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Summary

The first three chapters investigate the identification of spawning readiness pheromones used by
two species of fish, rainbow trout and roach. Tissue samples from rainbow trout were extracted
using both solvents and solid phase techniques and analysed by GC-MS, with mainly fatty acids
and related compounds identified. Urine samples from rainbow trout were also extracted and
analysed by GC-MS and NMR to identify potential pheromones, and a tentative identification
of free testosterone and conjugated androgens from female trout urine is made. Egg and milt
samples from a second species, roach, were collected during spawning, extracted and analysed
using the same techniques, and a prostaglandin pheromone which is released with the eggs is

suggested.

The next three chapters investigate the identification of a larval hatching pheromone in the mud
crab, Rhithropanopeus harrisii (Gould). Animals were collected from Cardiff Docks and a
breeding colony established. Samples of hatch water were analysed by ultrafiltration, HPLC and
bioassay to give active fractions which were subject to electrospray mass spectrometry to yield

molecular masses. A tripeptide with the composition, Tyr/Met/Arg is suggested as the candidate.

The last three chapters describe the study of the degradation characteristics of halogenated
organic compounds in aqueous solution with palladium doped onto an iron surface. Degradation
rate constants were determined for a number of halo- compounds. Investigations with radical
clock compounds exclude a radical intermediate with a half life >1.8 x 10 sec. Two novel
bromo- compounds, trans-1-bromo-2-(n-hexyloxy)-cyclohexane and trans-1-bromo-2-(n-
octyloxy)cyclopentane were synthesised to give mechanistic information akin to that from radical
clocks. We term these new compounds “anion clocks” and their reactions, octanol production
faster than hexanol production and both alcohols rate of formation significantly faster than the
rates of formation of the hexyloxycyclohexane and octyloxycyclopentane, suggest a short lived
anionic intermediate. Finally, a “dual” clock compound is proposed which could give up to three
products depending on whether the intermediate is a short lived radical, a long lived radical or

an anion.
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Chapter 1, Fish Pheromones

1.0 Introduction
1.1 Definitions

Pheromones are used throughout nature, “from microbes to man”' to transfer
information between members of the same species. The original term for this type of chemical
was “ectohormone” as defined by Bethe® in 1932, but this is not accurate as “ecto” means
“external” and “hormone” with its traditional meaning of “an organic compound secreted by
an endocrine (ductless) gland, whose products are released into the circulating fluid™. The
term ‘pheromone’ was proposed by Peter Karlson and Martin Liischer* in 1959 and is derived
from the Greek “pherein” meaning “to transfer” and “hormon” meaning “to excite”. It is
defined as “a chemical signal emitted from one member of a species and received by another
member of the same species”. Pheromones are therefore defined as “intraspecific” (i.e.
between members of the same species) as opposed to interspecific (between members of
different species) and in a strict interpretation the chemical should be produced only for
communication, although this latter part of the distinction is becoming blurred with the
discovery of metabolic byproducts which also act as communicants.

Pheromones can convey a wide variety of information such as location of a food
source, readiness of a partner to mate and avoidance of an area because of predation.
Pheromones can be subdivided into two categories, “releaser” pheromones which cause an
immediate behaviour response in the receiver, e.g. the fright reaction of a school of minnows
to an injured conspecific, and “primer” pheromones which cause physiological changes in the
recipient, e.g. the spawning readiness cue exercised by the female goldfish.

Pheromones are part of a larger class of chemicals called semiochemicals.
Semiochemicals are defined as substances produced by organisms for communication. The
term is derived from the Greek word “semeion” meaning “to signal’”®. The other subclass of
semiochemical is the allelochemics which act between members of different species, and can
be further subdivided into two groups, allomones and kairomones. Allomones, (from the
Greek “of one another™) and are defined as inducing a response in an individual of another
species that is beneficial to the sender, for example the unpleasant odour of a skunk which
deters attack. Kairomones are defined as inducing a response in another species that is
beneficial to the receiver, for example a predator attracted by the mating pheromone of an

insect. In some instances the semiochemical may fall into both categories. For example, the
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scent of a flower attracts bees to pollinate it and volatile compounds such as jasmone released
by plants suffering aphid attack attract aphid predators® which benefits both plant and predator.
In this instance, the signal is termed a synomone’. Many metabolites act as semiochemicals
in addition to their original function®’.

The vast majority of the work done to date has been on terrestrial pheromones, most
notably those of butterflies and moths, the lepidopteran pheromones. The main reason for this
is the economic impact these animals have on agriculture as a number of them are regarded
as pests. The first pheromone to be characterised was that of the silk moth (Bombyx mori) in
1959 by Butenandt et al. The work lasted over 20 years and used over 1 million females to

yield just 11.2 mg of a derivative of the active substance, Bombykol 1'.

1 Bombykol, 10E,12Z-hexadecadien-1-ol

By modern standards this identification used an enormous quantity of material. With
the instrumentation available today, for instance the gas chromatograph-mass spectrometer
(GC-MS), only pg-ng quantities are required for identification''. Insect pheromones also lend
themselves to mass spectral analysis because, by necessity, they are volatile. The vast majority
of insect pheromones are alcohols, aldehydes or ethanoic acid esters derivatives.

Pheromones have been identified across the animal, plant and microbial kingdoms.
One of the most widely studied systems is that of the yeast species Saccharomyces cerevisiae.
This yeast has a two pheromone system using a- and a-factors secreted by a- and a-cells
respectively'2. Both pheromones act in a similar way on their target cells'®, for example, the
tridecapeptide a-factor identified as Trp-His-Trp-Leu-Gln-Leu-Lys-Pro-Gly-Gln-Pro-Met-
Tyr' binds to a protein coupled receptor on the cell surface'® which activates a kinase cascade
starting a signal transduction pathway that arrests cell division and engages polarity
establishment proteins which organise the actin cytoskeleton and enable polarised growth up
the concentration gradient leading to cell fusion with the alpha cell'®. Similarly, the
dodecapeptide Tyr-Ile-Ile-Lys-Gly-Val-Phe-Trp-Asp-Pro-Ala-Cys-(farnesyl)OCH,, “a-factor”,
which has undergone post-translational modification with a famesyl isoprenoid and
carboxymethyl group'’, again binds to a receptor on the alpha cell initiating polarised growth
and ultimately cell fusion with the emitting a cell. These types of peptide hormones have been
identified for a variety of fungal species'®'’.

Another well documented use of semiochemicals is that of the Western Pine beetle,



3

Dendroctonous brevicomis, which uses myrcene 2 released by distressed trees for host
selection. The female finds the host tree, then releases exo-brevicomin 3 which attracts males.
The males arrive and release frontalin 4 during mating. The combination of all three
compounds in turn acts as a mass attack pheromone to attract more beetles. When the tree is
fully colonised, the beetles release the deterrent pheromones verbenol 5, verbenone 6 and (S)-

(+)- ipsdienol 7, produced from the myrcene 2 that attracted them in the first instance®.

2 Myrcene 3 exo-Brevicomin 4 Frontalin
HO o) |
5 trans-(1S)-(-)-Verbenol 6 Verbenone 7 (S)-(+)-lpsdienol

Other pheromones identified from the insect kingdom include attraction pheromones
cis-7,8-epoxy-2-methyloctadecane 8 (Disparlure) from the female gypsy moth, and 7,11-
hexadecadienyl acetate 9 (Gossyplure) from the female pink bollworm moth?', the sex
pheromone 10 (Periplanone B) of the American cockroach and the aggregation pheromone of

the German cockroach 11, 12.

O
)j\ 1 7
o =
11 16
W

O, /fl\ 1 3 5 7 10 12 14 16

0 — Z
8 Disparlure, (7R,88S)-epoxy- 9 Gossyplure, a mixture of Z, Zand Z, E -7,11-hexadecadienyl acetate

2-methyloctadecane



10 Periplanone B

12 Blattellastanoside B

Pheromones identified in mammals include the attack deterrent of the striped skunk
containing 3-methyl-1-butanethiol 13 and (2E)-butene-1-thiol 14, the androstenol 15 and
androstenone 16 mixture used as a mating pheromone by boars and the ovulation signalling
pheromone of Asian elephants, (7 Z)-dodecenyl acetate 17, which, coincidentally, is also used

by at least 120 species of Lepidoptra®.

)\/\SH A X"sH

13 3-Methyl-1-butanethiol 14 (2E)-Butene-1-thiol

18 Androstenol, 5a-Androst-16-en-3a-ol 16 Androstenone, Sa-Androst-16-en-3-one

17 (7Z)-Dodecenyl acetate



1.2 Chemical cues in an aqueous environment

Many animals in an aqueous environment rely heavily on chemical cues for
information. This information may be about many things such as food, other group members,
predators and, of course, potential mates. Chemical cues become increasingly important in this
environment as audio and visual cues can easily be lost or distorted. Perfect eyesight is of little

use in very turbid conditions. Many pheromones have been proposed for fish. They have been

)23,24 25,26

implicated in schooling (groups stay together at night)~**, salmon migration~*°, parenting
skills"’, reproduction and predator avoidance*?”?%. The latter is more commonly referred to

as a fright reaction and was discovered by accident in 1938.

1.2.1 The fright reaction

The fright reaction was first observed by Von Frisch when working with European
minnows, Phoxinus phoxinus. When an individual which had undergone a small surgical
procedure was returned to the holding tank, the school retreated and moved closer together,
i.e. retreat and aggregation”. This behaviour was also observed when an injured fish trapped
by a metal feeding tube was released. These observations prompted further investigation and
it was demonstrated that mechanical rupture of skin cells released the alarm substance®®. The
alarm substance for this minnow is thought to be hypoxanthine-3-(N)-oxide?’18, as minnows
respond to purine based nitrogen containing compounds, and this one in particular’, and at
low concentrations®'. It is also interesting to note that in this instance, other species such as
fathead minnows and sticklebacks® can respond to the alarm substance® exhibiting what is
now known as classic behaviour by fleeing and schooling at the stream bed. Predators such as

3435

pike which have recently eaten minnows can also elicit the fright reaction’°,and this is

thought to occur by the alarm substance being excreted as a digestion waste product.

o]
H
HN N
N | />
N N
X
18 Hypoxanthine-3(N) oxide 19

a R = H; 17a,20B-Dihydroxy-4-pregnen-3-one, 17¢,20p-P
b R = SO3; 4-Pregnen-17«,20B-diol-3-one 20-sulphate, 17a,208-P sulphate
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1.3. How do fish detect pheromones?
Having established that fish rely heavily on chemical cues, the next question is how
are they detected? There are two main methods of detection, smell and taste, i.e. olfaction and

gustation.

1.3.1 Structure of the olfactory organ in teleost fish

Teleost (or bony) fish have a pair of organs containing the olfactory epithelium on the
dorsal side of the head. Water enters the anterior nares, passes over the epithelium and leaves
through the posterior nares. Water movement through the nares is caused by the fish
swimming.

The olfactory epithelium is folded into lamellae which form a rosette. The epithelium
is covered in mucus and contains two types of receptor cells, ciliated and microvillar®?.
Odorant molecules enter the nares, dissolve in the mucus and bind to the appropriate receptor
cells. The volume of the nares can be increased in some species like flounder by a spontaneous
jaw protrusion, termed “coughing” which allows enhanced sampling, analogous to vertebrate
sniffing.

Electrical measurements of the epithelium may be made using an electro-olfactogram
(EOG) which is analogous to an insect electro-antenneagram. In an EOG, electrodes are placed
on the surtface of the epithelium and odorants or test solutions flushed through the nasal
passages. There are four main classes of compounds which have been shown to induce an
olfactory response. They are amino acids, bile acids/salts, sex steroids and prostaglandins. The
first two groups are usually associated with feeding behaviour and the last two with mating.
These groups were found to be active in all fish species studied®. Bile salts have also been

implicated in migration and homing in salmonids and eels**.

1.3.2. Structure and mechanism of gustation in teleost fish

Gustation is largely a matter of taste. Taste buds may be internal, for example within
the mouth, or external on gills, barbels and fins. Some salmonids have been reported to have
up to 4,000 buds on their palates. The taste bud is comprised of receptor, basal and supporting
cells. The receptor cells have microvilli, in common with the olfactory epithelium. Electrical
measurement similar to the EOG may be made by placing the electrode on the palatine nerve
innervating the anterior palate and inside the upper lip*.

The main group of compounds studied is amino acids, again mainly associated with

a feeding behaviour, although certain amino acids induce a sexual response in the Rose
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bitterling”®. Amino acids can induce a response over a wide concentration range. Other classes
of compounds studied include bitter substances, bile acids (effective for salmonids), carbon
dioxide, some aquatic toxins (e.g. the puffer toxin tetrodotoxin), carboxylic acids and

nucleotides.

1.3.3 Olfaction versus gustation for pheromone detection

Olfaction has been shown to play a crucial part in pheromone detection and mating for
many fish species. It has been demonstrated for several species, that fish with wax blocked or
surgically sectioned nasal passages do not respond to primer or releaser pheromones. In
addition the olfactory epithelium taken from a mixed sex group of goldfish was shown to
specifically/preferentially bind 17a-20B-dihydroxy-4-pregnen-3-one (170,208-P, 19a) from
a solution of seven steroids. 17a,20B-P 19a is a reputed goldfish pheromone®. Olfaction for
the detection of prostaglandins has also been demonstrated*'*>. Many experiments have
demonstrated the presence of specific pheromone receptors in the olfactory epithelium.

The importance of olfaction for reproduction has also been demonstrated for the
African Catfish. When the medial olfactory tracts in ovulated females were severed, it was
found that they were not significantly attracted to the part of the tank containing a mixture of
steroidal glucuronides, whereas intact females showed a marked preference for this part of the

tank®. Steroid glucuronides are the proposed male pheromone for spawning readiness.

1.4. Pheromones in reproduction
As previously mentioned, pheromones play a huge role in fish reproduction. It has been
shown for many species that fish with impaired olfaction do not respond to chemical cues to

initiate spawning. There are many reviews on the role of hormones as pheromones in fish

44,45,9,46,47,48,49,50,51,52,53 154,55, 17,18

reproduction , as well as chemical communication in genera

The method of pheromone release has also been extensively studied. The urine of
sexually mature fish in a spawning situation has been found to be attractive to mature members
of the opposite sex. For example, female sea lamprey during the spawning run are attracted
to the urine of mature males** and male goldfish are attracted to the urine of ovulated females.
The release of pheromones is not restricted to one sex, both sexes may release pheromones at
different stages of the reproductive/spawning cycle®***#,

The pheromones that have been proposed are mainly steroidal hormones and
prostaglandins****"%, In females, the steroidal hormones are associated with egg formation and

maturation, and prostaglandins with ovulation, ie follicle rupture and release of the eggs from
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the ovary. In males, steroidal hormones either free or conjugated, are implicated in sperm
motility and spawning readiness cues*. Conjugation, (e.g. glucuronides, sulphates) is thought
to be necessary to make the steroid water soluble*® and also for rapid release in urine. There
are some exceptions to the steroid and prostaglandins hypothesis, for example male rose

- bitterling demonstrate sexual “pecking” behaviour and sperm release in response to a dialysis
tube containing amino acids®®. As previously mentioned, more usually, amino acids produce
a feeding response. The role of amino acids and peptides as pheromones in an aquatic
environment is discussed elsewhere in this thesis.

The use of hormonal steroids and prostaglandins as pheromones raises the question of
whether they were primarily for communication or if this function evolved because they were
there. It is suggested that the primary role of these compounds is to make the fish ready for
spawning and the communication aspect developed around their presence. Serenson and Scott
suggest the evolution of a “spying” mechanism, the chance appearance of a hormone receptor
in the olfactory epithelium which became incorporated and specialised for cue recognition’.
Although they tested twenty one C,, and C,, steroids, only four were detected when measured
by EOG. They also found that there was no difference between the sexes in the detection of
the C,, steroids. They suggest that these findings, coupled with the rapid release rate support
the idea that the pheromonal aspect developed to take advantage of a metabolic process. Free

steroids were found to be released from the gills and conjugated steroids from the urine*’.

1.4.1. Endocrine changes and pheromone release in goldfish

The most widely studied fish sex pheromone system is that of the goldfish, Cariasus
auratus’. The regulation of the spawning behaviour in female goldfish was first reported in
19748 and the presence of pheromones in 1976 . In this early work, it was clearly shown that
males responded to an unidentified odorant. Intact males were seen to chase ovulated females
for some hours, repeatedly nudging against her ovipore. The incidence of this pattern of
behaviour decreased markedly in anosmic fish. The behaviour is similar to that seen in
spawning. In this study the use of only one pheromone was suggested, released when females
had undergone ovulation. This pheromone acts as a “releaser”, i.e. induces spawning
behaviour in males. As an obvious change in behaviour is induced, the effect is much easier
to detect. A “primer” pheromone was also suggested. As the primer acts on the endocrine
system, the behavioural effects are not always immediately obvious and therefore harder to
detect.

Follicles form in the ovaries and the oocytes are induced to mature by the steroid
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17a,20B-P* 19a. Ovulation then occurs as the follicles rupture and the eggs are forced into the
oviduct. Prostaglandins have been implicated in follicle rupture. It has been suggested that two
pheromones may be involved. The first (associated with oocyte maturation) which causes a
gonadotropin (GtH) surge and ultimately an increase in milt volume. The second initiates the
male chasing behaviour and results in actual spawning and sperm release. The first pheromone
readies the male reproductive system and the second tells it when to act.

Early studies suggested that 17a,20B3-P 19a might be the primer pheromone as it was
found that the olfactory epithelium was particularly sensitive to this compound®®. After
exposure, milt volumes were found to increase®'. Interestingly, it was also found that milt
volume increased significantly 6 hours after exposure, which coincides with the usual time of
ovulation. Water-borne levels of 17a,20B-P 19a as low as 107"* M were found to increase milt
volume***%° However, as already described, the nudging behaviour of males around the
genital opening may expose them to higher local concentrations. The response of the endocrine

system by increasing blood levels of GtH is rapid, within 15 minutes.

2017a,20B,21-Trihydroxy-4-pregnen-3-one, 21 Androstenedione
170,20B,21-P

Further studies have suggested that the primer pheromone may be a mixture of
compounds, comprised of steroidal hormones in free and conjugated form®%, It has been
shown that mature goldfish ovaries produce a variety of steroids in three main forms, either
free or conjugated as glucuronides or sulphates. Other steroids implicated as having
pheromonal activity are 170,208,21-trihydroxy-4-pregnen-3-one (17,208,21-P, 20), another
oocyte maturation steroid, and 17a,20B-P sulphate 19b, which has similar effects on the male
endocrine system to 17a,20B-P*® 19a. Although both of these compounds are potent odorants
to goldfish, they are not as potent as 17a,20B-P 19a. In addition, steroids such as
androstenedione 21 are released which inhibit the endocrine action of 170,20B-P 19a. The
hypothesis is that 17a,20B-P 19a and androstenedione 21 are released together and the action
of 17a,20B-P 19a is blocked. As the ratio of 170,20B-P 19a to androstenedione 21 increases,
the priming action of 17a,20B-P 19a over rides some threshold and starts to take effect. The
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reasoning behind this is that non-ovulated females also release 170,203-P 19a at levels that
would affect males, and this override mechanism eliminates sperm and energy wastage.
The releaser pheromone implicated in goldfish spawning is associated with follicle
rupture® and ovulation. When the oocytes have matured, a prostaglandin (PG) causes
ovulation and the eggs are deposited in the oviduct. At the same time, both males and females
become sexually receptive and begin spawning behaviour. If eggs are stripped from one female
and inserted into the reproductive tract of an unovulated female, the latter female spawns
normally. This indicates that spawning is induced by the presence of the eggs rather than the
process of follicle rupture. This reaction to the inserted eggs may be stopped by injection of
a prostaglandin synthesis inhibitor, such as indomethacin. This effect can, in turn, be reversed
by PG injection. PG injection can also induce spawning behaviour in females with no eggs in

their reproductive tracts*.

HO HO
Z N e NN 2 N
CO.H o — COH
2 15
HO OH HO o
22 PGF,, 23 13,14-Dihydro-15-ox0-PGF;, 15-keto-PGF,,

Other studies have suggested that the pheromone may be an F type of prostaglandin.
Levels of PGF in blood and ovaries increase at the time of ovulation. PGF,, 22 has been
demonstrated to induce female spawning behaviour by its action on the brain® and females
injected with PGF,, 22 also induce spawning behaviour in males. When preference tests
between PGF,, 22 solution, PGF,, 22 injected females and ovulated females were performed,
it was found that males only responded to the injected or ovulated females*. PGF,, 22 itself
did not elicit any courtship or spawning behaviour at the concentration tested*’-*°. This finding
implies that PGF,, 22 undergoes some form of metabolism before any pheromonal activity is
possible. Analysis of tank water revealed high levels of PGF from ovulated and PGF,, 22
injected fish. EOG also revealed that olfactory epithelium is extremely sensitive to all the
prostaglandins tested in the study, but acutely so for PGF,,, 22 at 10" M®, This is a typical
level for a pheromone and is comparable to that of 17a,203-P 19a. EOG studies also found
that the detection limit for 15-keto-prostaglandin F,, (15-kPGF,,, 23), a metabolite of PGF,,
22 was 102 M, a factor of 100 times lower than PGF,, 22**2%_ Although PGF can be found

in washings from eggs, the exact route of release was not identified, although urine is likely
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to be involved. Urine can act as a physical mover by pushing the eggs out of the genital pore.
Studies in other fish species have shown it to be a powerful odorant in its own right®* **.

In summary, the primer pheromone for goldfish is thought to be a mixture of
approximately five progesterone metabolites, of which 17a,20B3-P 19a is the most potent at
inducing an EOG response. The releaser pheromone is thought to be a mixture of F
prostaglandins, of which the 15-keto metabolite 23 is the most potent at inducing an EOG
response.

Carp are closely related to goldfish, and as expected, similarities exist. EOG studies
have shown that carp, Cyprinus carpio, have identical response patterns to aqueous steroids
as goldfish, and recent studies have shown that milt volume is increased after exposure to
170,20B-P 19a%7%, A variety of teleosts have been tested with a variety of sex steroids, and it
has been found that different species are sensitive to different steroids®®*. Closely related
species may respond to the same steroids if, at some evolutionary stage, they shared acommon

ancestor.

1.4.2 African Catfish sex pheromones

After goldfish, the African Catfish, Clarias gariepinus must have the most widely
studied pheromone system. The main reason for this is the economic importance of this
species in aquaculture. The method of pheromone detection has again been shown to be by
olfaction®’. However, in this species, the majority of the work has been carried out on male
pheromones attracting ovulated females® and inducing ovary maturation. When seminal
vesicles were incubated with tritiated pregnenolone 24 and androstenedione 21, six
glucuronides were formed, but none were detected in identical experiments using testes®*%,
Castrated males, in which the seminal vesicle is enlarged, attracted more females than intact
males, which suggests that the seminal vesicle is the source of the pheromone. Studies
demonstrated the sensitivity of the female olfactory epithelium to these glucuronides, in
particular 5B-pregnane-3a,17a-diol-20-one 3a-glucuronide 25*. When “active” samples were
treated with B-glucuronidase, the activity was lost. Gas chromatography-mass spectrometry

studi eS70,7] 48,72

were performed, after initial sample cleanup by solid phase extraction. The free
steroids were first removed by solvent extraction then the glucuronides were deconjugated by
incubation with B glucuronidase. The steroids were then converted to either their trimethylsilyl
(TMS) or oxime-TMS derivative. The GC-MS investigation of seminal vesicle fluid identified

seven glucuronides at 10 M levels. Only four of the glucuronides were present at detectable
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levels in male holding water2. Of the four detected, only 5B-pregnane-3a,17a-diol-20-one 3a-
glucuronide 25 was above the threshold level, all the rest were below. It therefore seem likely
that a steroid glucuronide or some combination of these glucuronides acts as a pheromone for

the female African catfish.

