) intravenously or DL-5-HTP (200 mg) orally (Table 2). This
observation contrasts with the insignificant effect of similar doses of administered
5-HT on the 5-HT content of the urine. Intravenous or oral administration of DL-
5-HTP also produced rises in the urinary excretion of 5-HIAA and 5-HT-O-
glucuronide which were similar to those found after administration of 5-HT.

Metabolites of endogenous 5-HT

The following values for the 5-hydroxyindoles and creatinine in control urine
were calculated from the means for each animal in the foregoing experiments. The
24 h specimens contained 335+45 jug 5-HT, 909+90 jug 5-HT-O-glucuronide,
3,352 + 362 ,ug 5-HIAA and 488 + 38 mg creatinine. The amount of each
metabolite of endogenous 5-HT expressed as a percentage of the 5-hydroxyindole
content of the specimens was 7% 5-HT, 20% 5-HT-O-glucuronide and 73%
5-HIAA. These values are very similar to those obtained previously for sheep
urine (Bartlet & Gilbert, 1971). The proportion of endogenous 5-HT conjugated
with glucuronic acid was greater than that for administered 5-HT.

Effect of isocarboxazid on metabolites of endogenous 5-HT

Isocarboxazid, an inhibitor of monoamine oxidase, was administered orally to
three sheep at a dose of 20 mg/kg on 3 successive days. The sheep became very
alert and stamped their hoofs frequently after administration of isocarboxazid.
Anorexia was observed after the second dose of the drug, the animals refusing oats
and sometimes hay. The sheep passed very few faeces after isocarboxazid and in
two experiments the volume and creatinine content of the urine specimens were
reduced. The effect of isocarboxazid on the urinary excretion of 5-HT, 5-HT-O-
glucuronide and 5-HIAA was similar in the three animals used, the results of a
typical experiment being shown in Fig. 2.

Isocarboxazid produced a prompt reduction in the urinary excretion of 5-HIAA
and after some delay a rise in the 5-HT-O-glucuronide content of the specimens.

TABLE 2. Urinary metabolites ofadministered DL-5-hydroxytryptophan
Administration Increase in the metabolites
of DL-5-HTP in urine P

5-HT 4813±1179 fg <0-02
20 mg (i.v.) 5-HT-O-glucuronide 466± 167 ug <0 05

5-HIAA 4223 ±924,g <0.02
5-HT 4736±1472 ug <0-05

200 mg (oral) 5-HT-O-glucuronide 640±482 ,g >02
5-HIAA 10656±445 ,ug <0;001

Increases in the excretion of 5-hydroxyindoles in 24 hurine specimens collected after administration
of DL-5-HTP. Each value is a mean obtained from five wethers±s.E.M.
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In two animals 5-HT-O-glucuronide was excreted in increased amounts after the
second dose of isocarboxazid and the raised level of excretion was maintained for
2 days after discontinuing the drug (Fig. 2); in the third sheep the excretion of
5-HT-O-glucuronide increased only after the administration of isocarboxazid had
been stopped. Administration of the monoamine oxidase inhibitor increased the
5-HT content of the specimens by about 50% in two of the three animals. The
increases in the excretion of 5-HT-O-glucuronide and 5-HT after administration of
isocarboxazid were always substantially less than the reduction in urinary 5-HIAA.

Effect of carbon tetrachloride on metabolites of endogenous S-HT

Four sheep were put in metabolism cages for 7 days and carbon tetrachloride
(4 ml) was administered orally at the end of the third day of the experiment. The

_IF_

I E o

3

0

s.%. 2

E _

I46-m

JE
2

Boor
O _

u 6000-

200 /
iw~~~~t I II

0 1 2 3 4 5 6 7 8 Days

FIG. 2. Effect of isocarboxazid on the excretion of 5-hydroxyindolyl compounds in the urine
of the sheep. Sheep, three, 33 kg. From above downwards: urinary 5-HT (mg/24 h); 5-HT-
O-glucuronide (mg/24 h); 5-HIAA (mg/24 h) and creatinine (mg/24 h). At the arrows iso-
carboxazid (20 mg/kg) was adminstered orally on 3 successive days.
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drug did not produce any symptoms in the animals or affect the volume and
creatinine content of the urine specimens. The 5-HT-O-glucuronide content of the
specimens was always reduced after administration of carbon tetrachloride (Fig. 3),
being 49+2% of the control content the first day after the drug and 42 + 6%,
51 +7% and 63 + 15% on the second, third and fourth days, respectively. Carbon
tetrachloride did not produce any consistent changes in the urinary excretion of
5-HT and 5-HIAA. In three of the animals the excretion of 5-HT was reduced
for 24 h following administration of carbon tetrachloride, and in two animals there
was some reduction in the 5-HIAA content of the specimens after administration of
the drug.
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FIG. 3. Effect of carbon tetrachloride on the excretion of 5-hydroxyindolyl compounds in
the urine of the sheep. Sheep, 'three, 33 kg. From above downwards: urinary 5-HT
(mg/24 h); 5-HT-O-glucuronide (mg/24 h); 5-HIAA (mg/24'h) and creatinine (mg/24 h). At
the arrow CCI, (4 ml) was administered orally.
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Distussion