HO

24 Pregnenolone 25 5B-Pregnane-3a,17a-diol-20-one 3a-glucuronide

1.4.3 Sex pheromones in salmonids and trout

Pheromones have been implicated in several aspects of salmon behaviour. As
previously discussed, olfaction is thought to be vital for migration and homing. Studies have
shown that skin mucus, intestinal content and urine all provoke an olfactory response’®. The
attraction of urine has already been discussed for other species, such as goldfish.

The role of urine as a carrier for sex pheromones in Atlantic salmon, Salmo salar L.,
has only recently been studied. Urine from ovulated females has a priming effect on males
similar to the goldfish model. EOG studies have shown that testosterone 26 at levels as low
as 10'° M is a potent odorant to mature males” and induces prespawning behaviour. It is
suggested that females release testosterone 26 some time prior to spawning to the correct
locale, as sensitivity is lost some two weeks before spawning actually commences.

The oocyte maturation steroid, 17a,20B-P 19a, is again implicated in pheromone
activity. Ovulated female urine contains conjugated 17a,20B-P sulfate 19b™, and negligible
amounts of free testosterone 26”° which is known to be a potent odorant for male salmon.
However, mature males do not give an EOG response to 17a,20B-P sulfate 19b unless the
olfactory epithelium has previously been exposed to ovulated female urine. This is a very
important finding as it suggests that there is some other, as yet unidentified, factor in the urine
which is needed to render the epithelium capable of 17a,20B-P sulfate 19b detection. Other
potent odorants were found to be PGF,, 27 and PGF,,, 22 and the response was not dependent
on pre-exposure. It is worth noting that although a compound may be a potent odorant, this

alone does not render it a pheromone.
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The first report of a chemical cue for spawning readiness in rainbow trout (Salmo
gairdneri, Oncorhynchus mykiss) was published in 19737, The study demonstrated that fish
of both sexes were attracted to water that had held spawning conspecifics. Further studies
refined the hypothesis and showed that mature males were attracted to water containing

77,78

ovarian fluid, obtained when females were hand-stripped of their eggs'””. The eggs
themselves did not contain a source of attraction. Thin layer chromatography of ether soluble
basic substances obtained from egg washings produced three spots. Although the spots were
ineffective when tested singularly, a positive attractive result was obtained when two of the
three were combined. No further attempt at characterisation was made at this stage. Again, the
role of olfaction in pheromone detection was clearly demonstrated””’s"®,

Studies on the endocrine changes and sex steroid levels in plasma associated with
spawning showed an increase in C,, steroids for both males and females”. This pattern of
steroid production was also seen in the goldfish. The steroid 17a,20B-P 19a (oocyte maturation
steroid) was detected in both sexes®®”. It was suggested that 17a,20B-P 19a occurs in
sperminated males because the conversion to C,, steroids by desmolase is inhibited. The role
of 17a,20B-P 19a in males was suggested to be controlling the potassium ion concentration
and hence sperm motility. Examples of C,, steroids controlling both potassium and sodium
ion transport across membranes have previously been reported.

The seasonal variation of the sex steroid levels has major implications for work on
spawning pheromones in any species, as the pheromone will only be active and induce a
behavioural response if it is the spawning season®>*'*2, Some social effects on plasma steroid
levels were also reported®”. Ovulated females exposed to courtship behaviour retained
elevated levels of 17a,20B-P 19a compared to those in isolation. In comparison, males exposed
to courting ovulated females had elevated levels of GtH, 11-keto-testosterone (11-KT, 28),
170,20B-P 19a and increased milt volumes**’. Anosmic males placed with ovulated females

spawned, but plasma steroid levels and milt decreased in contrast to the maintained levels in
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the control group. This was taken as evidence of a primer pheromone.

Studies on the composition of female trout urine identified the presence of 17a,20B-P
sulphate 19b®**, which was thought to be a good pheromone candidate for two major reasons.
Firstly, the route of excretion is in urine; conjugated steroids tend to be removed via urine
whereas free steroids tend to excreted via the gills*’. Secondly, 17a,20B-P sulphate 19b is a
potent odorant in both Atlantic salmon and (possibly a primer for) goldfish. Males exposed
to synthetic 17a,20B-P sulphate 19b at 10® - 10° M had elevated GtH and 17a,20B-P 19a
plasma levels, but milt volumes were unaffected. Males exposed to female urine had the
highest plasma levels of all. It was also found that males had no preference for water
containing 17a,20B-P sulphate 19b. In addition, unovulated female urine which contains very
low levels of 17a,20B-P sulphate 19b also has a priming effect on males. The results of these
studies make is seem unlikely that 17a,20B3-P sulphate 19b is the primer pheromone for
rainbow trout.

As prostaglandins are a putative goldfish releaser pheromone (cf. 22. 23), four mixtures
of commercially available standards were tested. The mixtures comprised of A,, A,, B,; B,,
D,, E;; E,, B;; B,, D;; and A, A,, E,, E,, F,,, F,,- None of these mixtures gave any rise in
plasma 17a,20p3-P 19a levels.

It has also been noted that some males have a larger (and therefore better) endocrine

t88

response. Some studies have screened for this effect™, which raises questions as to whether

this may have influenced the final results. Moreover, there is a wide variation in results
obtained for many of these studies, which has been attributed to seasonal factors. To date the
exact identity of both the primer and releaser pheromone in trout spawning behaviour remains

unknown.

1.4.4 Other fish pheromones

Pheromones have been implicated in the spawning behaviour of a number of other fish

89,42

species. These include sea lamprey**’, yellowfin Baikal sculpin®, blue gourami®', rose

97.98 b99,100

bitterling®**, loach®**, paradise fish®*, bleeker®®, herring®”*%, plaice*’, zebrafish®® and da

155.54,23

The current status of chemical communication in genera , and pheromones in

1846.9.43.44.27.51.50.49.64.53 have been extensively reviewed, although few identifications

particular
have been made.
By understanding the role and identity of these pheromones, the possibility for

management of fish populations moves a step closer. This management could either be for
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commercially important species, such as African Catfish, trout and salmon, or as a means of

“pest control” for species such as lamprey.

1.5 Methods of analysis

Methods and techniques in pheromone research can be split into two broad classes.
One is based on observation or measurement of some specific animal response. When the
behaviour is used to determine if a sample contains any active component, it is termed a
bioassay. The other side of pheromone research tends to analytical methods for identification.
Both classes are equally important as the bioassay gives information about the activity of the
target compound and the analytical techniques give some characterisation. There is no clear
division, however, and increasingly bioassay relies on analytical techniques and vice versa. For
example, an increase in plasma steroid levels is a behaviour response (bioassay) but the
steroids need to be quantified (analytical).

A behavioural response tends to be most easily identified with a releaser pheromone.
For example, with the Y choice maze, a positive result is given when the fish spends
significantly more time in the arm containing the test sample, or after exposure, the volume
of expressible milt increases. Although EOG uses electrodes to record the response of the
olfactory epithelium, again a behavioural response is being monitored. Another example of
an overlap between the two classes is that of the radioimmunoassay (RIA). This technique can
be used to quantify sex steroids in a variety of matrices. This is achieved by raising antibodies
to target compounds and using a radio label (either on the target compound or to bind to any
free antibodies). The uptake can then be measured. This technique is very specific, although
some cross binding can occur with closely related compounds. The main drawback to this
technique is that some idea of the likely candidates is required to raise the specific antibodies.

Chemical identification of a unknown pheromone, typically requires separation of a
mixture followed by identification using spectroscopic techniques. This typically requires
concentration and preliminary “cleanup” using techniques such as conventional solvent or
solid phase extraction (SPE)’. Final separation is usually by GC-MS!?!-7071.72 P (%493.102.98
and occasionally by TLC**®'. Mass spectrometry is the pre-eminent technique for the
identification of pheromones, because it can easily be linked directly to GC and with a little
more difficulty to LC. This enables routine compounds to be identified directly from library
comparisons, particularly for EI(+)-MS.
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Chapter 2, Fish Experimental Section

2.1 Instrumentation
2.1.1 Gas chromatography-mass spectrometry

The gas chromatograph-mass spectrometer system used for this study was an HP-5890
gas chromatograph (GC) interfaced to a VG Trio-1 mass spectrometer (MS). The GC used
scrubbed helium as the carrier gas at a column head pressure of 8 psi, to give a column flow
rate of 4 ml/min. The septum purge was 0.6 ml/min and injections were performed in the
splitless mode, with the split vent for septum purge closed for 1 minute. The capillary column
was connected to the inlet without a guard column, and interfaced to the mass spectrometer
through a heated interface, set at 10° C above the final temperature of the oven programme.

The MS was used in the electron impact (EI+) mode, at 10* atmospheres source
pressure. In this mode, electrons are emitted from a filament at 70 eV and collide with analyte
molecules in the ionisation chamber, heated to 210° C. An electron trap (cathode) set at 250
HA, situated opposite the filament, controlled the filament energy to 70 eV. The resultant ions
are ejected through the exit plate by a repeller plate set at 2.0 - -6.0 V into the quadrupole. The
ions were separated according to their mass/charge ratio (m/z) by the quadrupole. The Trio-1
has an 18 cm quadrupole mass filter with pre and post filters. The full possible scan range is
from 2 - 1023 atomic mass units (amu) and mass selection was achieved by diagonally
matched poles which vary current or radio frequency. The mass range scanned was 33 - 700
amu in 0.9 seconds with an interscan time of 0.1 seconds. A solvent delay of 3 min was used
to preserve the filament. During the solvent delay, the filament current was reduced and no
data was collected so that the large solvent peak did not blow the filament. The ions were
detected by a impact onto a phosphor screen, enhanced by a photomultiplier and a conversion
dynode. The vacuum within the source and analyser was maintained by a 240 L/s and a 60 L/s
Balzer turbomolecular pump respectively. The backing pump was an Edwards 2 stage rotary
pump. The MS was tuned with heptacosa FC43, using peaks at m/z 69, 219, 264 and 502 with
relative intensities of 100%, 31%, 7% and 1%.

The system control and data acquisition was performed by a computer running Lab
Base Il software. “70 eV”-spectra are the standard for mass spectral libraries. The Lab Base
software contains the NBS library of 54,000 entries which is matched by the computer to the
analyte spectra. In the initial screen analyte and library spectra are matched using the eight

most abundant peaks. Candidate library spectra are then ranked by a forward or reverse fit
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process. A reverse fit matches the ions in the library to the unknown spectrum, whereas a
forward fit matches the ions in the unknown to the library. The degree of “goodness of fit” or
matching is scored out of 1000, with a reasonable match scoring >800. Reverse fit is best used
when analytes are likely to be impure and this mode was used throughout the current work.
The injection volume was 1 pl and this volume was used for all work unless otherwise
stated. Gas Chromatograph-Mass Spectrometer (GC-MS) operating conditions were as
follows: 40°C held for 3 minutes then ramp of 25 °C per minute to 260°C held for 15 minutes.
The column was a DB-17 phase, 30 m, 0.25 pm film column and the injector was run in the
splitless mode at 220°C. The source was held at 210 °C.
This is summarised in the following form throughout this thesis:
40(3) x 25 to 260(15) inj220 spltls 1 min

The source temperature remained constant throughout this work unless otherwise stated

2.1.2 High performance liquid chromatography

The high performance liquid chromatograph (HPLC) system used for this work was
a Dionex 300 system, comprising of a AS3500 autosampler, advanced gradient low pressure
mixing (AGP) tertiary pump and variable wavelength UV (VDM-II) detector. The system was
fitted with a Vydac C18 5um 25 x 4.6 mm guard cartridge and 150 x 4.6 mm analytical
column. The sample was drawn into the 250 pl sample loop by syringe through a Rheodyne
valve and injected onto the column. The injection volume was 100 ul, the mobile phase was
methanol/water (70 %, v/v) and the UV detector was set at 254 nm unless stated otherwise.
The system control and data acquisition was performed by a computer running Dionex A1 450

software.

2.1.3 Standard methods

Flow evaporation (50 °C) indicates that the samples were evaporated to incipient dryness
under a gentle stream of nitrogen at 50 °C. Flow evaporation shown without a temperature was
run at ambient temperatures.

All water was deionised from a Millipore Milli-Q deioniser fitted with ICP-MS grade

exchange pack.

2.2 Analysis of standards
Identification by MS

Some materials such as siloxanes and phytane 33b were identified in many samples. These
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were identified by retention time and characteristic ions [m/z (abundance)].
Cholesterol 32a: 386 (100), 368 (35), 301 (30),145 (34),105 (38),
Bis(2-ethylhexyl) phthalate 34: 279 (7), 167(29), 149(100), 104 (5)

Phytane 33b: 57 (100), 71 (73), 85 (43), 99 (16).

Siloxanes: 73 (40), 147(25), 207 (100)

Testosterone 26: 288 (79), 246 (50), 203 (24), 147 (35), 124 (100), 105 (23)

2.2.1 GC-MS retention time standards

A series of fatty acids and alkane standards were analysed by GC-MS (30(3) x 5 to
260(35) inj 275) to determine standard retention times and Kovats Indices (Table 2.1). These
conditions are identical to those used for the analysis of trout urine (Sections 2.8.2) and are

linear in the range 3-49 min.

Table 2.1: Retention time standards and Kovats’s Indices

Peak Retention time Predicted Calculated Difference

identity min, Kovats Index Kovats Index
Fatty acid std, TIC =23061304, sample identity = sue335
Dodecanoic acid 24.42 n/a 1616 n/a
Tetradecanoic acid 28.37 n/a 1792 n/a
Hexadecanoic acid 31.64 n/a 1948 n/a
Octadecanoic acid 34.92 n/a 2117 n/a
Cholesterol 32a 51.00 n/a Not calculated n/a
C9 - C30,C10, C16, C18 - C30, squalene 35 standard, TICs = 50098392, 57506528, 51454992, sample
Nonane 432 900 909 +9
Decane 7.20 1000 995 -5
Undecane 10.37 1100 1094 -6
Dodecane 13.43 1200 1195 -5
Tridecane 16.32 1300 1297 -3
Tetradecane 19.15 1400 1402 +2
Pentadecane 21.65 1500 1501 +1
Hexadecane 24.02 1600 1599 -1
Heptadecane 26.40 1700 1702 +2
Octadecane 28.65 1800 1805 +5
Nonadecane 30.69 1900 1902 +2
Eicosane 32.72 2000 2002 +2
Heneicosane 34.55 2100 2097 -3
Docosane 36.47 2200 2200 0
Tricosane 38.30 2300 2302 +2
Tetracosane 39.92 2400 2396 -4
Pentacosane 41.52 2500 2491 -9
Hexacosane 43.15 2600 2592 -8
Octacosane 46.10 2800 2782 -18
Tricosane 49.44 3000 3011 +11

Squalene 35 49.14 n/a Not calculated n/a
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12 Dodecanoic acid Lauric 1620 11.8
13* Tridecanoic acid Tridecylic 1703 12.4
14* Tetradecanoic acid Myristic 1792 13.2
15* Pentadecanoic acid Pentadecylic 1872 14.0

16 Hexadecanoic acid Palmitic 1949 14.8
17* Heptadecanoic acid Margaric 2026 15.5
18:1 9- Octadecenoic acid 38a Oleict 2118 16.2
18:2 9,12-Octadecadienoic acid* Linoleict n/c n/c
18:3 9,12,15-Octadecatrienoic acid* 39 Linolenict n/c n/c

18 Octadecanoic acid Stearic 2118 16.2
19* Nonadecanoic acid* Nonadecylic 2275 17.0
20* Eicosanoic acid* Arachidic 2435 17.8

20:4* Eicosatetraenoic acid* 41 Arachidonict n/c n/c
21* Heneicosanoic acid* Heneicosanoic n/c 18.6
22* Docosanoic acid* Behenic n/c 19.0
23* Tricosanoic acid* Tricosanoic n/c 19.7
24* Tetracosanoic acid* Lignoceric n/c 204

27 Cholesterol 32a Cholesterol 32a n/c 27.9
n/a 3-Pyridine carboxamide Nicotinamide 36 1752 12.83

* not run, standard not available, T unsaturated, n/c = not calculated, n/a = not applicable
The retention times of the missing acids were calculated by second order regression analysis

of retention time versus carbon number for the other saturated fatty acids in the above table
(Fig 2.2). The Kovats Indices for the fatty acids were then calculated from the appropriate plot
(Fig 2.3).

Fig 2.2: Carbon number versus retention time for fatty acid series
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Fig 2.4: Testosterone calibration curve
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2.3 Solid phase extraction of testosterone 26
2.3.1 Extraction procedure 1, based on Schoonen and Lambert”

Solid phase cartridges (Sep Pac C18 and C18 Environ Clean) were attached to the top
of a vacuum manifold. The cartridges were washed with methanol (2 x 2 ml) and water (2 x
2 ml) which was aspirated to waste. The flow controllers were closed as soon as the water was
seen to reach the top of the bed to prevent the cartridges “running dry”. The testosterone 26
samples were prepared in duplicate by spiking testosterone 26 solution (200 pl, 1mg/100 ml
in methanol) into water (250 ml, 8 ng/ml), and were applied using Teflon lines and a cartridge
adapter. The cartridges were washed with water (10 ml) and eluted with ethanol (4 x 2 ml)
and ethanol/water (50 % v/v, 3 x 2 ml). The samples were flow evaporated (70 °C) ,
reconstituted in methanol/ water solution (70% v/v, 100 ul) by vortex mixing (20 sec) and
injected onto the HPLC using methanol/ water mobile phase. The testosterone 26 peak (Table

2.4) eluted at 8.3 min.

Table 2.4: Peak areas from standards and extracts

Sample identity Injection Peak area 1 Peak area 2 Mean peak % Mean
volume (pl) area deviation
1 mg/100 ml 50 35225 34958 35092 0.8
Sep Pac S1,S2 100 18698 24949 21824 28.6
Supelco S3, S4 100 92511 120769 106640 26.5

The recovery was calculated by comparison with the standard mean peak area and correction
for the differing on-column concentration, as detailed in the following equations:

50 ul of 1 mg/100 ml solution contains 0.5 pg
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250 ml water sample contains 2 pg

if 0.5 pg gives peak area of 35092,

then 2 pg should give 2 x 35092 = 140368
0.5

% recovery = mean peak area x 100

140368

The mean recoveries for the Sep Pac and Supelco cartridges were 15.5 % and 76.0 %

respectively.

2.3.2 Extraction procedure 2'®

Solid phase cartridges were attached to the vacuum manifold as previously described.
The cartridges were washed with methanol (2 x 6 ml) which was aspirated to waste. The
cartridges were then washed with water (2 x 6 ml) and not allowed to run dry as previously
described. The testosterone 26 samples, prepared as previously described (250 ml, 8 ng/ml)
were applied using the Teflon lines. The cartridges were washed with methanol/ water (2/3 v/v,
2 x 3 ml), eluted with methanol/ water (6/4 v/v, 3 x 2 ml) and methanol/ water (4/1 v/v, 2 x 2
ml). The samples were flow evaporated (70° C), reconstituted in methanol (70% v/v, 100 pl)
and analysed using the HPLC conditions previously described (Table 2.5).

Table 2.5: Peak areas from HPLC

Sample identity Injection Peak area 1 Peak area 2 Mean peak area % Mean
volume (ul) deviation
1 mg/100 ml 25 36914 35478 36196 4.0
Sep Pac B1,B2 100 22481 22921 22701 1.9
Supelco B3,B4 100 111227 110952 111090 0.2

The recoveries were calculated as described above. The mean recoveries for the Sep Pac and

Supelco cartridges were 15.5 % and 76.0 % respectively.

2.4 Steroid standards
2.4.1 Kovats Indices determination

A series of fatty acids and steroids (tetradecanoic acid, hexadecanoic acid,
octadecanoic acid, squalene 35, testosterone 26, 5p-androstan-3,17-dione 29, 17a-
hydroxyprogesterone 30a, 4-pregnen-17a, 20a-diol-3-one 31 and cholesterol 32a) were
dissolved in dichloromethane and analysed by GC-MS (30(4) x 5 to 300(20) inj 310) to
determine retention times and Kovats Indices (Table 2.6a). These conditions are similar to

those used for the analysis of dichloromethane extracted trout urine (section 2.8.7)
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Table 2.6a: Retention time standards and Kovat’s Indices for steroids

Peak identity Retention time, min Kovats Index

Fatty acid standard
Tetradecanoic acid 31.81 1792
Hexadecanoic acid 34.63 1948
Octadecanoic acid 38.19 2117
Squalene 35 48.19 2670
Steroid standard
Testosterone 26, 50.92 2826
5B-Androstan-3,17-dione 29 48.56 2690

17a-Hydroxyprogesterone 30a 55.24 n/c
4-Pregnen-17a, 20a-diol-3-one 31 57.17 n/c
Cholesterol 32a 53.56 2981

n/c = not calculated
The fatty acids and squalene were used to construct a Kovats Indices plot (Fig not shown) with

a second order fit (y = 0.2152x? + 36.082x + 430.88, R? = 0.9997). This equation was used to

calculate the Indices for the steroids, except those which were not on the linear part of the

temperature program.

2.4.2 Derivatisation of steroid standards

A series of steroids (testosterone 26, S5B-androstan-3,17-dione 29, 17a-
hydroxyprogesterone 30a, 4-pregnen-17a, 20a-diol-3-one 31 and Reichstein’s Substance 30b,
approx 2 mg) were taken and individually dissolved in a minimum volume of
dichloromethane. Vials containing various proportions of the standards were taken and flow
evaporated. Hydroxylammonium chloride (2% w/v) in pyridine (10 ml) was prepared and an
aliquot (200 pl) added to each vial. The vials were capped and placed on a hotplate (100°C,
1 hour). The vials were removed and after cooling, decapped and placed on a vacuum line to
remove the pyridine. N, O bis(trimethylsilyl)acetamide (900 pl) and trimethylsilyl chloride (100
ul) was freshly prepared and added (100 pl) to the vials. The vials were again placed on the
hotplate (70°C, 1 hour). A colour change from colourless to black was noted. The samples
were removed and excess reagent removed on the vacuum line. The black residue was
dissolved in hexane (2 ml) and extracted with acetonitrile (2 x 200 pl), the acetonitrile was
discarded. The samples were evaporated to dryness under a gentle stream of nitrogen at room
temperature. The acetonitrile cleanup step was repeated once more. The samples were finally
reconstituted in hexane (250 pl) and analysed by GC-MS (100(3.5)x15t0190(1)x2t0280(15),
inj 260)( Table 2.6b).
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Table 2.6b: Derivatised steroid standards, retention times, TICs and significant ions

Ret. TIC Rev.  For. Significant ions Identity
time fit fit m/z
min

Testosterone 26 & 5B-androstan-3,17-dione 29, sample identity = sue244
31.58 4161536  nfi n/i  447,417,358,268,211,183  Unidentified contaminant, TMS ester
32,59 4079616  n/i n/i  447,432,358,252,211,183  Testosterone, TMS ester
3427 4096000 n/i n/i 462.,447,432,373,342,283  5B-Androstane-3,17-dione, TMS ester
Reichstein’s substance 30b, 17a-hydroxyprogesterone 30a, 4-pregnen-17a, 20a-diol-3-one 31, sample

identity = sue245

38.62 4161536 n/i n/i 472,460,373,358,307,279  Unidentifed contaminant, TMS ester
4224 4177920 n/i n/i 576,487,432,355,331,246  Reichstein’s Substance, TMS ester
4450 4177920 878 93 664,575,486,433,396,330  4-Pregnene-170,20-diol-3-one, TMS

ester
51.95 3047424 n/i n/i 592,503,395,375,357,283  17a-Hydroxy-progesterone, TMS

ester

n/i = no library fit available

2.4.3 Solid phase extraction of steroid mixes

A stock solution of testosterone 26, 17a-hydroxyprogesterone 30a, Reichstein’s
Substance 30b and cholesterol 32a (100 mg respectively) in methanol (100 ml) was prepared.
Working samples were prepared by diluting the stock solution (250 pl) into water (250 ml).
The samples were extracted through 2 brands of SPE cartridges (Sep Pac C18 and Bakerbond
C18). The cartridges were washed with methanol (2 x 5 ml) and water (2 x S ml). The sample
was applied using vacuum and a Teflon line. After the samples had been aspirated, the
cartridges were air dried (15 min.) The steroids were eluted with methanol (3 x 5 ml). The
samples were concentrated to a low volume, transferred to %2 dram vials, flow evaporated

(40°C), derivatised as previously described and analysed (Table 2.7).

Table 2.7: Derivatised steroid standards, retention times, TICs and significant ions

Ret. TIC Rev For Significant ions Identity
time fit fit m/z
min

Steroid mix, sample identity = sue247

30.00 12288 n/i n/i 447,432,357,211,183,129  Testosterone, TMS ester

33.64 12928 n/i n/i 373,358,282,236,211,129  Unidentified TMS ester

41.74 602112 863 561 459,369,330,247.213,129  Cholesterol TMS ester
Baker SPE, sample identity = sue248

6.22 405504 905 692 243,174,154,147,130,73  4-bis(Trimethylsilyl)

amino-butanoic acid, TMS ester

30.49 11328 n/i n/i 448,432,374,342,268,211  Testosterone TMS ester

33.65 8448 n/i n/i 105,91,75,73,55 Unidentified TMS ester
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Sep Pac SPE, sample identity = sue249

11.73 700416 740 578 385,173,148,133,119.73 9.12,15-Octatrienoic acid, TMS
ester

30.24 9472 n/i n/i 433,358,343,316,248,73 Testosterone TMS ester
n/i = no library fit available
Recoveries of testosterone 26 were calculated based on the TIC of the steroid mix and were

92 % and 77 % for the Baker and Sep Pac cartridges respectively. The other steroids in the

mixture were not detected.

2.5 Fishery samples
2.5.1 Extraction of spiked fishery samples

Extraction procedure 2 was used for subsequent work with one minor modification.
The solvent used in the elution step was allowed to soak into the cartridges (3 min) before
being aspirated through the cartridges. Samples (1 .0 L) were obtained from the hatcheries run
by Bristol Water Plc. The samples used were from the following sites: Horseshoe Pond.
Blagdon Lake, Mill Leat, River Yeo Gauging Weir, Langford Spring, Eel Grid and Rickford
Spring. A water sample (1.0 L) was spiked with testosterone 26 standard (500 ul, 100 pg/ml
in methanol). The extraction was as previously described. The samples were evaporated to
incipient dryness (Turbovap, 50°C). The samples were reconstituted in dried methanol (100
pl) and analysed by GC-MS (40(3) x 20 to 260(45)).

The samples gave the following results; non-extracted testosterone 26 std (10 mg/100
ml), one peak: 21.2 minutes (TIC 76800, testosterone 26) The 50 ug testosterone 26 std
showed two peaks: 16.4 (TIC 675840, rev. fit 949, bis(2-ethylhexyl) phthalate 34) and 21.2
minutes (TIC 186368, testosterone 26). The recovery was calculated using the following
equations:

non-extracted standard contained 0.1 pg/ul, extracted standard contained 0.5 pg/ul

- expected response = 0.5 x 76800

0.1
= 384000
recovery = 186368 x 100
384000
=48.5%

All the fishery samples gave two peaks at 10.8 min (phytane 33b) and 16.4 min (bis(2-
ethylhexyl) phthalate 34). No other peaks were detected.
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2.5.2 Extraction of fish holding tanks at Blagdon site
Fish holding tanks at Blagdon site were hand dipped and the samples (1.0 L) were
stored in brown glass bottles with refirgeration until extracted the following day. The samples

extracted were as follows:

Sample identity Site description

Samples 1 & 2 Tank | holding approximately 30 000 x 325 g rainbow trout.

Samples 3 & 4 Tank 2 contained water flowing through from tank 1 and holding approximately 10
500 x 1 kg rainbow trout

Samples 5, 6, 7 Outlet from the 4 stew ponds connected to the outlet of tank 2, holding
approximately 2500 x 5 kg rainbow trout.

In summary, the water flowed in through tank 1, on through tank 2 and finally out through the

stew ponds.

Tt -T2 3»{S1 B S2 3 S3 IS4 {—POutlet

Fig 2.5 Fish farm sampling schematic

Extractions were performed by either solid phase extraction as previously described
(Section 2.3.2), or by liquid/liquid extraction. For the liquid/liquid extraction, dichloromethane
(30 ml) was added to the bottle and shaken (5 min) and the contents transferred to a separating
funnel. The sample bottle was rinsed with dichloromethane (10 ml), which was added to the
separating funnel. The funnel was shaken (5 min), the contents were allowed to settle and the
lower organic layer run off into a flask. The aqueous phase was extracted with
dichloromethane (2 x 20 ml). The aqueous layer was discarded and the separating funnel
rinsed with dichloromethane (20 ml). The combined dichloromethane extracts were dried over
anhydrous sodium sulphate, filtered and flow evaporated (40°C) and reconstituted with dried
methanol (100 pl). Samples were analysed by GC-MS (40(3) x 15 to 260(10).

Samples 1, 3, 5 and 7 were extracted using the solid phase method. A water sample
and sample 7 were spiked with testosterone 26 std (250 pl, 0.1 mg/ml) prior to extraction.
Samples 2, 4, 6 were extracted using the liquid/liquid technique. Blanks were also extracted
using the same conditions.

The non-extracted standard contained 8 peaks: 10.7,11.9, 12.9, 13.8, 14.5, 15.4, 16.1
min (7 x siloxanes from the column lining), 24.2 min (TIC 12224, testosterone 26).

The SPE water standard gave 2 peaks: 19.5 min (bis(2-ethylhexyl) phthalate 34) and
24.3 min (TIC 52736, testosterone 26). The recovery was 86.3% (calculated as previously
described). The water blank gave 4 peaks:12.7,14.4, 16.1 (3 x siloxanes) and 19.5 min (bis(2-
ethylhexyl)phthalate 34). The TIC for the testosterone 26 peak in sample 7 was 34048 and the
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recovery was 55.7%.

The SPE fishery samples were compared against the water blank, and corresponding
peaks excluded. Sample 1, one peak: 10.7 min (phytane 33b). Samples 3. 5 and 7 contained
this peak, and a further peak at 28.4 min (cholesterol 32a). No other peaks were detected.

The water blank, liquid/liquid extract contained a peak at 19.5 min (bis(2-ethylhexyl)

phthalate 34) as seen previously. No other peaks were detected.

2.6 Extraction of rainbow trout tissue

A farmed rainbow trout (age and sex unknown) was purchased from a local
fishmonger. The parts of the fish subject to extraction were the mucus scraped from the skin
(samples 1 & 2), the contents emitted from the abdomen after application of gentle pressure
(sample 3), part of the abdominal organs (samples 4 & 9), skin (samples 5 & 6), water blanks
(samples 7 & 8) and testosterone 26 spiked standards (samples 10 & 11). The samples were
split into two sets (set 1 consisted of samples 1, 3, 5, 7,9, 11 and set 2 consisted of 2, 4, 6, 8,

10).

2.6.1 Extraction of set 1

Set 1 were extracted by grinding the tissue sample with saturated ammonium sulphate
(1 ml, pH 1 with HCI). The sample was extracted with diethyl ether/ethanol (2 x 4 ml, 80/20
v/v) solution in an ultrasonic bath (2 min). The organic layers were combined, dried over
anhydrous sodium sulphate, decanted into clean test tubes and the sodium sulphate washed
with a further aliquot of the diethyl ether/ethanol solution (4 ml). The extracts were flow
evaporated and reconstituted by addition of dichloromethane (500 pl). The samples were
analysed by GC-MS (40(3)x15 to 260(45)).

The extracted water blank produced peaks at 7.22, 7.57 (2 x reagent extractables),
12.87,13.77,14.60, 15.38, 16.00, 16.77 (6 x siloxanes) min. Testosterone 26 recovery check:
unextracted, TIC 468473; extracted, TIC 358861; recovery 76.6 %. Table 2.8 shows the peaks
identified with calculated Kovats Indices in the linear range of the temperature program (3-18

min).
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Table 2.8: Ammonium sulphate, diethyl ether/ ethanol trout extracts, retention times,

TICs and significant ions

Ret. Peak Rev. Significant ions Kovats Identity

time, TIC fit m/z Index

min
Sample 1, skin mucus, TIC =4867048, sample identity = sue(73

11.50 102400 946 148,104,76,61,50,38 1580  Phthalic anhydride

1548 146432 939 139,125,111,97,83,69 2017  Hexadecene
20.80 115712 n/i 368,247,213,145,105,81 n/c Cholesterol, ester 1 32b
22.24 36096 n/i 368,314,255,145,105,81 n/c Cholesterol, ester 2 32b
22.87 220160 n/i 368,247,213,147,105,81 n/c Cholesterol, ester 3 32b
28.70 29952 889 386,353,301,275,213,107 n/c Cholesterolt 32a
Sample 3, stomach contents, TIC = 62759700, sample identity = sue(74

13.58 1884160 956 228,185,143,129,97,73 1816 Tetradecanoic acidt

15.18 2457600 860 256,213,185,157,129,73 1989  Hexadecanoic acidt

16.40 2490368 805 284,241,185,129,97,73 2148  Octadecanoic acidt

17.90 2211840  nfi 166,133,119,105,91,79 2454  C,, Aliphatic hydrocarbon
18.97 749568 n/i 185,131,119,105,91,79 n/c >C,, Aliphatic hydrocarbon
19.42 1818624 851 173,131,119,105,91,79 n/c >C,, Aliphatic hydrocarbon
22.87 33280 918 368,326,283,247,213,147 n/c Cholesterol, ester 3 32b
24.27 32256 n/i 366,281,253,213,171,145 n/c Dehydrocholesterol derivative
29.17 175104 866 386,353,301,275,255,213 n/c Cholesterolt 32a

31.62 108544 840 369,300,271,213,159,105 n/c Desmosterol

Sample 5, trout skin, TIC = 21609182, sample identity = sue075

9.25 327680 n/i 102,89,74,56,45 993 Benzoyl containing compound
10.28 417792 n/i 268,113,99,85,71,57 1314 Pristane 33a

11.85 3178496 ni 282,183,113,99,85,71,57 1624  Phytane 33b

13.63 177152 899 278,179,123,109,95,81 1836  Dodecanol

14.90 303104 916 256,227,213,129,97,73 1959  Hexadecanoic acidt

15.52 152576 825 242,227,133,108,91,79 2028  6,9,12-Octatrienoic acid

methy] ester

16.28 89088 n/i 284,264,213,129,103,73 2130 Octadecanoic acidt

20.02 26368 886 188,147,119,105,91,79 n/c 8,11,14-Eicosatrienoic acid 40
20.87 104448 n/i 136,121,95,81,69 n/c Squalene 35

22.85 2592 n/i 368,255,213,161,147,105 n/c Cholesterol ester 3 32b
28.84 93184 895 386,301,275,213,159,145 n/c Cholesterolt 32a

n/i = no library fit available, #related compoundst confirmed by comparison to authentic standard n/c =
not calculated

2.6.2 Extraction of set 2

The tissue was ground with a pestle and mortar in water (2 ml) and extracted by
sonication (2 min) in dichloromethane (4 ml). Samples 2 and 4 formed an emulsion which was
broken by centrifugation (2000 rpm, 5 min). The organic layer was set aside and the residue
re-extracted by sonication (2 min) in dichloromethane (4 ml). The organic layers were
combined and dried over anhydrous sodium sulphate sparged with dichloromethane (4 ml).

The samples were flow evaporated and reconstituted with dichloromethane (250 pl). GC
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program 40(3)x15 to 260(45)
The extracted water blank produced peaks at 6.05 and 8.43 minutes (reagent

extractable material). The following peaks were detected (Table 2.9):

Table 2.9: Dichloromethane trout extracts, retention times, TICs and significant ions

Ret. Peak Rev. Significant ions Kovats Identity
time, TIC fit m/z Indices
min

Unextracted testosterone 26 std, TIC = 462993, sample identity = sue077
13.02 33024 875 242.211,199,143,87,74 1777 Methy! tetradecanoate

14.43 77824 n/i 270,227,199,143,87,74 1913 Methyl hexadecanoate

15.77 20224 913 264,152,111,97,83,74 2062 Methyl octadecenoate

24.2 1584 611 288,246,228,203,124 .91 n/c Testosterone 26 *
Sample 2, skin mucus, TIC = 47875, sample identity = sue080

10.93 4132 709 180,151,124,91,77,38 1460 1-Methyl-4-(1-methylpropyl)thio

benzene

12.83 7808 825 122,106,78,51,44 1749 Nicotinamidet 36

28.75 2800 n/i 91,67,55,44 n/c Cholesterolt 32a
Sample 4, internal organs TIC = 4673406, sample identity = sue082

8.42 38912 929 154,125,111,97,83,69 655 2-Propyl 2-heptanal

11.83 720896 966 268,183,127,113,99,85 1621 Phytane 33b

13.50 81920 919 228,185,143,129,97,73 1826 Tetradecanoic acidt

1498 376832 917 256,213,185,129,97,73 1968 Hexadecanoic acidt

16.25 176128 917 264,213,185,97,83,69 2128 cis-9-Octadecenoic acidt 38a
289 79872 878  386,301,275,213,145,105 n/c Cholesterolt 32a

Sample 6, skin extract, TIC = 6061761*, sample identity = sue083

6.08 74752 930 86,71,58,43 n/c 3-Penten-2-ol

8.43 52224 930 154,125,107,97,83,69 659 2-Propyl-2-heptenal
10.33 77824 924 113,99,85,71,57,43 1314 Pristane 33a

11.87 1179648 960 268,183,127,113,99,85 1627 Phytane 33b

12.27 25088 903 126,111,97,83,69,56 1685 3-Octadecene

13.63 15232 n/i 278,167,123,109,95,81 1832 Dodecanol
22.35 52992 n/i 386,353,301,275,213,105 n/c Cholesterol ester 2 32b
28.89 36096 879 386,368,301,275,213,105 n/c Cholesterolt 32a

n/i = no library fit available, n/c = not calculated, *not reconstituted in dichloromethane, liquid samplet
confirmed by comparison to authentic standard

2.6.3 Re-analysis of some of the skin scrape and extracted skin samples

These samples had been stored frozen and were re-analysed to confirm the earlier
findings (Table 2.10). A fatty acid standard comprising C-C,; with cholesterol 32a and a
nicotinamide 36 standard were also run to confirm retention times and spectra (Table 2.2). GC

program 40(3)x15 to 260(13).
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Table 2.10: Reanalysis of some trout extracts, retention times, TICs and significant ions

Ret. TIC Rev Significant ions Kovats Identity
time, fit m/z Index

min
Sample 6, skin extract, TIC = 21528028, sample identity = suel02

5.88 87040 n/i 86,71,58,53,43 n/c 2-Penten-2-ol

8.25 77824 961 154,125,111,107,83,69 n/c 2-Propyl-2-heptenal
10.15 244736 968 127,113,99,85,71,57 1266  Pristane 33a

11.68 3276800 956 183,155,127,113,85,71 1405  Phytane 33b
12.08 139264 940 173,140,126,111,97,83 1660  3-Octadecene

1345 262144 889 278,137,123,109,95,81 1815  Dodecanol

15.33 323584 n/i 242,227,119,108,91,79 2005 Unsaturated C, fatty acid methyl
ester

20.48 238592 865 410,149,136,121,95,81 n/c Squalene 35
27.92 90112 846  386,301,275.213,145,105 n/c Cholesterolt 32a

Sample §, skin extract, TIC = 43418220, sample identity = sue104

3.53 1835008 757 119,103,91,75,56,44 n/c 2,2-Dimethoxy-N-methyl-ethanamine
8.23 88064 939 166,154,125,109,83,69 565 2-Propyl-2-heptenal
9.08 491520 n/i 145,102,89,74,56,45 930 Mixed component peak

10.03 606208 714 145,127,117,89,71,43 1242 Diethyl malate
11.67 4161536 943 183,127,113,99,85,71 1596 Phytane 33b

1207 215040 n/i 140,126,111,97,83,69 1656  3-Octadecene

13.30 3293184 nfi 256,213,157,129,101,88 1803  Ethyl tetradecanoate*
13.68 95232 n/i 270,227,157,115,101,88 1840  Ethyl pentadecanoate*
13.98 256000 n/i 270,227,157,115,101,88 1871 C,, Fatty acid ethyl*
14.68 4112384  n/i 284,241,157,115,101,88 1937 Ethyl hexadecanoate*

15.33 258048 n/i 242,227,133,119,108,91 2005 Methyl-5,1,14,17-eicosatetraenoate
type ester, likely C 4

1597 1802240 913  310,264,222,180,110,97 2079  >C,; Poly unsaturated fatty acid
16.30 344064 n/i 208,161,147,108,91,79 2130  Methyl eicosa-5,8,11,14,17-

pentaenoate type ester, likely C,,
17.12 1261568 n/i  292,250,208,137,111,101 2276  Nonadecenoic type acid

17.45 1114112 935 215,133,119,105,91,79 2346 Methyl eicosa-5,8,11,14,17-
pentaenoate*

18.20 544768 892  320,278,236,155,111,97 n/c cis-9-Octadecenoic acid type ethyl
ester

18.68 835584 n/i 201,159,131,119,105,91 n/c Methyl eicosa-5,8,11,14,17-

pentaenoate* type compound
20.40 130048 864  368,353,255,247,145,121 n/c Cholesterol ester 14 32b
21.75 25600 892  368,353,314,255,213,145 n/c Cholesterol ester 24 32b
22.29 95232 945  368,353,247,213,147,105 n/c Cholesterol ester 3# 32b
27.77 9728 ni__ 386,301,275,213,145,107 n/c Cholesterolt 32a

Sample 1, skin scrape, TIC = 8598629, sample identity = sue108

10.02 91136 852 56,55,45,43 1242 3-Methyl-4-pentenol

10.27 17920 948 135,108,91,82,69,63 1312 Benzothiazole

13.67 10112 875 228,185,129,97,83,73 1839  Tetradecanoic acidt

14.77 626688 900  256,213,185,157,129,73 1945  Hexadecanoic acid¥

15.35 129024 n/i 224,125,111,97,83,69 2005  Hexadecene

16.07 344064 938  264,213,185,129,111,97 2096  cis-9-Octadecenoic acidt 38a
16.70 45312 n/i 239,129,111,101,82,73 2200 Unsaturated C,, fatty acid ester
17.90 51456 n/i 248.,149,135,121.95,81 2454 Polyunsaturated acid likely C.,
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20.48 22272 883  368,353,247,213,159,145 n/c Cholesterol, ester 1 ¢ 32b
21.85 3024 n/i  368,353,314,255,213,105 n/c Cholesterol, ester 2432b
22.40 21504 942 368,353,247,213,147,105 n/c Cholesterol, ester 3432b
28.00 6464 n/a__ 386,275,255,213,159,145 n/c Cholesterolt 32a

Sample 2, skin scrape, TIC = 342235, sample identity = sue109

6.10 11008 903 136,121,93,91,79,77 n/c B-Phellandrene

7.70 10560 897 123,109,95,84,79,67,55 315 7-Methyl-3,4-octadiene

10.77 9024 805 180,151,124,91,79 1412 1-Methyl-4-(1-methylpropyl)thio-
benzene

11.68 1952 n/i 113,97,85,71,57 1592 Phytane 33b

12.68 24832 923 122,106,94,78,51 1732 Nicotinamidet 36

15.35 17152 961 154,139,125,111,97,83 2005  Hexadecanol
28.00 664 n/a__ 368,353,301,255,213,163 n/c Cholesterolt 32a

* #,f homologous series of compounds, tconfirmed by comparison to authentic standard, n/i = no library
fit available, n/c = not calculated, Similar types of compounds were reported for both extraction
procedures and sample types.

2.7 Repeat of fish extraction
2.7.1 Neutral tissue extraction

A small farmed rainbow trout (approx. 1 kg) was purchased. Various parts of the fish
were divided and subject to the two extraction procedures as described in section 2.6.2 and
2.6.1. The second extraction procedure used ammonium acetate in place of ammonium
sulphate as this was unavailable. The samples extracted with water were centrifuged (2000
rpm, 5 min) to break the emulsion formed. The combined extracts were dried over anhydrous
sodium sulphate, flow evaporated, reconstituted in dichloromethane (250 ul) and analysed by

GC-MS (Tables 2.11, 2.12). GC program (40(3)x15 to 260(13)).