Intravenous injection of 5-HT in sheep did not produce a significant increase in
the urinary excretion of the amine. 5-HT administered intravenously. perfuses the
lungs before the kidneys, which may account -for the insignificant excretion of the
injected amine as dog lung clears 5-HT from the circulation (Thomas & Vane, 1967).
Most of the 5-HT was probably deaminated by monoamine oxidase as about 87%
of the urinary metabolites of 5-HT injected in sheep was 5-HIAA. According to
Thomas & Vane- (1967) however, pretreatment with inhibitors of monoamine oxidase
did not. affect the removal of circulating 5-HT by dog lung, thus there may be species
differences in the metabolism of 5-HT in the lung. Disregarding this possibility,
however, an alternative explanation would be that after blockade of monoamine
oxidase the lung removes 5-HT from the circulation by another metabolic route or
by storage of the amine. In these experiments about 9% of the 5-HT administered
intravenously was excreted as 5-HT-O-glucuronide, and it is possible that after
blockade of monoamine oxidase the lungs metabolize 5-HT by conjugation with
glucuronic acid.

5-HT absorbed from the gastro-intestinal tract perfuses the liver and the lungs
before the kidneys and as both the liver and the lungs are highly effective in clear-
ing 5-HT from the circulation (Thomas & Vane, 1967) the absence of a rise in
urinary 5-HT after oral administration of the amine was expected. About 7% of
the metabolites (derived from orally administered 5-HT) was 5-HT-O-glucuronide,
thus the liver and the gastro-intestinal tract did not seem to be more effective than
the lungs in conjugating administered 5-HT with glucuronic acid.
When DL-5-HTP was administered to sheep intravenously or orally, a large amount

of 5-HT was excreted in the urine. Much of the administered DL-5-HTP seemed to
escape decarboxylation in the gastro-intestinal tract, liver and lungs for 5-HT per-
fusing these organs would be metabolized before excretion. Thus the urinary 5-HT
seems to have been formed from DL-5-HTP which had perfused the lungs before
being decarboxylated, possibly in the kidney. The volume and creatinine content
of the 24 h urine specimens were unaffected by DL-5-HTP administration, thus
sheep kidneys were either insensitive to 5-HT or excreted the amine so rapidly that
its effect was not apparent in a 24 h collection. The relative amounts of 5-HT-O-
glucuronide and 5-HIAA in urine collected after administration of DL-5-HTP were
similar to those present in specimens collected after 5-HT administration, thus 5-HT
derived from administered DL-5-HTP was neither conjugated with glucuronic acid
nor deaminated to a greater extent than administered 5-HT.
The relative proportions of the urinary metabolites of endogenous 5-HT differed

from those of administered 5-HT or DL-5-HTP. Expressed as a percentage of the
urinary 5-hydroxyindoles the metabolites of endogenous 5-HT consisted of 7%
5-HT, 20%, 5-HT-O-glucuronide and 73% 5-HIAA. Thus conjugation with
glucuronic acid seemed more prevalent in the metabolism of endogenous 5-HT than
of administered 5-HT. This deduction does not take into account any effect of the
large dose of 5-HT which was administered, however, and it may be that as more
amine was presented for metabolism so a greater proportion was deaminated by
monoamine oxidase.
The reduction in urinary creatinine and faeces after administration of isocarbox-

azid seem to have been due to the anorexia. The overall urinary excretion of
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5-hydroxyindoles was also reduced after isocarboxazid, the decrease in urinary
5-HIAA being greater than the increases in 5-HT-O-glucuronide and 5-HT. Al-
though the anorexia may have reduced the urinary excretion of 5-hydroxyindoles
the reduction could equally well have been due to an inhibition in the synthesis of
5-HT after isocarboxazid since administration of iproniazid, another hydrazine
derivative which inhibits monoamine oxidase, may reduce the synthesis of 5-HT by
making vitamin B. unavailable as a cofactor (Davison, 1956; Bartlet, 1960). Iso-
carboxazid reduced the urinary excretion of 5-HIAA promptly but the increase in
the excretion of 5-HT-O-glucuronide was preceded by a delay of 1-3 days. It seems
unlikely that UDP-glucuronyl transferase acts as slowly as this; an inhibition in
the synthesis of 5-HT after isocarboxazid would explain the delay but some redispo-
sition or synthesis of the enzyme may have been required before additional 5-HT-O-
glucuronide was produced.

Carbon tetrachloride reduces the glucuronide conjugating capacity of guinea-pig
liver as measured by the formation of p-nitrophenol glucuronide in liver homogenate
(Isselbacher & McCarthy, 1960). Although the urinary excretion of 5-HT-O-
glucuronide was reduced after administration of carbon tetrachloride to sheep the
excretion of unmetabolized 5-HT and 5-HIAA was not increased. This observa-
tion suggests that the unconjugated 5-HT was retained in the tissues of the sheep or,
that the formation of endogenous 5-HT was inhibited after administration of carbon
tetrachloride.
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