Table 2.11: Dichloromethane trout extracts, retention times, TICs and significant ions

Ret. TIC Rev  For Significant ions Kovat [dentity
time, fit fit m/z Index

min
Sample 4, skin scrape, TIC = 17323672, sample identity = suel21

12.6 n/i n/i n/i 122,106,94,78,51 1725 Nicotinamidet 36

13.37 111616 930 909  228,185,171,129,115,73 1805  Tetradecanoic acidt

14.83 1294336 883 854  256,213,185,171,129,73 1955 Hexadecanoic acidt

15.35 524288 941 923 224,153,125,111,83 2006  Cyclohexadecane

16.12 847872 822 783 264,222,123,111,97,83 2106  cis-9-Octadecenoic acidt 38a
17.85 31744 n/i n/i 429.371,355,315,117,83 2441  Polyunsaturated acid likely C,,
28.60 9344 751 622 386,353,301,275,213,145 n/c Cholesterolt 32a

Sample 2, stomach contents, TIC = 29365340, sample identity = sue122

13.38 327680 935 915 228,185,129,73,60 1805  Tetradecanoic acidt

1490 2490368 884 865 256,213,129,73,60 1959 Hexadecanoic acidt

15.45 50432 858 814 270,256,129,83,73,69 2018 Heptadecanoic acid

16.13 1572864 878 822 284,129,97,83,73,69 2106  Octadecanoic acidt

17.48 122880 n/i n/i 284,264,79,69,67,57 2354  Linolenic acid

17.68 199680 893 800 213,119,93,91,79,67 2399  8.11,14-Eicosatrienoic acid 40




33

1-Glyceryl hexadecanoate
Methyl eicosa-5,8,11,14,17-

pentaenoate

18.87 177152 884 833 299,239,134,98,84,74 n/c
19.08 222208 828 651 256,119,105,97,79,67 n/c
20.68 22784 812 744  284,267,185,129,98,57 n/c
28.74 8576 816 679 386,368,353,301,275,255 n/c

1-Glyceryl octadecanoate
Cholesterolt 32a

Sample 6, internal organs, TIC = 40104984, sample identity = suel123

13.47 1589248 934 914 228,185,129,73,60 1818  Tetradecanoic acidt

15.00 2195456 870 855 256,213,129,73,69,60 1968  Hexadecanoic acidt

1528 144384 795 700 256,129,79,67,55,41 2000 Hexadecenoic acid

1555 205824 n/a n/a 270,256,250,227,213,129 2031 Heptadecanoic acid

16.27 1802240 n/a n/a 284.264,111,97.83.69 2129  Octadecanoic acidt

16.60 1146880 859 751 207,180,119,108,91,79 2178  Polyunsaturated C,; acid ester

16.97 372736 715 520 285,211,203,190,130,117 2246  1-Hexadecyl-2,3-dihydro-1H-
indene

17.75 1081344 848 762 175,133,119,105,91,79 2416  1,4-Methano-benzocyclodecene

19.07 74752 na n/a 264,256,221,213,171,129 n/c Methyl eicosa-5,8,11,14,17-
pentaenoate

28.24 30208 687 570 386,368,353,301,275,255 n/c___ Cholesterolt 32a

Sample 8, skin extract, TIC = 20054076, sample identity = sue]124

10.17 199680 n/i n/i 212,141,121,99,85,71 1268  Pristane 33a

11.72 3096576 n/i n/i 183,155,141,127,113,71 1604  Phytane 33b

12.10 126976 n/a n/a  266,196,140,126,111,97 1666  C,, type alkene

1263 379312 916 8% 122,106,78,51 1732  Nicotinamidet 36

12.87 97280 924 901  242.211,199,185,143,74 1756  Methyl tetradecanoate

13.48 140288 881 849  278,228,185,123,95,81 1818  Dodecanol

14.28 487424 885 801 270,227,143,87,74,55 1898  Methyl hexadecanoate

14.80 270336 879 858 256,213,129,73,60,43 1955  Hexadecanoic acidt

1537 67584 ni nfi  256,242,227,119,109,91 2010  C,, Unsaturated fatty acid

15.62 137216 913 882 264,222,180,97,83,74 2039  Methyl octadecenoate

16.13 86016 n/i n/i 264,256,98,85,55,43 2112 cis-9-Octadecenoic acid 38a

16.82 31488 952 904  292,250,208,137,111,97 2223  Methyl 11-eicosenoate

17.92 29696 881 810 320,291,278,236,131,111 2460  Methyl 10-nonadecenoate

18.40 99328 910 841 206,159,131,119,105,91 n/c  Methyl eicosa-5,8,11,14,17-
pentaenoate

20.58 126976 883 835 203,191,136,95,81,69 n/c Squalene 35

28.20 19968 555 434 386,368,301,255,213,135 n/c___ Cholesterolt 32a

n/i = no library fit available, n/c = not calculated, Tconfirmed by comparison to authentic standard

Table 2.12: Ammonium acetate trout extracts, retention times, TICs and significant ions

Ret. TIC Rev  For Significant ions Kovat Identity
time, fit m/z Index
min

Sample 9, internal fatty strip, TIC = 7528919, sample identity = sue125
9.33 62208 881 683 152,137,124,109,96,82 n/c  Cyclodecene
11.70 1605632 i nfi 183,155,141,127,113,99 1603  Phytane 33b
13.38 209920 927 896  228,199,185,129,73,60 1808  Tetradecanoic acidt
14.28 14400 834 679 316,270,227,185,143,129 1898 Methyl hexadecanoate
14.85 188416 i nfi 256,213,185,171,129,111 1955 Hexadecanoic acid
16.10 185344 935 916  264,185,129,111,97,83 2137 cis-9-Octadecenoic acidt

38a
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17.37 7680 n/i n/i  292,264,221,185,129,111 2337  11-Eicosenoic acid
17.70 17152 n/i n/i 256,207,185,157,129,91 2304  8,11,14-Eicosatrienoic acid
40

28.09 25856 861 759 386 n/c Cholesterolt 32a

Sample 3, skin scrape, TIC = 43037988, sample identity = suel30
6.20 356352 860 791 101,83,74,73,57,43 n/c 4-Methyl pentanoic acid
10.34 528384 n/i n/i 99,82,70,55.42 1314 Furanone type compound
11.30 1753088 946 918 150,104,91,77,65,51 1423 Phenylpropanoic acid
13.60 1949696 935 916 228,185,129,73,60 1833  Tetradecanoic acidt
14.20 552960 897 885 242,199.182,129,73,60 1889  Pentadecanoic acid
15.12 1720320 817 790 256,213,182,129,73,60 1986  Hexadecanoic acid¥
15.52 262144 n/i n/i 268,256,213,185,69,55 2034  Heptadecenoic acid
16.30 2310144 n/i n/i 284,264,241,185,129,97 2130  Octadecanoic acidt
17.39 299008 922 874 292,111,97,83,69,55 2330  8,11,14-Nonadecatrienoic

acid

Sample 1, stomach contents, TIC = 22400652, sample identity = suel31

4.20 671744 721 682 88,73,66,55,42 n/c Butanoic acid

5.00 577536 730 724 87,74,57,41 n/c 2-Methylbutanoic acid
6.47 761856 868 860 101,87,83,74,57,43 n/c 4-Methylpentanoic acid
10.29 933888 928 899 136,91,65,51,39 1314  Phenylethanoic acid
11.30 1884160 947 935 150,131,104,91,77.65,51 1528  Phenylpropanoic acid
12.39 2162688 793 748 137,107,91,77 1702  4-Hydroxyphenylethanol
13.49 59904 910 876 228,185,129,91,73,60 1822  Tetradecanoic acidt
14.92 1867776 915 907 256,213,129,73,60,57 1959  Hexadecanoic acidt
16.17 319488 n/i n/i 284,264,256,185,129,73 2118  cis-9-Octadecenoic acidt

38a

Sample 5, internal organs, TIC = 53795900, sample identity = sue132

4.37 1556480 730 698 88,73,60,55,42 n/c Butanoic acid
6.10 315392 972 990 101,87,83,74,73,60,57 n/c 4-Methylpentanoic acid
8.80 917504 n/i n/i 129,114,86,73,60,56 768 1,5-Pentadiamine
10.3 1212416 923 892 136,92,91,77,65 1314  Phenylpropanedioic acid
11.13 1622016 n/i n/i 150,117,90,63 1504 Indole type derivative
13.73 2080768 894 878 228,185,129,73,60 1896  Tetradecanoic acidt
14.28 978944 902 891 242,199,185,171,129,73, 1898  Pentadecanoic acid
15.25 2260992 751 726 256,213,185,129,97,73 1938  Hexadecanoic acidt
15.60 188416 n/i n/i 268,256,213,129,97,73 2039 Heptadecanoic acid
16.05 491520 n/i n/i 320,264,237,194,123.97 2096  1-Glyceryl hexadecanoate
16.35 2244608 734 677 284,264,129,111,97,69 2149  Octadecanoic acidt
17.42 483328 n/i n/i 292,250,185,129,97,83 2335 Nonadecatrienoic acid
18.57 121856 n/i n/i 320,264,111,97,83,69 n/c Glyceryl hexadecanoate
19.18 139264 n/i n/i 320,256,213,152,119,79 n/c Glyceryl hexdecanoate
28.42 3456 565 424  386,368,353,275,107,95 n/c Cholesterolt 32a
Sample 7, skin extract, TIC = 45464344, sample identity = suel33
3.47 339968 n/i n/i 88,73,60,45,43 n/c Short chain fatty acid
5.02 536576 850 769 87,74,57,41 n/c 2-Methylbutanoic acid
11.13 1835008 n/i n/i 150,117,90,63,59 1504  Indole type derivative
11.75 1844160 919 895  183,155,141,127,113,99 1604  Phytane 33b
13.63 2342912 932 909 228,185,129,97,85,73 1833  Tetradecanoic acidt
14.23 339968 901 879 242,228,213,199,185,73, 1893  Pentadecanoic acid
15.12 2146304 834 816 256,213,129,83,73,69 1986  Hexadecanoic acidt
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16.28 1916928 /i n/i 264,222.111,97,83,69 2130  cis-9-Octadecenoic acidt
38a

17.45 14400 902 745 292,264,213,185,129,111 2352  Nonadecatrienoic acid
19.15 38424 n/i n/i 256,129,111,91,79,69 n/c 1-Glyceryl hexadecanoate
28.5 na ni i 386,368 n/c Cholesterolt 32a

nd = not detected, tconfirmed by comparison to authentic standard, na = not applicable, /i = no library fit
available, n/c = not calculated

2.7.2 Acidification of dichloromethane extracts from section 2.7.1

Dichloromethane (200 ul) was added to the samples 2 and 4 to obtain sufficient sample
volume. An aliquot of the diluted sample (100 pul) and dichloromethane (100 pl) were placed
in a vial and thoroughly mixed. Dilute hydrochloric acid solution (500 pl, 10 % v/v) was added
and the mixture warmed gently on a hot plate (setting 1, 20 minutes). The samples were cooled
to room temperature and the dichloromethane layer transferred to a clean vial. The acid
fraction was washed with dichloromethane (2 x 200 pl) and the organic extracts combined.
The samples were flow evaporated to approximately half the original volume. Diluted and
acidified samples were analysed by GC-MS(Table 2.13), GC program (40(3.5)x15 t0 260(13)).

The comparison of the extracted blanks did not reveal any significant peaks.

Table 2.13: Trout extracts, retention times, TICs and significant ions

Ret. TIC Rev  For Significant ions Kovats Identity
time, fit fit m/z Index

min
Sample 2, stomach contents, TIC = 3672653, sample identity = sue145

13.88 6848 907 837 228,185,129,87,73 1788  Tetradecanoic acidt

1527 319488 894 866 256,213,185,129,115,73 1953  Hexadecanoic acid¥

16.55 123904 n/i nfi 264,151,111,97,83,69 2111 Octadecanoic acidt

17.93 4352 869 717 129,115,99,83,69,55 2333 1-Glyceryl hexadecanoate

1825 19456 ni ni 372,315,239,117,130,101 n/c Long chain fatty acid cinnamate

type ester
19.23 8320 888 804 257,239,185,129,112,98 n/c 1-Glyceryl hexadecanoate
28.75 4480 361 220 387,354,302,275,145 n/c Cholesterolt 32a
Sample 2a, acidified stomach contents, TIC = 795271, sample identity = sue146
13.98 888 n/i n/i 97,83,71 1805  Tetradecanoic acidt

1520 42496 871 825  256,213,185,129,97,73 1944  Hexadecanoic acid¥
16.55 9280 n/i  nfi 284,256,185,157,97,73 2116  Octadecanoic acidt

18.25 5952 n/i  nfi 315,239,130,117,101,75 n/c Long chain fatty acid cinnamate
type ester

28.4 12544 n/i n/i  387,354,302,275213,145 n/c Cholesterolt 32a

Sample 4, skin scrape, TIC = 5585008, sample identity = sue147

728 112640 n/i n/i 86,56,42 n/c y-Butyrolactone

13.30 116736 n/i n/i 171,111,97,83,69,55 1720  Methyl 2-hydroxy-dodecanoate
13.88 12288 929 840  228,185,143,129,87,73 1788  Tetradecanoic acidt

1525 446464 915 883 256,213,185,157,129,73 1953  Hexadecanoic acidt

15.78 144384 n/i /i 125,111,97,83,69,55 2016  1-Hexadecanol

16.53 286720 959 913  284,264,241,151,129,97 2111 cis-9-Octadecenoic acidt 38a
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18.25 7744 n/i n/i 372,315,239,130,117,101 n/c Long chain fatty acid cinnamate
type ester

1892 28416 827 359 198,155,134,109,91,69 n/c Benzenesulphonamide
derivative

2337 22528 873 795  351,274,197,154,120,77 n/c Hydroxytriphenyl stannane
28.65 27648 n/i n/i__ 387,354,302,255,213,119 n/c Cholesterolt 32a

Sample 4a, acid skin scrape, TIC = 762263, sample identity = sue148

7.20 32256 637 625 86,56,42 n/c y-Butyrolactone
13.30 64768 n/i n/i 171,111,97,83,69,55 1720 Methyl 2-hydroxy-dodecanoate
15.78 9536 n/i n/i 154,125,111,97,83,69 2016 1-Hexadecanol

16.57 5760 n/i  n/i  377,280,196,182,126,113 2116  1-8(3-Octyloxiranyl)-1-oxooctyl
pyrrolidine

28.14 14400 759 626 387,354,302,275,213,145 n/c Cholesterolt 32a

Sample 6, internal organs, TIC = 14569057, sample identity = suel50

13.88 352256 945 890 228,185,143,129,87,73 1788  Tetradecanoic acidt
1538 860160 881 840  256,213,157,129,115,73 1964  Hexadecanoic acidt
1595 54016 930 857 250,227,129,111,97,83 2031 Heptadecenoic acid

16.70 618496 848 806 284,264,241,129,111,97 2137 cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

16.95 81920 n/i n/i 278,222,135,121,108,95 2173 Methyl octadecadienoate
17.78 315392 915 840 292,125,111,97,83,69 2304 Eicosenoic acid
18.22 802816 n/i n/i 166,147,133,119,105,91 n/c 8,11,14-Eicosatrienoic acid 40

18.90 36864 n/i n/i 320,166,133,111,97,91 n/c Unsaturated C,, fatty acid
19.53 147456 812 730 147,119,105,91,79,67 n/c Methyl eicosapentaenoate type
compound

28.75 4672 574 399 387,328,275,213,145,109 n/c Cholesterolt 32a

Sample 6a, acid internal organs, TIC = 6194415, sample identity = suel51

1330 15744 908 707 171,111,97,83,69,55 1720 Dodecanol
1392 26112 931 866 228,185,129,115,87,73 1797  Tetradecanoic acidt
1527 286720 868 821 256,213,157,129,83,73 1953  Hexadecanoic acidt

16.58 512000 911 844 264,151,123,111,97,83 2111 cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

16.92 43264 895 837 280,264,180,108,91,79 2173  Methyl octadecadienoate
17.73 13824 916 794 292,264,185,123,97,83 2303 Eicosenoic acid

18.10 41216 897 831 166,119,105,91,79,67 2369  8,11,14-Eicosatrienoic acid 40
28.28 4416 567 393 387,301,275,213,145,107 n/c Cholesterolt 32a

Sample 8, skin, TIC = 6668608, sample identity = suel52

12.15 499712 945 936 183,127,113,85,71,57 1558  Phytane 33b
13.32 589824 n/i nfi 171,111,97,83,67,55 1720  Dodecanol

13.92 19968 864 689 278,199,137,123,109,81 1797 Tetradecanoic acid &
unsaturated C, acid methyl ester

14.43 67584 n/i n/i 203,176,158,130,104,75 1858 Unidentified indole type
compound

15.00 122880 n/i _n/i  216,190,174,144,128,117 1919 Unidentified

15.25 278528 872 824 256,213,171,129,97,73 1953  Hexadecanoic acidt

16.53 187392 945 891 284,264,185,111,97,83 2110  cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

20.92 55552 n/i  nfi 149,136,121,95,81,69 2473 Squalene 35
28.32 14976 745 623  386,369,301,275.231,105 n/c Cholesterolt 32a

Sample 8a, acid treated skin, TIC = 794749, sample identity = suel53

12.13 155648 965 938 183,127,113,99,85,71 1558 Phytane 33b
13.32 6528 n/i n/i 111,97,83,69,55.43 1720 Dodecanol
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1398 19200 n/i nfi 196,138,124,109,96,82 1805  Mono-unsaturated C,, fatty acid
ester

1540 24320 ni nfi 248,135,121,111,98,83 1970  Mono-unsaturated C,, fatty acid
ester

16.85 440 n/i nfi 129,96,81,61 2155  cis-9-Octadecenoic acid 38a

28.20 3088 694 542 387,354,301,275213,159 n/c Cholesterolt 32a

Sample 9. internal fatty strip, TIC = 2922144, sample identity = suel54

12.13 143360 948 945 183,141,127,113,99,85 1558  Phytane 33b

13.83 29696 941 903  228,185,171,129,87,73 1788  Tetradecanoic acidt

1525 252928 847 800 256,227,213,171,129,73 1953  Hexadecanoic acidt

16.53 157696 n/a n/a 264,222,123,11197,83 2110  cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

28.20 5312 n/a n/a 387,354,302,213,159,105 n/c Cholesterolt 32a

Sample 9a, acid treated internal fatty strip, TIC = 434889, sample identity = suel55

11.22 1072 n/a n/a 86,85,70,67,57,55 1388  Unidentified

12.13 50432 946 939 183,127,113,9985,71 1558  Phytane 33b

13.98 5632 n/i o/ 125,111,96,82,71 1805  Tetradecanoic acidt &
unsaturated fatty acid ester

1528 28160 864 830  256,213,185,129,97,73 1953  Hexadecanoic acidt

16.63 3152 n/a n/a 111,97,83,73,55 2127  cis-9-Octadecenoic acid, 38a
Octadecanoic acidf

28.20 1472 656 446 387,302,275,213,159,107 n/c Cholesterolt 32a

tconfirmed by comparison to authentic standard, n/i = no library fits available, n/c = not calculated

2.7.3 Basification of dichloromethane fish extract samples from section 2.7.1

The samples prepared by dichloromethane extraction detailed in section 2.7.1 were

taken and an aliquot (200 pl) flow evaporated. Aqueous sodium hydroxide (10% v/v, 500 pl)

was added to each and mixed. The samples were warmed on a hotplate (setting 8, 30 min) with

periodic shaking to ensure thorough mixing. The samples were cooled and extracted with

dichloromethane (3 x 200 pl). The samples were flow evaporated to approximately half

volume and analysed by GC-MS (Table 2.14), GC program (40 (3.5) x 15 to 260(12.5) inj.

220).

Table 2.14: Trout extracts, retention times, TICs and significant ions

Ret.
time,
min

TIC

Rev

fit

For Significant ions
fit m/z

Kovats
Index

Identity

Sample 2, stomach contents, TIC = 2101524, sample identity = suel159

13.85 7168
1532 194560
16.57 84992
18.13 2736
28.42 1744

932
894
925

894

n/a

859  228,185,171,143,129,73 1857
869 256,213,129,115,73 1958
865 285,241,185,157,83 2116
780 133,119,105,95,91,79 2369

n/a__ 387,369,354,302,277,159 n/c

Tetradecanoic acidt
Hexadecanoic acidt

cis-9-Octadecenoic acid, 38a
Octadecanioc acidt

C,, Polyunsaturated fatty acid
ester

Cholesterol 1] 32a

Sample 2b, base stomach contents, TIC = 41950, sample identity = suel60

17.57 3408

n/i

n/i 239,185,129,116,98,84 2268

C,, type unsaturated fatty acid
derivative
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18.77 1520 n/i n/i 129,116,98,83,69,55 n/c C,, type di-unsaturated fatty
acid derivative
28.34 380 n/i n/i 95,93,81 n/c Cholesterolt] 32a

Sample 4, skin scrape, TIC = 257899, sample identity = suel61

13.07 2496 779 779 122,106,78.51 1690 Nicotinamidet 36

13.88 1552 728 717 129,97,83,73 1792 Tetradecanoic acidt

15.23 22784 864 819 257,213,185,129,115,73 1950 Hexadecanoic acidt

16.53 4160 n/i n/i 129,111,97,83,69,55 2110 cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

28.50 n/a n/a  n/a 386,95.93.81 n/c Cholesteroltq 32a

Sample 4b, base skin scrape, TIC = 121272, sample identity = sue162

15.80 10816 928 916 125,111,97,83,69,55 2016 3-Eicosene

28.34 520 n/i n/i 107,95,91,83,79,71 n/c Cholesteroltq 32a

Sample 6, internal organs, TIC = 1044394, sample identity = suel63

13.83 12864 920 858 228,185,143,129,97,73 1785 Tetradecanoic acidt

15.28 86016 864 824  256,213,185,129,115,73 1955 Hexadecanoic acidt

16.57 65536 n/a n/a 265,165,138,123,111,97 2116 cis-9-Octadecenoic acidt 38a

17.60 4928 820 735 145,133,119,105,97,79 2270 Methyl eicosa-5,8,11,14,17-
pentaenoate

28.25 1024 n‘a__n/a  387,276,213,145,107,95 n/c Cholesteroltq 32a

Sample 6b, base internal organs, TIC = 402584, sample identity = sue 164

10.63 44380 868 853 99,85,71,57,43 1275 Pristane 33a

12.15 83968 942 907 183,155,141,127,113,99, 1558 Phytaney 33b

14.07 6400 898 848 124,109,95,85,71,58 1814 6,10,14-Trimethyl-2-
pentadecanone

28.38 1664 na n/a 388,354,302,213,145,105 n/c Cholesteroltq 32a

Sample 8, skin, TIC = 2406819, sample identity = sue165

6.95 19968 840 785 110,95,81,65,53 n/c
9.73 10496 n/i  nfi 152,137,124,109,96,82 1052

3-Ethyl-1,4-hexadiene
Unidentified

11.58 12544 n/i n/i 166,138,123,110,95,68 1463 Unsaturated fatty acid likely
Cll

12.17 475136 947 924 183,141,127,113,99,85 1560 Phytane 33b

12.93 13952 n/i n/i 161,147,133,117,108,91 1671 Aromatic cyclic type
compound

1330 25600 896 838 242,199,143,129,87,74 1719 Methyl tetradecanoate

13.93 10112 884 837 137,123,109,95,81,68 1797 14-Methyl-8-
hexadecen-1-ol

14.73 103424 935 886 271,227,185,143,129,74 1890 Methyl 12-(acetyloxy)-
octadecenoate

15.23 854 801 984 257,213,185,129,115,73 1948 Hexadecanoic acid+

16.05 37888 941 904  265,222.143,123,111,96 2047 Methyl octadecenoate

16.53 25856 881 755 265,171,129,111,97,83 2111 cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

18.80 8384 890 795  173,145,133,117,10591 n/c Methyl eicosa-5,8,11,14,17-
pentaenoate

28.38 1504 n/a n/a 387,370,302,229,159,95 n/c Cholesterol1q 32a

Sample 8b, base skin, TIC = 2229854, sample identity = sue166

12.17 471040 952 929 183,127,113,99,85,71 1560 Phytanef 33b

13.3 7616 890 844 137,123,109,95,81,68 1720 14-Methyl-8-hexadecen-1-olf
28.37 1840 nfa n/a 387.355.303.276.133.105 n/c Cholesterolt] 32a

Sample 9, internal strip, TIC = 655639, sample identity = suel67

6.93 9216 826 795 110,95.81,67,53 n/c

3-Ethyl-1,4-hexadiene{
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10.62 7232 n/i nfi 99,85,71,57 1272 Pristane 33a
12.15 151552 946 900 183,141,113,85,71,57 1558 Phytane{ 33b
12.55 4864 n/i nfi 126,111,97,83,71,56 1618  7-Methyl-6-tridecene

12.80 9472 n/i n/i 180,137,124,111,83,55 1654 Propyl thio type compound
12.93 6016 i i 136,133,117,108,105,91 1671 cis,cis-1,3,5-Octatrienef
13.87 5824 930 867 228,185,143,129,73 1780  Tetradecanoic acidt

15.28 9216 . n/a n/a  257,199,157,123,111,97 1954  Hexadecanoic acidt

16.53 11328 873 741 265,151,129,111,97,83 2110 cis-9-Octadecenoic acid, 38a
Octadecanoic acid¥

28.35 1280 n/a n/a 387,369,302,276,199,159 n/c Cholesterol9 32a
Sample 9b, base treated internal strip, TIC = 17142035, sample identity = sue168

6.72 13568 n/i n/i 132,117,91,79,66,54 n/c Dicyclopentadiene
6.92 30976 851 795 110,95,81,67,65 n/c 2,4 Heptadienaly
7.75 7488 866 825 114,98,95,82,69,57 368 Nonanal

7.95 5056 n/i n/i 124109,95,81,53 451 3,5-Octadien-2-one
9.60 11456 908 806 121,111,97,83,70,57 1016 7-Tetradecene

10.27 19200 n/i n/i 150,136,121,107,91,81 1195 Terpenoid type compound 19
11.15 10688 nfi nA 154,137,124,111,83,55 1383 Terpenoid type compound 2
12.17 372736 940 899 183,127,113,99,85,71,57 1560  Phytanef 33b

1293 21504 ni ni 161,147,133,117,108,91 1671 Unidentified

20.97 4000 ni ni 109,99,95,85,81,69 n/c Squalene 35

28.45 1712 nfa n/a 388,370,327,302,213,105 n/c Cholesteroltq] 32a

‘+confirmed by comparison to authentic standard § occurs in both treated and untreated sample, n/a = not
applicable, n/i = no library fit available, n/c = not calculated

2.7.4 Bicarbonate treatment of dichloromethane fish extract samples from section 2.7.1

The ether/ethanol extracts prepared in section 2.7.1 were taken and an aliquot (250 pl)
taken from each. The samples were flow evaporated and sodium bicarbonate (2M, 500 pl) was
added to each. The samples were warmed on a hot plate (30 min), cooled and hydrochloric
acid (10 % v/v, 4 drops) added to neutralize the solution. The samples were extracted with
dichloromethane (3 x 200 pl), flow evaporated to approximately half volume and analysed by

the GC-MS (Table 2.15), GC program (40(3.5)x15 to 260(13)).

Table 2.15: Trout extracts, retention times, TICs and significant ions

Ret. TIC Rev For Significant ions Kovats Identity

time, fit fit m/z Index

min
Sample 2, stomach contents, TIC = 5358050, sample identity = suel73

4.65 98304 n/i n/i 88,73,60,44 n/c Octanoic acid

5.50 67584 807 594 91,87,74,57 n/c 2-Methylbutanoic acid
7.02 97280 770 750 117,101,87,83,73,60 32 4-Methylpentanoic acid
10.73 368640 934 919 136,91,77,65,51 1290  Phenylpropanedioic acid
11.72 737280 892 872 150,105,104,91,77 1488 Phenylpropanoic acid
12.78 143360 805 670 138,107,91,77,65 1651  4-Hydroxy-phenylethanolq

13.42 95232 i i 137,127,109,99,91,81 1735  Pyrrolidine type derivativeq
13.90 10304 788 552 228,171,150,104,91,73 1797  Tetradecanoic acidt
15.35 421888 610 560 256,213,157,129,115,73 1958  Hexadecanoic acidty
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16.02
16.60

17.40
18.78
19.52
28.75

4096
257024

25856

12224

21504
1568

749
919

n/i
n/i
814
523

627
841

n/i
n/i
729
374

270,227,185,129,98,74
284,241,213,185,129,97

131,120,107,91,71
256,198,156,142,129,114
227,192,117,105,91,79
387,369,314,275,145,109

2047
2126

2240
n/c
n/c
n/c

Heptadecanoic acid

cis-9-Octadecenoic acid. 38a
Octadecanoic acidty

Phenyl amino type compoundf
Cinnamic acid type compound§
8.11,14-Eicosatrienoic acid40
Cholesteroltq 32a

Sample 2¢, bicarb treated stomach contents, TIC = 3528510, sample identity = suel74

7.97 33024 892 862 109,107,90,79,63 451 4-Methylphenol
10.98 69632 915 865 117,90,74,63 1327 3-Methylbenzonitrile
11.43 10944 n/i n/i 147,127,104,99 83 1423 Ketone/pyrrolidine type
derivative
12.32 4608 893 655 138,107,91,77,62 1598 3H-Hydroxy-phenylethanol
12.92 76800 n/i n/i 137,127,109,99,81,55 1671 Pyrrolidine/imidazole type
compoundy
13.47 5760 822 691 228,185,143,129,85,73 1757  Tetradecanoic acidtq
14.82 303104 877 826 256,213,171,129,115,73 1904  Hexadecanoic acidtq
16.08 120832 941 872  284,241,213,185,129,97 2047  cis-9-Octadecenoic acid, 38a
Octadecanoic acidtq
16.90 20736 n/i n/i 182,154,140,120,107,91 2155 Benzamine type derivative 19
17.47 12480 n/i n/i 193,175,133,121,105,91 2254 Benzamine type derivative 2
18.28 9408 n/i n/i  326,256,184,142,129,114 n/c 1-Glyceryl hexadecanoate
19.03 37120 n/i n/i 192,131,117,105,91,79 8,11,14-Eicosatrienoic acid
40
19.82 4416 n/i n/i  352,212,184,156,142,114 n/c 1-Glyceryl ocatdecanoate
28.30 1184 nfa n/a 372,314,275,231,159,145 n/c Cholesteroltq 32a
Sample 4, skin scrape, TIC = 9309619, sample identity = suel75
3.37 131072 693 642 91,78,73,61,45 n/c Inositol cf 51
6.13 28672 824 802 101,83,73,60,57 n/c 4-Methylpentanoic acid
10.38 149504 921 888 136,123,105,91,77,65 1235 Phenylpropanedioic acid
11.13 667648 919 898 150,104,91,77,65 1382 Phenylpropanoic acid
13.47 389120 908 832  228.185,171,129,115,73 1757 Tetradecanoic acidt
13.78 15488 839 756 242,199,171,143,129,73 1779  C, fatty acid
14.08 46336 849 780  242,199,171,143,129,73 1815 Pentadecanoic acid
1498 360448 n/a n/a 256,213,185,171,157,129 1919  Hexadecanoic acidt
15.48 35072 na n/a  270,213,171,129,111,97 1993 Heptadecanoic acid
16.28 176128 n/a n/a 264,220,151,111,97,83 2077 cis-9-Octadecenoic acid, 38a
Octadecanoic acidtq
16.53 121856 i n/i 180,147,119,105,91,79 2110  C,; Fatty acid ester
17.05 54272 859 797  264,222,180,137,111,97 2185 Methyl cis-9-octadecenoate
17.38 204800 n/i n/i 292,249,138,125,111,97 2237 Methyl octadecatrienoateq
17.68 262144 895 804 166,133,119,105,91,79 2290  Methyl eicosa-5,8,11,14,17-
pentaenoateq
18.73 26880 n/i n/i 321,277,152,124,111,97 n/c Unsaturated C,, fatty acid
estery
19.22 18432 ni n/i 284,187,159,133,105,91 n/c Unsaturated C,, fatty acid ester
20.15 9728 856 772 241,176,147,133,108,91 n/c Ethyl eicosa-5,8,11,14,17-
pentenoate
28.20 2608 n/a _n/a_ 369,330,301,255,107,95 n/c Cholesteroltq 32a

Sample 4c, bicarb. treated skin scrape, TIC = 7762206, sample identity = suel76

10.03

65280

n/i

n/i

100,99,70,58

1132

Unidentified
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1342 239616 942 877  228,185,143,129,115,73 1735  Tetradecanoic acidtq

14.12 11008 844 765  242,199,185,143,129,73 1820  Pentadecanoic acidq

14.88 376832 775 732 256,213,157,129,97,73 1904  Hexadecanoic acidtq

15.47 13504 937 860 270,227,171,129,111,73 1993  Heptadecenoic acid{

16.18 335872 n/a n/a 284,264,151,111,97,83 2062  cis-9-Octadecenoic acid, 38a
Octadecanoic acidtq

1647 114688 n/i n/i 180,133,119,105,93,79 2094  Fatty acid C,4 ester

17.05 36096 874 793  264,222,180,137,111,97 2185 Methyl cis-9-Octadecenoate

1732 164864 n/i n/i  292,249,138,125,111,97 2225  Methyl octadecatrienoate

17.65 154624 n/a n/a 166,133,119,105,91,79 2308  Methyl eicosa-5,8,11,14,17-
pentaenoatey

18.53 44288 i ni 321,277,152,124,111,97 n/c Unsaturated C,, fatty acid
estery

19.08 84992 n/i n/i 159,133,119,105,91,79 n/c Unsaturated C,, fatty acid ester

28.14 1680 na__ n/a__ 387,354,301,275,145,95 n/c Cholesterolty 32a

Sample 6, internal organs, TIC = 14037429, sample identity = suel77

4.15 110592 n/i n/i 86,73,60 n/c Octanoic acid

4.72 98304 760 635 128,87,74 n/c 2-Methylbutanoic acid

6.07 32000 815 773 101,83,74,57 n/c 4-Methylpentanoic acid

10.20 311296 934 890 136,91,65 1177 Phenylpropanedioic acid

1095 197632 935 907 150,104,91,77 1321 Phenylpropanoic acid

13.57 495616 n/i n/i  228,185,171,143,129,115 1757 Tetradecanoic acidt

14.13 211968 837 776 242,199,185,143,129,73 1821 Pentadecanoic acid

14.18 23040 ni n/i 243,222,171,157,129,111 1827  C,s Fatty acid

14.38 65536 n/i ni  256,211,185,128,101,73 1864  C,, Fatty acid

15.18 1310720 503 407  256,213,185,157,129,97 1938  Hexadecanoic acidt

15.60 194560 908 827 250,206,151,125,111,97 1993  Unsaturated C,, fatty acidq

15.92 120832 767 651 310,265,236,194,152,97 2031 Unsaturated C,, fatty acid
glyceride

1623 236544 n/i n/i  285,264,207,133,112,97 2062  cis-9-Octadecenoic acid, 38a
Octadecanoic acidt

17.10 238592 n/i nfi  338,285,265,222,123,97 2196  cis-9-Octadecenoic acid estery

17.50 794624 n/i__ n/i _ 249,193,175,152,133.91 2254  Fatty acid glyceride §

18.33 76800 798 731 292,256,180,133,129 n/c 2-Glyceryl hexadecanoate

18.55 31488 866 813 322,292,256,201,147,131 n/c 1-Glyceryl hexadecanoate

18.70 10240 n/i n/i  341,321,291,277,145,131 n/c 2-Glyceryl octadecanoate

19.45 17664 ni nfi 338,278,171,131,91,79 n/c 1-Glyceryl octadecanoate

28.22 2800 473 329 387,369,301,275,145,119 n/c Cholesteroltq 32a

Sample 6¢, bicarb. treated internal organs, TIC = 15550322, sample identity = suel78

1298 66560 n/i n/i 163,133,117,104,91,79 1680  S5-Phenylpentanone

13.63 247808 671 541 228,185,157,143,129,115 1757  Tetradecanoic acid
13.87 103424 827 783  242,199,185,143,129,73 1788  C,; fatty acidf

14.15 278528 852 818 242.213,199,143,129,73 1821 Pentadecanoic acidy
14.57 134144  n/i__ nf/i 284,229.211,129.116 1864  C,. Fatty acid ester

15.00 40960 na n/a 256,213,171,157,129,97 1939  C,, Fatty acidf

1525 1409024 n/a n/a 256,213,185,82,72 1939 Hexadecanoic acidtq
15.52 307200 n/i n/i  268,168,153,138,110,97 1993  Unsaturated C,, fatty acid
15.65 323584 900 828 250,206,151,125,111,97 1993  Heptadecanoic acid

1593 319488 786 681 311,264,236,194,152,97 2031  methyl hexadecenoate §
1625 458752 n/i  nfi  222,165,151,127,111,83 2077  cis-9-Octadecenoic acidt 38a
16.87 294912 n/i__ n/i 298,280,241,222,135,108 2155  C,, Fatty acid
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17.13 434176 n/i n/i 338,285,265,222,123,97 2196 cis-9-Octadecenoic acid esterq

17.52 1523712 n/i n/i 249,193,175,152,133.91 2254  Fatty acid phenyl ester

1790 872448 744 681 166,147,131,119,91,79 2326  Methyl eicosa-5,8,11,14,17-
pentaenoate

18.37 130048 n/i n/i 320.256,180,131,129.91, n/c Unsaturated fatty acid
glyceride§

18.57 86016 n/i n/i 289,201,147,133,119,79 n/c 8,11,14-Eicosatrienoic acid
ester 14

18.85 58112 n/i n/i 321,207,138,125,97 n/c 8.11,14-Eicosatrienoic acid
ester 29

18.97 61184 n/i n/i  320,304,276,151,123,111 n/c 8,11,14-Eicosatrienoic acid
ester 3

19.42 36096 n/i n/i 338,278,171,131,91,79 n/c 8,11,14-Eicosatrienoic acid
ester 4

20.18 69632 n/i n/i 338,278,171,131,91,79 n/c 8,11,14-Eicosatrienoic acid
ester S

28.25 4288 n/a n/a 387,369,301,275,145,119 n/c Cholesteroltq 32a

Sample 8, skin, TIC = 17879860, sample identity = suel179

4.82 47360 n/i n/i 101,85,69,60,45 n/c Butanoic acid ester

10.23 60416 893 792 136,129,91,65 1176 Phenylpropanedioic acid

10.97 1163264 n/i n/i 150,117,104,91 1321 Terpenoid type compound

11.67 327680 962 956 183,127,113,99,85,71 1476  Phytane 33b

12.98 140288 924 799 163,127,104,91,72,65 1680  5-Phenyl-2-pentanone

13.57 618496 n/a n/a 228,184,143,129,115,97 1757 Tetradecanoic acidtq

13.84 47616 854 813  242,199,143,129,115,73 1787  C|, Fatty acid mixed peak

14.14 238592 886 891  242.199,143,129,115,73 1821 Pentadecanoic acidy

15.00 42752 na n/a  256,213,157,129,115,73 1938  C, Fatty acidy

15.17 1376256 n/a n/a 256,213,129,115,73 1938 Hexadecanoic acidtq

15.45 145408 n/i n/i 268,212,153,138,123,97 1970 Mono unsaturated C,, fatty
acidy

15.58 129024 ni n/i 250,208,151,123,111,97 1993 C,, Fatty acid

15.92 83968 901 859 312.264,108,123,101,88 2031 Ethyl cis-9-Octadecenoate

16.24 405504 n/i ni 284,264,129,111,97,83 2077  cis-9-Octadecenoic acid, 38a
Octadecanoic acidtq

17.38 248832 ni ni 310,292,208,151,125,97 2237  Monounsaturated C, fatty acid
estery

17.70 413696 907 838 166,133,119,105,91,79 2290  Methyl eicosa-5,8,11,14,17-
pentaenoate

18.62 52736 n/i n/i 320,278,170,125,110,97 n/c 8,11,14-Eicosatrienoic acid{40

19.15 135168 n/i n/i 167,149,117,105,91,79 n/c C,, Unsaturated fatty acid
esterq

28.20 1520 538 342 386,354,301,212,145,105 n/c Cholesteroltq 32a

Sample 8c, bicarb. treated skin, TIC =13720884, sample identity = suel180

10.97 315392 896 872 117,90,53 1321 3-Methylbenzonitriley

11.67 108544 959 947 183,141,113,99,85,71 1475 Phytane{ 33b

13.45 724992 950 929  228,185,143,129,115,73 1735 Tetradecanoic acidt

14.13 44032 878 851  242,199,143,129,115,73 1821 Pentadecanoic acidy

1490 307200 na n/a 256,213,185,157,129,73 1904 Hexadecanoic acidtq

15.50 23296 n/i n/i 270,256,227,171,129,73 1993 C,, Fatty acid

16.20 643072 n/i ni 284,264,129,111,97,83 2062  cis-9-Octadecenoic acid, 38a
Octadecanoic acidtq

16.47 160768 859 788 355,147,119,105,91,79 2094 Methyl octadecatrienoate
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17.32 57344 ni ni  310,292,208,151,125,97 2225  Mono unsaturated C,, fatty

acid esterq

17.63 70656 n/i n/i 355,147,119,105,91,79 2279  Methyl eicosa-5,8,11,14,17-
pentaenoate

18.48 8064 ni n/i  280,235,178,123,111,83 n/c Unsaturated C,, fatty acid
esterq

19.00 19200 n/i n/i  320,255,199,133,119,105 n/c Unsaturated C,, fatty acid
ester

28.20 n/a n/a n/a 386 n/c Cholesteroltq] 32a

n/i = no library fit available, n/a = not applicable , n/c = not calculated, T confirmed by comparison to
authentic standard § occurs in both treated and untreated samples, # late runner from last sample

2.8 Trout urine

Urine samples were collected by catheterizing trout and pooling the urine. The female
urine was subject to bioassay and known to be active. Male urine was also collected in the
same fashion. The trout stocks, urine collection and bioassay were all maintained by Dr.

Alexander Scott, DEFRA (formerly MAFF) at Lowestoft.

2.8.1 Direct injection of trout urine

Frozen urine samples were thawed, thoroughly mixed and portions (4 ml) were freeze
dried (4 millibar, 3.5 hours). Native and freeze dried samples were directly injected (5 ul) onto
the GC-MS, DBWax column, (30(3) x 5 to 260(35), inj 275, interface 280).

Both the male and female direct injection samples were found to contain only 1 peak,
which was identified as N-methyl-methanamine. The freeze-dried samples of both the male
and female urine were found to contain two peaks, the dimethylamine as in the previous
samples and also trimethylamine. The female direct injection also contained peaks at 3.33,
7.05, 15.42,43.95, 50.47 min, but the TIC was too low to identify. The direct injection male
urine sample contained peaks at 14.17, 18.50, 58.35, 64.37, 65.95. The freeze-dried samples
contained peaks at 3.22, 3.40, 27.50, 46.44, 51.92, 66.40 min for the female and at 17.67,
26.44,29.29,29.69, 30.40, 34.89, 35.37, 55.84. Again, the TIC counts were too low to permit

identification.

2.8.2 Dichloromethane extractions of trout urine

Portions of the trout urine (2 ml) were treated with sodium hydroxide or hydrochloric
acid to give a pH of either 12 or 1. These samples plus an untreated urine were extracted with
dichloromethane (3 x 1 ml). The organic layers were filtered through a plug of glass wool to
break the emulsion formed. The samples were concentrated (200 pl) under a gentle stream of

nitrogen at room temperature. The samples were analysed by GC-MS (30(3) x 5 to 260(35),
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inj 275, interface 280) on the standard DB17 column (Table 2.16).

Table 2.16: Trout urine, retention times, TICs and significant ions

Ret. TIC Rev  For Significant ions Kovat Identity
time, fit fit m/z Index
min
Neutral extract of female trout urine, TIC = 1887458, sample identity = sue328
34.50 16256 n/i n/i 281,256,154,129,111,97 2096  3-Decanol
37.54 38656 n/i n/i 194,128,111,97.83,72,59 2264  9-Octadecenamide 38b
38.70 2960 873 642 281,184,129,114,86,72 2333  Hexadecanamide
40.65 27136 930 528 140,112,97,83,72,59 2453  C,; amine
43.57 10944 783 520  292,253,212,126,114,97 2647  2.6-Dimethylnonanedioic acid
type compound
4474 110592 886 767 175,136,121,95,81,69 2730 Squalene 35
46.60 61952 930 599 337,140,113,97,83,72,59 2868  2-Hydroxy-cyclopentadecanone
51.39 1968 n/i n/i  386,353,301,275,213,105 n/c Cholesterol 32a
77.87 1648 n/i n/i  377,331,315,253,157,129 n/c Cholesterol derivative
79.37 2464 n/i n/i__ 377,316,269,185,145,111 n/c Cholesterol derivative

Acid extract of female trout urine, TIC = 108921, sample identity = sue331

30.67 3632 n/i n/i 129,107,95,81,69,55 1901  Squalene type derivative
37.87 4416 n/i n/i 113,97,81,69,55,43 2284  Squalene type derivative
39.35 5248 n/i n/i 113,97,85,69,57,43 2372  Squalene type derivative
40.84 5056 n/i n/i 113,97,85,69,57,43 2465  Squalene type derivative
42.30 4864 886 619 111,85,69,57,43 2561 17-Pentatriacontene
44.87 5248 n/i n/i 149,137,121,11,95,81 2740  Squalene 35

Base extract female urine, TIC = 84903, sample identity = sue332

37.94 2816 n/i n/i 97,85,71,69,57,43 2285  Squalene type derivative
39.44 2592 n/i n/i 113,97,85,69,57,43 2373  Squalene type derivative
44 .82 11776 n/i n/i 149,136,121,107,81,69 2736  Squalene type derivative
47.65 3136 n/i n/i 335,234,195,159,111,94 2950  Squalene type derivative

Neutral extract of male trout urine, TIC = 3536034, sample identity = sue329

18.15 25600 872 619 138,135,107,94,77,66 1353  Phenylphosphonic acid

24.52 7488 913 284 287,169,153,143,126,101 1621  1,2:3,4:5,6-1ri-O-Isopropylidene-
D-glucitol#

25.14 5568 924 272 287257,229,157,143,115 1648  1,2:3,6:4,5-tri-O-Isopropylidene-
D-mannitol#

3199 20992 n/i n/i 147,97,91,85,83,71,57 1966  C,, alkane

3595 6656 n/i n/i  253,228,169,141,113,85, 2174 C,, alkane

36.52 7296 797 589  213,199,170,145,127,100 2206  1-Methyltridecyl octanoate

37.17 15488 n/i n/i 213,194,166,124,96,70 2243 Unidentified

39.10 14656 n/i n/i 281,141,113,99.85,71 2357 C,, alkane

40.59 16384 n/i n/i  225,149,113,99,85,71,57 2449 C,, alkane

42.04 16640 n/i n/i 279,155,140,127,99.85 2543  C, alkane

43.47 12864 ni n/i 283,197,171,127,112,85 2640 C,, alkane

4470 700416 901 797 148,136,121,95,81,69 2727  Squalene 3§

45.44 8064 882 595 219,179,117,93,79,67 2781  Methyl 9,12,15-octadecatrien-
oate

46.49 23808 ni  n/i 341,270,154,113,97,85 2860 C,; alkane

47.49 12608 868 616  278,277,201,183,152,77 2937  Acetic acid (triphenylphosphor-
anylidene), methyl ester#

51.19 1744 879 580  386,301,275,231,213,145 3000  Cholesterol 32a
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Acid male trout urine, TIC = 42384, sample identity = sue333

44.87 6272 n/i nfi 137,121,107,95,81,69 2739  Squalene 35

57.20 2080 n/i n/i  520,506,475,367,334,290 n/c Lanostan-11-one type compound

72.91 2320 n/i nfi  793,730,608,528,407,249 n/c Unidentified

73.34 2592 n/i___ ni 488,411,393,280,264.93 n/c Unidentified

Base male trout urine, TIC = 77641, sample identity = sue334

44.75 5504 n/i n/i 137,121,107,95,81,69 2731  Squalene type derivative

46.54 7296 n/i nfi 136,126,112,97,83,72 2864  9-Octadecenamide type
compound 38b

# Likely contaminants, n/i = no library fit available, n/c = not calculated

2.8.3 NMR analysis of freeze-dried urine
Female trout urine (1 ml) was freeze dried (2 hr), and azeotroped twice with D,0O (2
x 1.5 hr). The remaining yellow solid was dissolved in a minimum volume of D,0 and
submitted for NMR analysis. Peaks were present at 6 5.24 (d J 4 Hz) and § 4.66 (d J 8 Hz),
which are consistant with the a- and B-anomers of glucose . Residual water and impurity peaks
did not allow full interpretation and so this procedure was repeated with a larger volume.
Female trout urine (60 ml) was freeze dried as above. 'H-NMR spectra were measured
on a solution in D,0O and the same sample after the addition of CDCI,.
'H-NMR (D,0) The 'H-NMR spectra of this sample contained a complex mixture and hence
reliable integrations could not be made. However it was a apparent that there were major and
minor components with the ratio of approx 5-10:99-95. § 5.23 (minor, d J 3.8); 4.65 (minor,
dJ7.9);4.27 (minor, dd, J 7.0, 4.5); 4.08 (minor, s); 3.95 (major, s); 3.68 (major, d J 6.6); 3.4
(major, tJ6.6); 3.3 (major, s); 3.25 (major, t J 6.5); 3.05 (major, s); 1.48 (minor, d J7.2); 1.32
(minor, d J 6.9)
'H-NMR (CDCl,) Broad hydrocarbon peaks at § 1.3 & 0.9.

2.8.4 HPLC of trout urine

The female trout urine was subject to solid phase extraction, the cartridges (Sep Pac
C18) were conditioned with methanol (2 x 4 ml) and washed with water (5 ml). The sample
(5 ml) was loaded onto the cartridge using a syringe. The cartridges were soaked (2 min) and
eluted with methanol (3 x 1 ml). The methanol extract was subject to HPLC using the standard
system as described in section 2.1.2. The mobile phase was run at 0.5 ml/min, as a gradient,
20 % v/v acetonitrile for 10 min, rising to 70 % v/v acetonitrile in 50 min then isocratically at
the final composition for 15 min. The sample volume was 200 pl. The eluant from the column
was collected as four fractions (0 - 20, 20 - 40, 40 - 60, 60 - 75 min) These samples were

intended for bioassay, but due to an exceptionally short spawning season, this was not
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possible. A total of 8 peaks were observed at the following times: 9, 18, 20, 22, 29, 49, 64, 66
min.

Trout urine is dilute and possibly containing sugars. so a solution of acetic chloride in
pyridine (5% v/v, 250 ul) was added to a portion (75mg) of the freeze-dried sample (section
2.8.3). the samples were capped, gently shaken and left overnight at room temperature. The
samples were flow evaporated (40°C) and reconstituted in aqueous acetonitrile (80% v/v, 200
ul). The samples were analysed by HPLC (section 2.1.2), the mobile phase gradient was 20%
acetonitrile for 10 min, rising to 70% over 50 min, isocratic for 15 min then rising to 95% over
5 min. The flow rate was 0.5 ml/min and UV detection was at 254 nm. A water blank and
steroid standards containing Reichstein’s Substance 30b, 4-pregnen-17a, 20a-diol-3-one 31.
17a-P 30a, testosterone 26 PG,, (10 mg in 100 ml methanol respectively) were derivatised and
analysed under identical conditions.

The blank sample displayed a small peak (0.02 AU) at 1.5 minutes. The remaining
chromatogram did not show any further peaks. The steroid standards, Reichstein’s Substance
30b, 4-pregnen-17a, 20a-diol-3-one 31, 17a-P 30a, testosterone 26 and PG,, had retention
times at 10.0, 12.5, 15.0, 20.0, 22.9 minutes respectively. The derivatised urine sample
contained a total of 25 peaks at the following retention times, 9.2,9.5,10.3,11.4,11.9,12.7,
13.5,16.5,17.6,20.8.23.2,26.2,27.6,28.9,31.1,34.3,35.7,40.5,42.2,43.5,46.5,48.9, 53.8,
61.6 and 66.5. The chromatography produced broad, tailing peaks, so it was not possible to

get reliable integration for peak area information.

2.8.5 Solvent extract and deconjugation of female trout urine

A large volume (25 ml) of female trout urine was subject to solvent extraction with
dichloromethane (3 x 2.5 ml). The remaining aqueous layer was deconjugated using
glucuronidase solution (1 ml) at 37°C as previously described and re-extracted with
dichloromethane (3 x 2.5 ml). The dichloromethane extracts were concentrated (approx. 50
ul) and analysed by GC-MS (Table 2.17), GC program (30(4) x 5 to 280 (20) inj 300 interface
300, vol 2pl).

Table 2.17: Large volume trout urine, retention times, TICs and significant ions

Ret. TIC Rev  For Significant ions Kovats Identity
time, fit fit m/z Index

min
Large volume trout urine extract for free steroids, TIC = 1467879, sample identity = sue356
12.05 27136 866 833 128,104,103,73,59 n/c 1-(2-Methoxy-1-methyl

ethoxy)-2-propanol
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1237 49408 799 691 134,105,91,73,59 n/c 1-(2-Methoxypropoxy)-2-
propanol*

12.67 23296 931 860 134,28,119,105,91,77 n/c 1,2,3,4-Tetramethyl benzene

1345 17920 906 825 134,120,119,105,91,77 n/c 1-Ethyl-2,4-dimethyl-benzene

19.13 8832 772 636 199,130,110,109,81,54 n/c 1-Methyl 1H imidazole-2-
carboxaldehyde

2095 77824 906 685 138,107,94,77,66,51 n/c 2-Phenoxyethanol

21.80 52480 838 713 100,99,98,70,55,42 1730  5-Butyldihydro-4-methyl-2(3 H)-
furanone

29.90 25856 832 431  356,281,223,180,127,99 1762  Dimethyl 1-methylpropenyl ester
of phosphoric acid

31.02 1888 796 600 228,185,129,116,85,73 1792  Tetradecanoic acidt

35.02 11712 789 648 256,213,185,129,73 1935  Hexadecanoic acidf

36.85 35072 n/i  nfi 168,140,125,97,70 2016  4-Hydroxy-3-methoxy benzoic
acid type compound

3875 11072 n/i  n/i 284,264,241,222,185,129 2108  cis-9-Octadecenoic acidt 38a

3995 47104 n/i /i 195,167,154,139,125,86 2170  Acetamide type compound

40.55 8704 880 619 295,253,224,183,127,95 2201  3,7,11,15-Tetramethyl-1-
hexadecanol

4170 166912 n/i n/i 194,166,138,124,96,70 2262  Acetoxymethoxy cinnamic acid
type derivative

43.19 34560 953 694 284,264,206,185,166,91 2343  Methyl eicosa-5,8,11,
14,17-pentaenoate

4554 106496 819 397 189,172,171,158,127,99 2471  1H-Pyrido 3,4-indole, 2,3,4,9-
tetrahydro-1-(1-methylethyl)

4595 95232 817 618 297,252,224,145,127,97 2493  1,3-Dioxolane-4-methanol, 2-
pentadecyl acetate

48.30 4608 n/i n/i 386,371,293,273,260,191 2619  Cholesterol derivative

49.27 8128 861 603 378,341,220,191,137,121 2669  Squalene 35

49.59 7360 n/i n/fi 327,277,249,207,178,129 2685  Benzene 1,1'-(2-methyl-2-
phenylthio) cyclopropylidene

52.07 4672 819 435 327,288,274,246,203,191 2804  17a-Hydroxy-androst-4-en-3-
one 44

5349 15360 830 544 398,309,263,191,177,163 2866  28-Nor-17B-(H)-hopane***45

54.57 14272 n/i  n/i  412,317,231,191,163,137 n/c 28-Nor-17B-(H)-hopane type
derivative***45§

5542 10240  n/i  n/i  386,368,353,273,213,159 n/c Cholesterol 32a

Large volume female trout urine - deconj’ted steroids, TIC = 6074475, sample identity = sue357

4.08 29696 795 725 87,78,71,69,55,41 n/c 2,3-Dimethyl 2-butene

1553 22016 833 803 109,108,107,90,77,65 n/c 4-Methyl phenol

20.97 430080 849 588 138,107,94,77,66 n/c Phenylphosphoric acid

21.87 12480 n/i nfi 208,141,99,70,56 1730  2-Butyldihydro-4-methyl 2(3H)
furanone

31.02 23040 865 767 228,185,171,143,129,73 1792  Tetradecanoic acidt

33.04 8896 790 667 264,242,199,171,143,129 1857  Pentadecanoic acid

3534 83968 779 699 256,227,213,185,171,157 1948  Hexadecanoic acidf

3697 42496 n/i  n/i  261,217,205,168,140,125 2022  4-Hydroxy-3-methoxy benzoic
acid type of compound

38.92 41472 849 727 284,264,241,199,185,129 2110  Octadecanoic acidt

40.27 6336 n/i  n/i 284,264,200,185,169,124 2200  cis-9-Octadecenoic acidt 38a

41.72 96256 818 414 195,194,166,138,124,70 2262  Acetoxymethoxy cinnamic acid
type compound

42.22 11392 927 634 310,292.,249,208,165,139 2290  9-Octadecenyl 9-hexadecenoate
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43.24 40704 958 736 273,206,166,145,133.119 2345  Methyl eicosa-5,8,11,14,17-
pentaenoate

45.54 128000 820 412  189,172,171,158,127,99 2471 1H-Pyrido 3.4-B indole, 2,3,4,9-
tetrahydro- 1-(1-methylethyl)

46.72 35584 940 724  241,192,152,131,11991 2535  Methyl eicosa-5.8,11,14,17
pentaenoate type compound

49.10 23552 n/i n/i__ 331.243.223,197,140,125 2660 Cholestane derivative

49.27 11136 504 719 357,341,218,137,81,69 2669  Squalene 35

49.35 7616 803 621 286,292,277,233,215,165 2672  3a,5a,17B-Androstane-3,17-diol
47

49.55 10688 776 530 357,316,290,257,247,220 2683 5B. 17B-Hydroxy-androstan-3-
one 48

50.34 36884 n/i n/i  290,231,185,155,153,139 2722 3-Octylmethyloxirane octanoate

50.72 39168 n/i  n/i  337,294,240,18,154,126 2741  9-Octadecenamide type
compound 38b

55.57 8128 n/i n/i__ 386,353,276,229,213,171 3080  Cholesterolt 32a

*kkx* related compounds, + confirmed by comparison to authentic standard, n/i = no library fit
available, n/c = not calculated

2.8.6 Electrospray analysis of female trout urine

A sample of freeze-dried urine was submitted for electrospray analysis by direct
injection and produced ions at m/z 549, 533, 413, 285, 263, 204, 171, 141 and 132 which
corresponds to masses of 548, 532, 412, 284, 262, 203, 170, 140 and 131.

Thawed urine (15 ml) was extracted with dichloromethane (3 x 2 ml) and subject to
SPE as previously described. The cartridges were eluted with methanol (2 x 3 ml) and
acetonitrile (2 x 2 ml). The methanol/acetonitrile extracts were flow evaporated (40°C) to a
limited volume (approx. 300 pul) . An LC-MS system was configured in APCI mode. The
system consisted of a Vydac C18 5u 150x4.2 column, two isocratic pumps, one to produce the
gradient (Perkin Elmer, 1 ml/min) and the other (Jasco 1 ml/min) connected to the analytical
column. The column eluant was monitored by a UV detector (Spectrophysics) at 254 nm prior
to MS analysis. The gradient was produced by low pressure mixing of the starting mobile
phase (12.5 % v/v acetonitrile/water containing 0.1 % acetic acid) with acetonitrile. The
injection volume was 100 ul. A combined nicotinamide 36 and testosterone 26 standard run
under these conditions gave peaks which eluted at 2.6 and 19.8 min respectively. The identity
of these peaks was confirmed by extracting the ions of these peaks which corresponded to
M+1 (molecular ion increased by 1, as species are protonated in APCI). A water blank
extracted and analysed under identical conditions did not produce any peaks.

The chromatogram of the extracted urine showed 7 peaks at 1.6, 2.2, 5.2, 6.2, 14.1,
15.1, 15.6,47.8 minutes. The peak at 1.6 min is the solvent front and the peak at 2.2 min elutes

on its tail. None of these peaks produced a mass spectrum as the responses were all very low.
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The mass spectrum of the peak at 47.8 min gave fragments at m/z 411, 179, 161,
corresponding to masses at 410, 178, 160: the TIC for this peak after background subtraction

was 5.51 x 10°, still a low response.

2.9 Roach samples
2.9.1 Extraction of roach samples

Samples of eggs and milt were obtained by handstripping from ripe mature roach fish
located in Titlesworth Reservoir, near Keele. Dr Mark Williams (Keele University) identified
the fish as roach (Rutilus rutilus) and performed the sample collection. The samples were
stored frozen until required for analysis.

Egg fluid (500 pl), eggs (5 g) and milt (500 pl) were extracted with dichloromethane
(3x 500 ul,3x2.5 mland 3 x 250 pul respectively). The samples were transferred to silanised
test tubes, flow evaporated and reconstituted in dichloromethane (100 pl). The samples were
analysed by GC-MS (Table 2.18), GC program (30(3) x 2.5 to 200(1) x 10 to 280(5), inj 280,
interface 300).

Table 2.18: Roach samples, retention times, TICs and significant ions

Ret. TIC Rev For Significant ions Identity
time, fit fit m/z
min

egg fluid, TIC = 562455, sample identity = sue255

55.89 1184 n/i n/i 313,145,124,117,97,71 Hexadecanoic acid TMS ester

64.20 544 632 390 340,145,129,117,99,73 cis-9-Octadecenoic acid TMS ester

75.44 16384 703 568  340,284,177,161,149,127 2,2'-Methylene bis
6-(1,1-dimethylethyl)-4-methyl phenol

80.29 1088 654 413  459,370,330,248,215,161 3B, 5-bis(Trimethylsiloxy)-Sa-
cholestane

82.10 2336 n/i n/i 387.302,274,159,145,105  Cholesterol derivative

Eges, TIC = 1404002, sample identity = sue256

48.02 3664 732 500  286,258,201,145,117,73  Tetradecanoic acid TMS ester
50.19 1216 n/i n/i 300,145,129,117,75,71  C,, fatty acid TMS ester
51.82 3648 n/i n/i 300,201,145,129,117,73  C|, fatty acid TMS ester
55.54 22528 613 280 314,195,132,115,73,71 Hexadecanoic acid TMS ester
56.15 11520 n/i n/i 314,257,201,145,117,73  C,, fatty acid TMS ester
59.77 2240 n/i n/i 329,271,208,145,129,75 _ C,, fatty acid TMS ester
63.67 4992 n/i n/i 356,282,242,233,129,97  cis-9-Octadecenoic acid TMS ester
70.14 2624 n/i n/i 384,172,134,117,105,91  C,, fatty acid TMS ester
71.32 12160 835 644  220,166,147,133,119,79  Methyl eicosa-5,8,11,14,17-
pentaenoate
75.36 7744 n/i n/i 185,145,119,105,79,73  Methyl eicosa-5,8,11,14,17-
pentaenoate type compound
77.14 6912 800 626  215,178,131,117,105,91  Methyl eicosa-5,8,11,14,17-
pentaenoate type compound
77.60 10560 755 626 231,136,121,93,81,69 Squalene 35
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80.40 20736 736 579  458,369,330,248,160,129
83.22 43008 n/i n/i 386,369,302,276,213,145

3B-(Trimethylsiloxy)-5a-cholestane
Cholesterol 32a

Milt, TIC = 1472526, sample identity = sue257

56.54 2320 n/i n/i 329,314,255,132,115,73  Hexadecanoic acid TMS ester

63.05 3424 n/i n/i 340,242,170,129,99,73 cis-9-Octadecenoic acid TMS ester

71.70 16384 801 548 248,220,192,166,14591  Methyl eicosa-5.8,11,14,17-
pentaenoate

77.59 38656 826 711 191,136,121,107,81,69 Squalene 35

78.62 2720 n/i n/i 369,354,248,213,147,105  Cholesterol derivative

80.20 7296 729 573 460,369,330,248,159,129  3B-(Trimethylsiloxy)-Sa-cholestane

83.36 7744 n/i n/i 388,354,302,255,133,105 Cholesterol type derivative

83.44 7168 n/i n/i 387,300,276,245,213,145  Cholesterol type derivative

84.32 6016 n/i n/i 388,354,302,274,145,107 Cholesterol type derivative

84.40 6784 n/i n/i 387.355.276,230,213.105  Cholesterol type derivative

n/i = no library fit available

2.9.2 Derivatisation of roach samples

The samples obtained from section 2.13.1 were subject to the derivatisation procedure
detailed in section 2.4.1. A steroid mix containing testosterone 26, 17a-hydroxyprogesterone
30a, Reichstein’s Substance 30b and cholesterol 32a was subject to the same procedure. The
samples were analysed by GC-MS (Table 2.19), GC program (75(3)x5to190(1)x2to(280(20)).

The steroid standard was found to contain the following compounds; ethanedioic acid
bis(TMS) ester, (4-methoxyphenoxy)trimethylsilane, an unidentified carboxylic acid TMS
ester, bis(trimethylsilyloxy)lacetic acid TMS ester, 2,2-dimethyl-3-(trimethylsilyloxy) butanoic
acid TMS ester, glycerol TMS ester and 3-bis(trimethylsilyl)amino-2-methyl propanoic acid

TMS ester. These peaks were discounted from all other samples.

Table 2.19: Derivatised roach samples, retention times, TICs and significant ions

Ret. TIC Rev For Significant ions Identity
time, fit fit m/z
min

Steroid standard, TIC = 48716500, sample identity = sue257

45.62 765952 n/i n/i 447,432,342,211,129,73 Testosterone TMS ester

5390 2736128 891 683 458,368,329,145,129,73  Cholesterol TMS ester

58.84 344064 n/i n/i 487,433,329,246,147,73 17a-Hydroxy-progesterone TMS ester
62.30 270336 n/i n/i 458,331,147,103,84,73 Reichstein’s Substance TMS ester

Derivatised egg fluid, TIC = 11409298, sample identity = sue260

3.18 76800 n/i n/i 233,218,190,147,103,73 Short chain, C, type acid TMS ester
3.22 194560 n/i n/i 295,233,218,190,147,73 Short chain C, type acid TMS ester
4.80 227328 n/i n/i 204,188,146,104,73 Short chain, C, type acid TMS ester
5.48 442368 733 613 232,217,191,147,75,73 Glyoxime bis(TMS) ester

6.32 54272 n/i n/i 158,147.142.116,75,73 Amino acid TMS derivative

6.82 56320 762 417 231,147,132,116,75,73 L-Asparagine tris(TMS) derivative
8.45 610304 n/i n/i 323,220,193,147,103,73 Glycerol TMS derivative§

8.83 214016 n/i n/i 220,193,177,147,103,73 C, type acid TMS ester

9.15 27648 n/i n/i 203,188,160,145.116,73 Unsaturated C; type acid TMS ester
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9.55 96256 /i n/i 247,232,147,117,75,73 C,, type acid TMS ester
11.30 130048 n/i n/i 206,174,147,130,00,73 Cadaverine TMS ester cf 50
12.48 46080 n/i n/i 190,179,164,150,136,107  2-Imino-3-ethyl benzothiazoline type
compound
13.97 107520 n/i n/i 191,147,130,103,75,73 Carboxylic acid TMS ester
14.73 43008 n/i n/i 333,244,217,188,147,73 Amino acid TMS derivative
15.20 48896  n/i n/i 357,254,191,147,131,73  Carboxylic acid TMS ester
1572 106496 n/i n/i 147,143,112,86,73 Unidentified
18.30 55040 n/i n/i 243,233,218,147,128,73  Unidentified amino acid TMS
derivative
19.00 41472 877 755 285,241,145,132,117,73 Tetradecanoic acid TMS ester
19.18 78848 848 748 317,201,153,129,117,73  Azelaic acid bisTMS ester
20.20 119808 827 742 319,218,205,147,103,73  Glucitol TMS ester
22.78 561152 869 781 329,313,145,132,117,73 Hexadecanoic acid TMS ester
23.78 49664 808 726 342,327,145,132,117,73 Heptadecanoic acid TMS ester
24.57 21760 n/i n/i 387,203,191,147,117,73  Saturated C,, fatty acid TMS ester
26.25 114688 n/i n/i 341,221,152,129,75,73 Octadecanoic acid TMS ester
30.77 17664 798 589 205,147,133,117,91,73 9,12,15-Octadecatrienoic acid TMS
ester
31.54 17920 825 540 175,133,117,91,75,73 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound
36.44 28672 n/i n/i 393,213,171,155,129,73  cis, cis-1,5,8-undecatriene-3,7-diol bis
TMS ester
36.70 133120 n/i n/i 484,427,249,233,177,73  Unidentified TMS derivative
52.57 61184 746 631 458,368,329,159,145,75  a-(Trimethylsiloxy)-cholest-5-ene
58.15 6912 n/i n/i 486,396,358,275,159.120  Cholesterol TMS ester
Derivatised ege extract, TIC = 32560990, sample identity = sue261
4.87 188416 n/i n/i 204,188,146,104,73 C, type acid TMS ester
5.55 339968 720 561 232,217,191,147,75,73 Glyoxime bis(TMS) ester
6.38 221184 n/i n/i 158,147,142,116,75,73 Amino acid TMS ester
6.97 221184 900 803 314,300,211,193,133,73  Tris (trimethylsilyl) phosphate
8.85 303104 n/i n/i 220,193,177,147,103,73  C, type acid TMS ester
9.60 716800 n/i n/i 247,232,147,117,75,73 C; type acid TMS ester
11.33 274432 929 735 191,174,155,147,100,73  Cadaverine tetra TMS cf 50
1470 154624 n/i n/i 333,244,217,188,147,73  Amino type TMS ester
15.67 557056 n/i n/i 147,112,86,73 Amine type TMS ester
18.25 155648 750 558 357,299,233,147,117,73  Phosphoric acid 2,3-bis (TMS) ester
18.98 847872 917 866 300,285,145,132,117,73  Tetradecanoic acid TMS ester
19.17 434176 846 n/i 317,217,201,152,129,73  Azelaic acid bis(TMS) ester
20.27 1540096 860 793 319,217,205,147,103,73  Glucitol, TMS ester
20.88 303104 899 753 314,299,145,132,117,73  1H-indole-2-carboxylic acid 1-
(TMS)-5-(TMS) ester
2195 112640 873 767 328,313.145,132.117,73  C,, fatty acid TMS ester
22.82 364544 n/i n/i 328,313,109,89,75 C,¢ fatty acid TMS ester
23.05 2654208 900 808 328,313,145,132,117,73  Hexadecanoic acid TMS ester
23.15 516096 955 n/i 311,236,145,129,117,73  Palmitelaidic acid TMS ester
23.37 73728 753 613 309,234,147,129,117,73  Palmitoleic acid TMS ester
23.80 593920 942 897 327,201145,132,117,73  C,, fatty acid TMS ester
24.02 421888 938 839 342,327,145,132,117,73 Heptadecanoic acid TMS ester
24.55 250880 n/i n/i 387,327,191,147,132,73  cis-9-Octadecenoic acid TMS ester
25.47 31488 649 477 401,341,244,147,129,73  Nonadecanoic acid TMS ester
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26.34 348160 n/i n/i 355,339,222,199,129.75 cis-9-Octadecenoic acid TMS ester

26.52 462848 743 622 354,339,264,145,129.117  C,; monounsaturated acid TMS ester

26.64 458752 n/i n/i 337,262,145,121,109,95 C,; monounsaturated acid TMS ester

26.92 53760 889 775 178,145,129,117,93,75 9,12,15-Octadecatrienoic acid TMS
ester

27.10 147456 944 845 335,163,145,129,117,75 9,12,15-Octadecatrienoic acid type
TMS ester

27.35 123904 n/i n/i 355,129,111,103,83,75 C., type acid TMS ester

28.24 33536 n/i n/i 413,355,236,203,117.86 C., type acid TMS ester

28.74 197632 903 818 387,315,299,217,147,73 myo-1,2.4,5.6-Pentakis-O-(TMS)-
inositol-3- phosphate cf 51

30.87 540672 n/i n/i 387,299,217,175,150,117  C,, type acid TMS ester

31.62 839680 n/i n/i 369,173,147,129,117,73 C,, type acid TMS ester

35.65 307200 n/i n/i 225,171,147,129,117,73 C., type acid TMS ester

36.10 34304 n/i n/i 217,161,147,133,117,73 Methyl eicosa-pentaenoate type
compound

36.57 240640 756 471 393,171,147,129,117,73  Unidentified benzylic TMS ester

37.20 544768 n/i n/i 215,173,131,117,105,91,  Methyl eicosa-pentaenoate type
compound

41.05 107520 n/i n/i 261,171,147,129,117,73  C,, fatty acid TMS ester

42.37 397312 n/i n/i 419,171,155,129,117,73 Glyceryl docosahexaenoate TMS
ester

42.99 36864 n/i n/i 261,171,131,117,91,73 C,, polyunsaturated fatty acid TMS
ester

45.32 251904 740 559 287,171,129,117,75,73 4-Trimethylsiloxycyclo-hexylacetate,
TMS ester

53.90 16384 944 818 367,329,274,171,133,95 3B-bis(Trimethylsiloxy) 5a cholestane

55.52 44544 879 647 368,329,213,147,129,73  3a~(TMS) cholest-5-ene

60.89 31232 n/i n/i 361,217,204,147,129,73  Cholesterol type TMS ester

Derivatised milt extract, TIC = 21592624, sample identity = sue262

3.93 643072 727 550 323,220,193,147,119,73  2-Phenyllactic acid bis(TMS) ester

4.62 111616 787 n/i 260,245,188,147,133,73  2-Butanedioic acid bis(TMS) ester

4.83 171008 n/i n/i 226,204,191,147,119,73  Short chain carboxylic acid TMS
ester

5.52 380928 n/i n/i 232,217,191,147,73 Glyoxime bis(TMS) ester

5.93 79872 735 467 292,221,174,147,86,93 Propanedioic acid (TMS)oxy-
bis(TMS) ester

6.33 138240 n/i n/i 158,144,116,102,73 Amino acid TMS ester

6.60 64256 n/i n/i 216,172,147,128,112,73  Butanoic acid 4-bis(TMS) amino-
TMS ester

6.92 174080 890 813 314,299,283,211,133,73  Tris (trimethylsilyl) phosphate

8.83 376832 n/i n/i 220,193,177,147,103,73  C, carboxylic acid TMS ester

9.12 20224 n/i n/i 245,203,188,146,116,75 Monounsaturated C, fatty acid TMS
ester

9.58 438272 n/i n/i 247,232,172,147,117,73  Trimethylsilyl 2,2-dimethyl-3-
(trimethylsilyloxy) butanoate

10.60 13504 n/i n/i 329,306,216,190,147,117  C, type carboxylic acid TMS ester

11.33 204800 953 741 229,174,155,131,100,73  Cadaverine tetra-TMS ester cf 50

11.60 11008 n/i n/i 237,209,188,170,146,73  Amino acid TMS ester

13.05 18432 n/i n/i 257,201,174.147.143.73 Phenylethanediamine TMS ester

13.97 92160 767 651 191,164,147,131,103,73  bis(TMS)oxyl-carboxylic acid TMS

ester
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14.25 29696 783 n/i 230,217,189,147,100,73  Glyoxime bis(TMS) ester

14.48 23296 n/i n/i 307,232,180,142,134,73  C, type carboxylic acid TMS ester

14.72 71680 n/i /i 217,203,156,147,101,73  C, type carboxylic acid TMS ester

15.22 73728 n/i n/i 254,191,147,130,73 C,, type carboxylic acid TMS ester

18.23 142336 851 715 357,315,233,147,101,73 Tetra (TMS) glycerol-1-O-phosphate

18.47 47616 n/i n/i 299,219,191,172,100,73  C,, carboxylic acid TMS ester

18.67 38144 = ni n/i 256,214,191,132,73 C,, carboxylic acid TMS ester

18.95 104448 929 870 285,145,132,117,73 Tetradecanoic acid TMS ester

19.17 102400 820 n/i 317,201,147,129,117,73  Azelaic acid bis(TMS) ester

20.03 16192 n/i n/i 299,244,145,129.117,73  C,, carboxylic acid TMS ester

20.40 16384 n/i n/i 244,181,149,124,117,73 C,; carboxylic acid TMS ester

20.88 30976 n/i n/i 310,299,145,132,117,73 C,; carboxylic acid TMS ester

22.85 1490944 941 841 328,313,145,132,117,73  Hexadecanoic acid TMS ester

23.02 36096 839 n/i 311,216,185,129,117,73  Monounsaturated C,, fatty acid TMS
ester

23.42 16640 n/i n/i 427,191,129,105,91,73 Palmitelaidic acid TMS ester

23.75 68608 905 820 342,327,145,132,117,73  Heptadecanoic acid TMS ester

23.99 25344 789 n/i 370,327,201,145,129,117  C,, acid TMS ester

24.07 27648 n/i n/i 217,167,147,130,117,73  Riboic acid 2,3,5 tris TMS ylactone

24.54 137216 n/i n/i 387,327,145,132,117,73  C,, fatty acid TMS ester

26.37 1114112 941 844 341,201,145,132,117.73 cis-9-Octadecenoic acid TMS ester

26.42 62976 n/i n/i 354,339,264,222,180,96, Monounsaturated C 4 fatty acid TMS
ester

26.55 83968 950 n/i 337,262,220129,117,73 9,12-Octadecadienoic acid TMS ester

27.05 64000 910 793 335,129,117,108,93,79 9,12,15-Octadecatrienoic acid TMS
ester

27.64 10752 n/i n/i 249.205,147,131,115,73  C,, fatty acid TMS ester

28.22 15488 n/i n/i 355,202,145,132,117,75  C,, fatty acid TMS ester

28.72 41728 719 n/i 315,299,217,147,73 1,2,4,5,6-Pentakis-O-(TMS) inositol,
phosphate cf 51

30.94 577536 n/i n/i 249,175,129,117,105,91 C,, polyunsaturated acid TMS ester

31.72 454656 860 717 201,173129,117,105,91 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

34.42 46592 851 n/i 371,239,205,147,129,73 1-Glyceryl hexadecanoate TMS ester

35.78 27392 n/i n/i 205,147,132,111,95,73 11-Eicosaenoic acid TMS ester

37.12 319488 875 709 201,133,129,117,105,91  Methyl eicosa-5,8,11,14,17-
pentaenoate

38.64 17920 n/i n/i 311,191,147,97,85,73 Polyunsaturated C,, fatty acid TMS
ester

39.19 19968 907 669 218,190,147,129,91,73 2-(Trimethylsilyl)oxy-1-
(trimethylsilyl)-9,12,15-
octadecatrienoic acid

39.97 35584 877 671 399,205,147,129,73 Glyceryl octadecanoate TMS ester

44.04 45056 n/i n/i 147,136,109,91,81,69 Squalene 35

45.69 17408 785 n/i 147,129,103,91,79,73 11,14-Eicosadienoic acid TMS ester

52.07 11648 n/i n/i 459,274,247,157,120,93  Cholesterol type TMS ester

53.05 262144 928 n/i 458,368,329,145,129 3B,5-bis(TMS)-5a-cholestane

54.12 192512 810 595  458,368,329,247,159,129  Cholesterol TMS ester

56.00 26880 918 n/i 368,329,213,145,129,73  3a~(TMS) cholest-5-ene

57.30 17152 n/i n/i 368,329,247,146,129,73  Cholesterol type TMS ester

57.97 14336 n/i n/i 368,329,247,146,129,73  Cholesterol type TMS ester

n/i = no library fit available
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2.9.3 Deconjugation and derivatisation of roach samples

The aqueous layer from the samples obtained from section 2.9.1 were treated with an
aliquot (2 ml) of B-glucuronidase stock solution (B-glucuronidase, type HP-2 from Helix
pomatia, 20 pg, in sodium acetate buffer, 10 ml, 0.1 M, pH 6.5). The samples were heated
(37°C, 30 min), extracted with dichloromethane (3 x 10 ml), derivatised as previously
described and analysed by GC-MS (Table 2.20), GC program (75(3)x5to190(1)x2t0280(10).

A sample of water was subjected to the procedure described above and produced a
series of 20 peaks (3.85, 5.25, 6.32, 6.82, 7.97, 8.43, 8.80, 9.55, 10.42, 11.30, 12.13, 13.90,
14.65, 18.88,22.68, 26.18, 38.40,41.35,43.87,44.35,47.39, 50.40, 53.42 min respectively).
Any peaks found in the test samples at these times were examined and if the spectra
corresponded with the peak in the blank, were deemed to be an artifact of the derivatisation

procedure and not considered further.

Table 2.20: Deconjugated, derivatised roach samples, retention times, TICs and
significant ions

Ret. TIC Rev  For Significant ions Identity
time, fit fit m/z
min

Derivatised fatty acid & cholesterol 32a standard, TIC = 95502648, sample identity = sue272

3.87 1097728 n/i n/i 218,203,187,147,113,73  Hexanoic acid TMS ester

10.89 1064960 n/i n/i 244,229,185,132,117,73  Decanoic acid TMS ester

15.63 1490944 823 726 272,257,145,132,117,75 Dodecanoic acid TMS ester
20.10 2293760 741 666 300,285,201,145,129,117 Tetradecanoic acid TMS ester
23.88 3145728 712 627 328,313.201,145,129.117 Hexadecanoic acid TMS ester
24.84 901120 892 762 387,327,191,145,132,117 Heptadecanoic acid TMS ester¥
27.02 1851392 836 700 356,341,145,132,117,73  Octadecanoic acid TMS ester
54.02 4161536 n/i n/i 458,367,328,145,129.73  Cholesterol TMS derivative

Deconjugated derivatised egg fluid, TIC = 289994528, sample identity = sue265

8.57 667648 642 397  321,219,177,146,102,73  Glycine TMS ester

1730 397312 n/i n/i 306,291,250,216,201,73  Cinnamic acid type TMS ester

19.08 741376 657 537  299,284,145,131,116,73  Tetradecanoic acid TMS estert

23.14 4177920 477 385 326,311,201,146,131,118 Hexadecanoic acid TMS estert

23.94 1081344 593 452  340,326,145,131,116,73  Heptadecanoic acid TMS estert

24.17 749568 657 480 341,326,201,145,131,116 C,, acid TMS estert

24.69 385024 n/i  n/i 388,340,325,145,131,116 C, carboxylic acid TMS ester

26.65 2949120 n/i n/i 354,339,146,133,116,73  cis-9-Octadecenoic acid TMS estert
26.72 634880 ni  n/i 355,340,199,132,109,95  C,, fatty acid TMS ester

27.55 749568 622 235  368,355,353,129,102,75  Unidentified TMS ester

31.07 417792 ni  nfi 385,206,175,128,116,91  Polyunsaturated C,, fatty acid TMS ester
31.87 765952 n/i n/i 306,237,199,131,116,91  Polyunsaturated C,, fatty acid TMS ester
3745 851968 n/i n/i 412,385,199,161,128,116 Unidentified

54.47 4177920 n/i  n/i  456,441,366,327,274,245 Cholesterol type TMS esterm

54.75 4177920  n/i  n/i  458,369,329.274,145,130 Cholesterol type TMS ester




54.94

790528

503

55

288  499.458.366,327,160,128 Cholesterol TMS estert

Deconjugugated derivatised eggs, TIC =298347200, sample identity = sue267

4.02 1622016 533 344  324,221,192,160,146,73  2-Methyl-2,3-bis(TMS)oxy propanoic
acid TMS ester

4.85 737280 n/i  nfi 294.217,204,148,116,73  Gluconic acid 2-methoximine TMS ester

7.57 1032192 n/i n/i 298,292,190,148,102,73  Amino acid type TMS ester

8.65 1753088 n/i n/i 324221,177,148,102,73  C, type acid TMS ester

19.15 937984 /i ni 299,284,144,133,118,73  Tetradecanoic acid TMS estert

2367 4177920 n/i n/i 326,313,269,202,131,116 Hexadecanoic acid TMS ester?

24.42 552960 /i nfi 342,328,242,157,116,73  C,; acid TMS ester

24 .95 186368 n/i nfi  384,327,203,190,147,117 Heptadecanoic acid TMS estert

27.02 1015808 n/i n/i  354,342,227,187,132,117 C,, fatty acid TMS ester

2735 4161536 647 428 356,342.339,133,117.75  Octadecanoic acid TMS estert

27.77 323584 n/i n/i  350,334,145,131,116,107 Monounsaturated C,; acid TMS ester

31.52 499712 n/i ni  375,364,206,147,129,116 Polyunsaturated C,; acid TMS ester

3225 540672 612 284 367,236,187,162,129,73  Prost-13-en-1-oic acid 9,11,15-tris TMS
ester

3532 831488 /i n/i  456,369,238,175,146,116  C; glyceride TMS ester

37.99 585728 n/i__n/i  468,410,383,145,116,73  Polyunsaturated C,, type acid TMS ester

53.75 112640 n/i n/i  458,368,354,327,245,129  Cholesterol type TMS ester

5427 253952 ni  ni  457,368,327,159,129,73  Cholesterol TMS estert

5442 4161536 635 364 456,441,366,354,274,121 24-Nor-22,23-methylenecholest-5-en-
3B-ol TMS esterm

54.80 4096000 519 222  458,369,330,255,130,73  3B,5a-Cholest-7-en-3-yloxy TMS ester

5485 4177920 558 229 458,368,353,327,255,130  3B,5B,6B-Cholestane-3,6-diyl bis(oxy)
TMS esterm

55.05 4177920 718 434 499,456,441,366,351,327 3PB,5a-Cholesta-8,24-dien-3-yl oxy TMS
ester®

5520 294912 /i  nfi 456,366,327,214,145,128  Cholesterol type TMS ester

55.32 4177920 628 374 499,459,366,352,327,121  3PB,5a-bis(TMS) 5Sa-Cholestane®

5549 4177920 651 399 499,456,368,327,160,121 24-Nor-22,23-methylenecholest-5-en-
3pB-ol type TMS esterm

55.69 4177920 589 320 499,459,369,352,327,129  3B,5a-bis(TMS) Sa-cholestane type
compound®

55.72 4177920 n/i n/i  502,458,368,327,255,130  Cholesterol type TMS esterm

5592 4177920 n/i n/i  500,455,369,327,147,130 Cholesterol type TMS estern

56.35 421888 n/i_ n/i  503,457,367,326,158,129 Cholesterol type TMS ester

Deconjugated derivatised milt, TIC = 66705828, sample identity = sue264

397 2523136 n/i  n/i  321,219,192,148,115,73  Succinic acid type TMS ester

6.05 278528 n/i n/i  292,260,220,187,173,147 Unknown TMS ester

7.05 663552 698 400 312,300,297,212,147,132  Tris (trimethylsilyl) phosphate

7.55 647168 564 335 291,268,221,190,146,129 Butanoic acid 4-ethylthio-2(TMS)-
amino, TMS ester

8.63 1392640 n/ii n/i 321,221,193,175,147,102 1,1,1 Trimethyl-2,4-TMS oxyphenyl
silamine

9.02 1196032 n/i n/i  221,194,176,146,102,73 Unknown TMS ester

9.20 311296 675 515 233,192,159,148,127,74  Hexanoic acid 2-(TMS)oxy-TMS ester

9.95 239616 ni ni  320,302,228,159,147,117 Unknown TMS ester

11.10 135168 n/i  n/i 328,292,248,220,147,73  C, type acid TMS ester

14.12 815104 ni  n/i 348,256,190,148,130,73  2-Methoxy phenylpentanoic acid TMS

ester
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15.10 417792 649 350 347,308,256,231.216,147  Tris (trimethylsilyl)-2-ketogluconic acid
oxime

16.02 225280 n/i n/i  264,243,207,163,150,136  Triethoxy ethyl silane

17.83 1605632  n/i n/i 276,261,245,161,130,73  Cyclopropanecarbonitrile,
(dimethylamino) phenyl

19.10 892928 n/i n/i 299,284,145,131,116,73  Tetradecanoic acid TMS estert

21.02 148480 n/i n/i  338,310,298,204,131,116 Pentadecanoic acid TMS ester

23.90 201728 n/i n/i  341,326,201,145,131,116 Hexadecanoic acid TMS estert

24.67 352256 774 503 388,341,326,145,132,116 Heptadecanoic acid TMS estert

26.63 3129344 661 448 354,339,201,144,131,116  cis-9-Octadecenoic acid TMS estert

31.14 839680 725 347 359,248,175145,129,116  11-Eicosenoic acid TMS ester

31.90 610304 n/i n/i  372,264,162,145,128,116 Docosahexaenoic acid TMS ester

33.29 397312 900 712 367,167,140,112,98,84 Decanedioic acid didecyl ester

33.97 132096 749 340 374,280,255,240,212,185  Abietic type acid TMS ester

3440 1245184  n/i n/i_ 372,355,253,238,171,128  Unidentified

36.12 438272 872 686  278,239,205,125,112,96  Decanedioic acid didecyl ester type
compound

37.37 356352 n/i n/i 411,385,223,173,116,91 >C,, Polyunsaturated fatty acid TMS
ester

39.09 548864 837 628 393,196,167,140,112,84  Decanedioic acid didecyl ester type
compound

42.19 458752 n/i n/i 406,350,280,209,168125  Triglyceride type compound

43.12 565248 n/i n/i  234,220,190,156,142,119 Unidentified aromatic

44.52 121856 n/i n/i  448,433,359,211,182,129  Androsta-3,5-dien-17-one bis (TMS) type
compound

53.30 226240 n/i n/i  458,368,327,156,130,119 Cholestane TMS ester

53.84 3080192 n/i n/i  458,367,327,245,145,128 Cholesterol, TMS ester

73.76 2834432 n/ n/i 529,488,310,206,124,110  Octadecyloxypropoxy octadecane

74.16 1769472  n/i n/i  516,474,310,206,166,110 Unidentified

75.72 160768 n/i n/i  490,310,251,219.140,111  Unidentified

¥ contaminant in fatty acid standard *tcorresponds to standard retention time and similar spectrum
umdetector overloaded, n/i = no library fit available

2.9.4 Solid phase extraction and derivatisation of roach samples

Eggs and milt were thawed and samples (10 ml and 2 ml respectively) taken from the
bulk. The samples were diluted with an equal volume of water. Two solid phase cartridges
(Sep Pac, C18, 1g) were taken and conditioned with methanol (2 x 2ml, 5 min resting). The
cartridges were washed with water (2 x 5 ml) and were not allowed to dry out at this stage.
The milt and aqueous fraction from the eggs was loaded onto the cartridges. The cartridges
were washed with water (5 ml) and eluted with ethanol (3 x 2ml) then aqueous ethanol (50/50
v/v, 3 x 2 ml). The samples were flow evaporated, reconstituted by mixing with water (5 ml)
and extracted with dichloromethane (2 x 10 ml) to remove the free steroids. The
dichloromethane was flow evaporated and reconstituted by vortex mixing with a further
aliquot of dichloromethane (200 pl). The samples were injected directly onto the GC-MS. The

samples were then derivatised as previously described and re-analysed by GC-MS. The
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aqueous layer was deconjugated as previously described, extracted with dichloromethane (2
x 10 ml), concentrated and reconstituted as previously described. The samples were analysed
by GC-MS (Table 2.21), GC program (100(3) x 5 t0190 (0.5) x 2.5 to 280(15), inj 280,
interface 300).

Table 2.21: SPE and derivatisation of roach samples, retention times, TICs and
significant ions

Ret. TIC Rev For Significant ions Identity
time, fit fit m/z
min

Milt SPE extracted free steroid, TIC = 4255604, sample identity = sue275

11.52 101376 915 707 140,113,97,83,73,55 6-Tridecene

14.00 9472 n/i n/i 228,185,129,117,87,73 Tetradecanoic acidt

18.12 157696 816 697 256,213,129,115,97,73 Hexadecanoic acidt

20.84 11648 n/i n/i 281,256,157,133,101,88  Methyl 2,4,6-trimethyl-11-
dodecenoate

21.54 33536 879 698 264,125,111,97,83,69 cis-9-Octadecenoic acidt 38a

23.87 61696 907 714 150,133,119,105,91,79 Methyl 5,8,11-heptadecatrienoate

24.50 98304 915 695 161,131,119,105,91,79 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

25.07 12416 906 702 207,175,133,119,105,91  8,11,14-Eicosatrienoic acid* 40

26.25 89088 n/i n/i 166,150,133,119,105,91  Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

27.04 153600 n/i n/i 166,147,133,119,105,91  Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

29.29 67584 n/i n/i 159,131,119,105,91,79 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

30.59 18176 n/i n/i 173,159,146,131,119,105 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

33.39 75776 804 712 109,91,79,71,58 Unidentified

36.17 53760 n/i n/i 136,121,109,95,81,69 Squalene 35

46.49 12544 n/i n/i 386,368,301,213,145,121  Cholesterol 32a

Milt SPE extracted derivatised free steroid, TIC =38242428, sample identity = sue278

3.43 48640 707 459 246,231,217,147,117,72  Trimethylsilyl 2,2-dimethyl-3-
(trimethylsilyloxy) butanoate

17.67 847872 691 424 314,270,201,131,116,72  Hexadecanoic acid TMS estert

18.40 51712 n/i n/i 328,295,221,147,117,73  Heptadecanoic acid TMS ester

21.10 121856 756 490 356,341,201,145,132,117  cis-9-Octadecenoic acid TMS estert

21.74 84992 887 641 335,189,145,129,108,93  9,12,15-Octatrienoic acid TMS ester

25.82 219136 n/i n/i  278,238,175,145,129,117 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

26.55 876544 n/i n/i 221,175,145,129,117,91  Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

27.72 33792 897 671  267,203,175,147,133,105 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

29.78 16192 818 403 295,252,204,147,83,73  Tritetracontane

31.04 389120 n/i n/i 201,175,145,129,107,91  Unidentified aromatic

31.82 48896 911 741 155,127,113,97,85,71,57  Tritetracontane

34.24 46848 n/i n/i 141,126,111,85,71,57 Unidentified >C,, alkane

36.27 125952 805 668 149,136,121,95,81,69 Squalene 35

36.79 14464 n/i n/i 221,147,111,97,85,71 Unidentified >C,, alkane
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37.59
39.50
42.59
44.57

22272

20736

12864
1753088

n/i
n/i
n/i
924

n/i
n/i
n/i
453

281,237,146,129,103,73

280,252,148,97,85,71,57
307,252,149,113,97,85

502,458,368,329,237,129

Monopalmitin TMS ester
Unidentified >C;,, alkane
Unidentified >C,, alkane
Cholesterol TMS ester

Milt SPE extracted deconjug’d derivatised steroid, TIC = 30844432, sample identity = sue282

3.52 140288 n/i n/i 160,146,116,104,74 Indole type derivative 1

7.18 121856 n/i n/i 185,131,116,100,75 Indole type derivative 2

12.52 294912 n/i n/i 270,194,147,89,73 Benzeneacetic acid
a-methyl-3-phenoxy TMS ester

17.48 593920 901 790  328,313,201,145,132,117 Hexadecanoic acid TMS estert

21.00 442368 854 877  356,341,201,145,132,117 _ cis-9-Octadecenoic acid TMS estert

25.05 145408 916 589  249,205,147,129,117,91  Eicosa-5,8,11,14-tetraenoic acid TMS
ester

25.70 72704 925 593 187,145,129,117,105,91  Methyl eicosa-5,8,11,14,17-
pentaenoate

26.94 64256 n/i n/i 256,239,147,112,83,70 Pyran-5-carboxylic acid derivative,
TMS ester

34.35 55296 950 715 167,149,111,99,85,71 Tritetracontane

34.77 66560 958 848 253,225,113,97,85,71 Pentatriacontane

39.32 63488 n/i n/i 197,149,127,99,85,71 Unidentified >C,, alkane

40.80 35840 n/i n/i 280,215,155,112,95 Cyclododecanone type derivative

42.05 31232 n/i n/i 217,183,167,111,95,85 Unidentified >C,, alkane

43.79 14912 n/i n/i 458,368,329,217,145 Cholesterol TMS ester

Ege SPE extracted free steroid, TIC = 3653633, sample identity = sue276

11.53 13440 n/i n/i 140,127,112,97,83,73 Dodecanol

14.08 34048 n/i n/i 227,185,129,97.87,73 Tetradecanoic acidt

16.08 16640 n/i n/i 271,241,143,126,100,87  Methyl 14-Methyl hexadecanoate

18.58 116736 827 502 255,213,157,129,115,97  Hexadecanoic acidt

19.08 50688 n/i n/i 271,185,153,129,106,97  C,, Monounsaturated acid methyl ester

19.82 14784 n/i n/i 271,185,143,126,109,97  C,; Acid methyl ester

21.77 22528 n/i n/i 285,208,129,111,96,83 cis-9-Octadecenoic acidt 38a

23.92 27136 892 622 175,150,133,119,105,91  Methyl 4,7,10-hexadecatrienoate*

24.57 29440 n/i /i 180,146,119,105,91,79 Polyunsaturated C,, acid methyl ester

26.32 32000 n/i n/i 166,150,133,119,105,91 Polyunsaturated C,; acid methyl ester

27.02 29952 n/i n/i 180,166,133,119,105,91 Polyunsaturated C,, acid methyl ester

29.40 82944 n/i n/i 173,145,131,117,105,91 Polyunsaturated C,, acid methyl ester

38.60 47872 n/i n/i 131,117,105,91,79,71,58  Aromatic alkane

46.47 4992 n/i n/i  387,369,302,248,158,107  Cholesterol 32a

Egg SPE extracted derivatised free steroid, TIC = 46860060, sample identity = sue279

5.02 246784 913 847 143,142,141,140,115,89  1-Methyl naphthalene
5.58 120832 n/i n/i 170,147,142,141,129,115  2- Methyl naphthalene
13.70 544768 791 629  285,201,145,132,117,73  Tetradecanoic acid TMS ester?
14.72 124928 n/i n/i 314,299,243,145,132,117 Pentadecanoic acid TMS ester
15.55 155648 880 693  314,299,145,132,129,117 1H-Indole-2-carboxylic acid 1-
(trimethylsily])-5-(TMS) ester
18.08 2801664 909 854  328,313,269,145,129,117 Hexadecanoic acid TMS ester¥
18.62 544768 922 796  342,327,185,145,132,117 Heptadecanoic acid TMS ester
19.33 274432 898 663  387,327,191,145,129,117 Octadecanoic acid TMS ester
21.42 802816 867 613 341,201,145,132,117,73  cis-9-Octadecenoic acid TMS ester
21.95 565248 968 788 355,173,145,129,108,95  9,12,15-Octatrienoic acid TMS ester
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23.32 176128 819 678  318,299,221,191,147,73  Inositol, 1,2,4,5,6-pentakis-O-
bis(trimethylsilyl) ester cf 51

2545 454656 n/i n/i 238,150,106,95,79,73 Polyunsaturated C,, fatty acid TMS
ester

26.30 851968 n/i n/i 369,215,175,147,117,91  Polyunsaturated C,, fatty acid TMS
ester

27.67 49920 894 675  267,203,147,133,105,91  Methyl eicosa-5,8,11,14,17-

pentaenoate

31.34 1228800 n/i n/i 201,161,132,108,91,75 Polyunsaturated C,, fatty acid TMS
ester

3488 290816 788 519 147,129,91,75,73 cis-1,8- Undecadien-5-yne 3,7-bis-
TMS ester

35.54 157696 902 652 173,145,129,117,91,73 Methyl eicosa-5,8,11,14,17-
pentaenoate type compound

36.89 33792 n/i n/i 308,261,197,147,103,85  Unidentified

37.67 39424 803 508 419,203,171,147,129,103  9-Octadecenoic acid 2-TMSoxy-1-
TMS ester

38.47 11968 n/i ni  392,287,219,171,131,103  Unidentified

3949 41984 n/i n/i 140,129,111,85,71,57 Unidentified >C,, alkane

43.62 65536 757 453  458,368,255,159,129,105  3o-(Trimethylsiloxy) cholest-5-ene
44.45 557056 742 499  458.368,329,159,129,105  Cholesterol TMS ester

Ege SPE extracted deconjug’d derivatised steroid, TIC = 27387120, sample identity = sue281

17.63 1343488 896 778  328,313,201,145,129,117 Hexadecanoic acid TMS estert

2098 262144 779 624  354,339,264,145,116,75  cis-9-Octadecenoic acid TMS estert
25.12 319488 n/i n/i 175,150,129,117,105,91  Polyunsaturated C,, acid TMS ester
25.77 225280 n/i n/i 175,150,129,117,105,91  Polyunsaturated C,, acid TMS ester

2697 118784 n/i n/i 256,239,129,112,83,70  Phosphonic acid [1-((2,2-
dimethylpropylidene)amino)ethyl]

TMS ester
36.80 133120 962 852 141,111,97,85,71,57 Tritetracontane
39.37 76800 n/i n/i 182,113,99,85,71,57 Unidentified >C,, alkane

40.90 46592 n/i n/i 357,215,129,112,93,83 Unidentified >C,, alkane
43.42 66560 630 436  458,368,255,159,129,105 3a-(Trimethylsiloxy) cholest-5-ene
44.67 20992 n/i n/i 458,368,329,159,129,105 Cholesterol TMS ester

*** similar spectra, likely to be related compounds, 1= confirmed by comparison to authentic standard,
n/i = no library fit available
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Chapter 3, Fish Discussion

3.1 Introduction

The aim of this project was to try and identify the pheromone associated with rainbow
trout spawning. Fatty acids and amines are common volatile components found in fish and
standards were run so that these could be excluded from the analysis. Testosterone 26 is potent

salmon odorant and was selected as an initial target for detection and quantification.

3.2 Analysis of standards
3.2.1 Kovats Indices standards

A series of alkane standards were analysed by GC-MS under a standard temperature
program to determine retention times. Plots of the known Kovats indices ( KI) of the alkanes
(carbon number x 100) against retention time (Fig 2.1), yielded the equation of the regression
line which was used to calculate the KIs of unknowns. Similarly a sequence of fatty acids were
run, the KI determined and these used to calculate the KI and retention times of homologues
(Fig 2.2, 2.3).For example the index for tetradecanoic acid is 1792, the KI for hexadecanoic
acid is 1948 so the index for pentadecanoic acid is approximately 1870 and can be used as an
extra confirmatory test with the spectral information. Excellent regression lines were obtained
and typical errors in KI were + 5. Unfortunately, under this set of run conditions, both C,
acids, stearic and oleic, co-eluted, but they could be distinguished by differences in their mass

fragmentation spectra.

3.2.2 Testosterone 26 calibration curve
The testosterone 26 standards were analysed by GC-MS and the detector response
plotted to produce a calibration curve (Fig 2.4) which was fitted to a second order equation (R?

=0.9865).

3.3 Solid phase extraction

To concentrate small amounts of hydrocarbons, such as steroids we elected to use solid
phase extraction with HPLC analysis. The recovery rate was measured using a test solution of
testosterone 26 with Sep Pac and Supelco, C18 solid phase extraction cartridges'™, eluted with
ethanol and ethanol/water. The recovery rates were 15.5 % and 76.0 % respectively. This
experiment was repeated, but the elution solvents were changed to aqueous methanol to try and

increase the testosterone 26 recovery, but the recoveries were identical to those before.
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3.4 Steroid Standards

A fatty acids standard (C,, - C,; and squalene) was analysed and used to construct a
Kovats Indices plot, the regression data was then used to calculate Kovats Indices for a steroid
standard (testosterone 26, 5B-androstan-3,17-dione 29, 17a-hydroxy-progesterone 30a, 4-
pregnen-17a, 20a-diol-3-one 31 and cholesterol 32a). The linear program ran to 50 minutes
and cholesterol with a retention time of 51.6 minutes was included in the Kovats calculation
to give an approximate value.

A series of steroids (testosterone 26, 5B-androstan-3,17-dione 29, 17a-hydroxy-
progesterone 30a, 4-pregnen-17a, 20a-diol-3-one 31 and Reichstein’s Substance 30b) were
selected which were structurally representative. Steroids are not particularly amenable to
analysis by GC-MS as they are relatively large and involatile, consequently they were
derivatised as the more volatile trimethylsilyl derivatives prior to GC-MS analysis'®”. The
ketone groups were converted to oximes with hydroxylammonium chloride in pyridine and
the hydroxyl groups were converted to silyl ethers with trimethylsilyl chloride and N,O-
bis(trimethylsilyl)acetamide’!. Trimethylsilyl reagents react readily with hydroxyl groups to
give more volatile and stable derivatives, but must be prepared under dry conditions. All five
steroids were successfully derivatised and were identified by GC-MS analysis. The addition
of the silyl groups does make identification of compounds more difficult as many are not in
commercial libraries, and deduction from first principles is hindered by the loss of the m/z 73

silyl groups.

30 31 4-Pregnen-17a,20a-diol-3-one
a R = H 17a-Hydroxyprogesterone
b R = OH Reichstein's Substance S

A A,

32 33
aR=H Cholesterql a R = CHj 2,6,10,14- tetramethylpentadecane; pristane
b R = acyl (fatty acid esters) b R = CH,CH; 2,6,10,14 tetramethylhexadecane; phytane
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3.5 Fishery samples
3.5.1 Extraction of raw water samples

The next step in the program was to determine the types of compounds which are
routinely present in natural waters used in the hatcheries and fisheries. The samples were
extracted using the SPE procedure described in section 2.3.2, using aqueous methanol as the
elution solvent. The samples were obtained from the hatcheries stocked and managed by
Bristol Water Plc. The outflow from the hatcheries contained a complex mixture of both
organic and inorganic parameters and the presence of such inorganic components and any
solid, suspended material can interfere with recovery. A testosterone 26 standard prepared in
water was similarly treated and comparison with a non-extracted standard gave a recovery of
48.5%, which was a little lower than those reported earlier.

The samples in this experiment were analysed by GC-MS and two peaks were detected
in the chromatogram. The earlier eluting peak was identified as a saturated hydrocarbon,
phytane 33b (2,4,6,10- tetramethylhexadecane, see section 2.2), from the mass spectrum: it is
a commonly occurring compound, often found in fish oils, but equally it could have been
derived from the pelleted fish food or from plant matter. The other peak in the chromatogram
was identified as a bis(2-ethylhexyl)phthalate ester 34 a notorious contaminant, used as a
plasticiser. The failure to detect more components is probably due to the high flow of water

through the fish farm and the consequent dilution of analytes.

3.5.2 Extraction of fish holding tanks at Blagdon site

We next investigated water taken from holding tanks, which was anticipated to contain
more metabolites. Samples 1, 3, 5, 7 (Fig. 2.5) were extracted using the solid phase method
whereas samples 2, 4, 6 were extracted using the liquid/liquid technique. A water sample and
sample 7 were spiked with testosterone 26 std (250 ul, 0.1 mg/ml) prior to extraction. Blanks
were also extracted using the same conditions. The testosterone 26 recovery from the fishery
sample was found to be 55.7%, a little lower than that found in the previous SPE method, the
reduced recovery may be explained by the presence of fine particulate material.

The compounds detected by both methods were very similar, most of which were also
detected in the water blanks, and could therefore be attributed to incidental contamination and
background. The most likely source for them was the dichloromethane, which was an HPLC
grade solvent and when samples of this grade were concentrated, they displayed a similar TIC.

Both extraction methods use a 1.0 L sample and concentrate to 100 pl, of which only

1 ul was injected. This is a concentration factor of 10 000 times, but only an analytical
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concentration of 100 fold, which was not sufficient to produce enough material to detect. In
studies of steroids and steroid glucuronides from holding water containing adult African
Catfish, the sample volume collected was 70 L after 24 hours with no through tank flow, and
this was concentrated down to just 2 L by freeze-drying before any form of extraction”.

The most obvious difference between the SPE and liquid/liquid extracts was that the
latter were more highly coloured. The source and nature of the coloured component(s) was not
identified, and it is likely to be an organic component as it was solvent extractable. The
samples were compared against the appropriate blank, and any peaks appearing in both
chromatograms were excluded. The liquid/liquid extracts were found only to contain bis(2-
ethylhexyl) phthalate 34. The SPE extracts were found to contain two peaks, which were
identified as phytane 33b and cholesterol 32a. No other peaks were detected, which confirmed
the organic purity of the water discharged through tanks containing 43 000 fish.

?CA |\F 0

34 bis(2-Ethylhexyl)phthalate 35 Squalene 36 Nicotinamide

MOH 37 Phytol

3.6 Extraction of rainbow trout tissue

It was decided to examine various parts of a fish to determine what types on
compounds could be detected. Although the actual sex of the fish was unknown, it is likely
that the fish was female because male fish become aggressive and rapidly loose condition with
damaged scales and fins during the breeding season, which makes them unattractive to
consumers and therefore the majority of farmed fish are female. The fish was separated into
3 duplicate sets of samples, skin mucus, abdominal organs and skin, with an additional single
sample of stomach contents.

Fatty acids are major metabolites from fish and we wished to identify the characteristic
profile from trout so that we could identify them in further analysis. One set of the samples
plus the stomach contents were prepared by extraction with saturated ammonium sulphate at

pH 1 with diethyl ether/ethanol solution and reconstituted in dichloromethane. Another set of
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are found in hydrocarbon fuels as well as fish liver oils; the internal organs contained only
phytane 33b whereas the skin extract contained pristane 33a as well in the ratio 1:15 in favour
of phytane 33b.

Pristane 33a, 2,6,10,14-tetramethylpentadecane, is a C,, alkane and is derived from
phytol 37, a C,, alcohol which is a component of chlorophyll. Phytane 33b, 2,6,10,14-
tetramethyl-hexadecane, is also a phytol derivative and both compounds are isoprenoids. The
relative amount of phytane 33b to pristane 33a in fish tissue has been suggested as a tool for

1'%, as have squalene 35 ratios relative to

determining hydrocarbon pollution after an oil spil
pristane 33a. Pristane 33a is reported as being the predominant hydrocarbon in marine salmon.
In contrast, in our study of freshwater trout, phytane 33b was the major hydrocarbon. Squalene
35 has been reported as a major component in trout livers'”’ , but in these tissue samples it was
relatively less abundant.

The range of fatty acids in our study is typical of those routinely determined in this
work and also with those reported (by Satué and Lopez) for the fatty acid composition in trout
livers who looked at sex based differences. They found that the relative proportion of mono-
unsaturated acids to total acid content was much higher in females, whereas the
polyunsaturated acids were higher in males. The saturated acids in the range C,, - C,, were
only slightly higher in males. The main unsaturated acids were C,¢, n-7, C;5,, n-9, C¢., n-7,
Ci5,0-6, Cyy n-9, Cyp, n-6, C,p5n-3, Cy, n-11, C,,.5 n-3, C,,, n-3. Of these, the predominant
male acids were C,,¢ n-3, C4, Ci5q -9, C5, 5 n-3, C,4, n-6 and the predominant female acids
were Cq, n-9, Cy6 n-3, Cig0, Cis05 Ci6 n-7 (Fig 3.2). The fatty acid which occurred in the
highest concentration was octadecenoic acid 38a and this was also found in the various tissue
samples examined in our studies.

6,9,12-Octadecatrienoic acid 39 (y-linolenic acid, GLA) is the precursor of dihomo-y
linolenic acid, which in turn is a precursor of monenoic prostaglandins (PGA-J)). 5,8,11,14-
Eicosatetraenoic acid 41 (arachidonic acid,) is the precursor of dienic prostaglandins (PGA-
J,). 5,8,11,14,17-Eicosapentaenoic acid 42 is an important polyunsaturated fatty acid of the
marine food chain and is a precursor of trienic prostaglandins (PGA-J,). It differs from
arachidonic acid 41 by the extra double bond between C,, and C,, and is isolated from cod

liver oil.
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class to which the compound belongs by identifying specific parts of the structure.

3.7 Repeat of fish extraction

3.7.1 Standard tissue extraction

A fresh fish was subjected to the same extraction and analysis as before ie two sets of samples
comprising of skin mucus, stomach contents, internal organs and skin were subject to
extraction at either neutral pH with dichloromethane or extraction at pH 1 with ammonium
acetate and diethyl ether/ethanol solution. This produced a duplicate set of extracts which, after
initial analysis, could be further manipulated.

The results for the samples extracted with ammonium acetate produced a wide range
of fatty acids and glycerides. Complex lipids such as those found in fats and waxes would have
high melting and boiling points so would be difficult to analyse by GC-MS and are usually
converted to more volatile esters such as the methyl esters, FAMEs, for analysis. Complex
lipids have ester linkages and typically are triacylglycerols, comprised of a glycerol backbone
with long chain carboxylic acids attached by these ester links. The ester bonds can be readily
hydrolysed to yield smaller molecules. Cholesterol 32a is classed as a simple lipid and has no
ester bonds, so cannot be hydrolysed in this fashion. Other important groups of lipids are
phospholipids and sphingolipids. Phospholipids are esters of phosphoric acid and many are
related to triacylglyercols, with the same glycerol backbone joined to two fatty acids and a
phosphoric acid group. Sphingolipids are different in that they have sphingosine or a
dihydroxyamine as the backbone in place of glycerol. We did not detected any phosphorous
containing compounds in our analysis, but we did detect some amines, such as 1,5-
pentadiamine and 2,2-dimethoxy-N-methyl ethanamine in the acid extracts of the internal
organs and skin respectively.

As rainbow trout are recognised as being “oily” fish, it would be expected that they
would contain a very high proportion of both simple and complex lipids and fatty acids. The
lipids and fats would be readily soluble in solvent and should extract directly into the
dichloromethane. However, fatty acid esters might not survive the acidic conditions employed
with the ether/ethanol extraction and would be converted to their respective acids and alcohols.
The acid conditions would ensure that most species would be fully protonated and therefore
more amenable to solvent dissolution. A wide range of fatty acids was identified for both
extraction techniques (Figs 3.4, 3.5).

Naturally occurring fatty acids whether saturated or unsaturated, all have an even

number of carbon atoms, and is a feature of the biosynthetic pathway. This observation raises
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The carboxylic acids detected were heavily influenced by the pH at extraction. The
samples extracted at neutral pH tended to produce large fatty acids in the range C,, - C,,,
whereas the acid extracts produced some very small acids, e.g. 2-methylbutanoic acid, as well

as the larger acids.

3.7.2 Acidification of dichloromethane extracts

The neutral extracts prepared in Section 2.7.1 were treated with dilute hydrochloric
acid and re-extracted with dichloromethane. The acid treatment was designed to ensure that
any basic material would not extract. The samples were compared pre- and post acid treatment
(Fig 3.6).

All the peaks present in the original stomach contents sample were present in the
acidified sample with the exception of the peak at 19.23 min. In the original sample, it was
tentatively identified as an ester of hexadecanoic acid, and this identification is supported by
its loss after acidification. The ester would have been cleaved to yield both the appropriate acid
(hexadecanoic acid) and the alcohol. The alcohol has not been detected under these conditions
but the relative proportion of hexadecanoic acid has increased.

Comparison of the skin scrape sample before and after treatment resulted in the loss
of all of the fatty acids, the cinnamate, benzenesulphonamide and hydroxytriphenyl stannane.
Hydroxytriphenylstannane is a pesticide used to treat blight in potatoes, and the acetate is used
as an algicide. The dodecanoate ester was unaffected as was the hexadecanol and cholesterol
32a. The fatty acid loss was unexpected, as was the order of magnitude drop in TIC, even
taking into account any dilution effects from the acid treatment. The acid treated skin sample,
in common with the skin scrape, lost all of the fatty acids, but left the fatty acid esters.

Comparison of the internal organ samples again showed an order of magnitude
reduction in TIC, but in this case the fatty acids were conserved. The main differences were
the appearance of dodecanol, and the loss of the methyl eicosapentaenoate type compound. As
previously discussed, esters will be cleaved by this process which would account for this latter
loss. The conservation of the octadecadienoic acid methyl ester may be due to either increased
stability and hence resistance to acid attack, or insufficient acid to completely degrade all the
ester present. The internal fatty strip in common with the internal organs conserved the fatty

acids, although with an apparent decrease in the relative amount of C,,.
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only two identifiable peaks, dimethylamine (N-methylmethanamine) and trimethylamine.
Although other peaks were detected in the concentrated samples, the amounts were too low
to give identifications. Studies have shown that compounds such as benzo-a-pyrene (BaP) are

first conjugated as sulphates and glucuronides, then excreted via the urine'®®

. Fish excrete only
some urea through urine, mostly it is excreted through the gills with ammonia. Teleost urine
is usually dilute and because the samples were collected via a catheter, water reabsorption in

the bladder had not taken place.

3.8.2 Dichloromethane extractions of trout urine

Solvent extraction of the urine under different pH conditions yielded more complex
results, although identifications were difficult due to the low TIC as a result of limited sample
volume. The female urine was found to contain squalene 35 as the most abundant component
and associated derivatives in all fractions. The basic fraction contained nothing other than
squalene and the acid extract showed only one other peak, a monounsaturated long chain (C,,)
alkene. The neutral extract was found to contain amides and an amine, an alcohol, and also
cholesterol 32a and cholesterol derivatives.

All the male trout urine samples again contained squalene 35. The basic sample also
gave a compound tentatively identified as 9-octadecenamide 38b and the acid sample gave a
lanostanone type compound. A series of C,, - C,; alkanes was identified, and the Cg and C,q

fatty acids were not detected in any of the other samples.

3.8.3 NMR analysis of freeze-dried urine

The freeze dried and deuterium oxide azeotroped urine gave a 'H-NMR spectrum in
D,O which indicated the presence of two components in the ratio circa 90:10, plus other minor
peaks. Signals from the minor component at 3 5.24 (d 3.8 Hz) and 6 4.66 (d 7.9 Hz) indicated
the a- and B-anomers of a pyranose with an equatorial group at the 2-position. There was also
a methyl doublet at 8 1.32 (d 6.9 Hz). The spectrum was not identical to 6-deoxyglucose,
which leaves the alternatives of 6-deoxy-allose and -galactose (cf 53). From comparison with
published data the minor component appears to be 3-O-methyl-6-deoxygalactose (3-O-methyl-
fucose, digitalose) 52, which is a common component of steroidal glycosides. The major
component only showed three peaks 3.68 (d J6.6); 3.4 (J6.6); 3.25 (tJ 6.5). The absence of
aldehydic, acetal or hydrate signals excluded a sugar and the simplicity of the couplings
indicated a symmetrical molecule. Comparison with authentic material showed the material

was mannitol 54.
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When CDCIl; was added to the NMR tube, no signals were seen other than hydrocarbons,

therefore no organic material in a solvent extractable form was present.

3.8.4 HPLC of trout urine

The aim of this experiment was to demonstrate that the active component from the
female urine could be separated by HPLC, and the bioassay would have identified which of
the fractions was active so that further purification and identification could be undertaken. The
methanol eluant from SPE extraction of female trout urine was chromatographed using an
acetonitrile gradient and produced eight peaks between 9 - 66 minutes. The eluant from the
HPLC was collected in 4 time fractions, but due to a short breeding season, bioassay was not
possible.

The NMR data from the previous section indicated that sugars might be present, so a
portion of the freeze-dried urine was acetylated and subject to HPLC. The urine sample
produced 25 peaks with retention times between 9 - 66 min, as seen in the SPE extract.
Although identification was not possible, this clearly demonstrates that female trout urine

contains many components.

3.8.5 Solvent extract and deconjugation of female trout urine

The HPLC results showed that many compounds are present in trout urine, but gave
no structural information so the presence of steroids could not be confirmed A solvent
extraction was performed to remove organic material, then the aqueous layer was treated with
glucuronidase solution and extracted with dichloromethane. This extract and the initial
dichloromethane extract were both analysed by GC-MS. Compounds which were found in
both extracts were suspected to be contaminants. The first solvent extract yielded two
alkoxyalcohols, an alkyl phosphate, an acetamide, an alkylthio cyclopropylidene, two 28-nor-
17 B -(H) hopane derivatives 45ab and 17a-hydroxy-androst-4-en-3-one (17-epi-testosterone)
44 as assigned from reverse library fit.

Hopanoids are produced by aerobic bacteria from the cyclization of squalene 35 to a
pentacyclic triterpenoid with a hopane skeleton. Prokaryote cells use hopanes in the cell walls

where eukaryotes use sterols'®

. Hopanes are frequently found in oil spills, in association with
pristane 33a and phytane 33b, and are often used as pollution markers.

The identification of 17-epi-testosterone 44, was very significant given that
testosterone 26 is described as a potent odourant in salmon and plausibly could have a

biological role with trout. The Kovats Index for 17-epi-testosterone 44 was 2804, which is
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