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388 is due to loss of CH;0O plus. TMSOH. Formation X
of the base peak at m/z 148 is rationalized in Scheme 0
1. The high abundance of this ion may be accounted
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ABSTRACT

A detailed mass spectrometric study was undertaken
to elucidate the genesis of ions produced in the electron
ionization mass spectra of prostaglandin derivatives of
the A. B, E and F families. Stable isotope derivatives,
metastable defocusing, accurate mass determinations
and low resolution mass spectra provided data to fa-
cilitate elucidation of the majority of ions occurring in
mass spectra of these four prostaglandin families. Dur-
ing this study two new prostaglandins, 19-hydroxy
PGE and 19-hydroxy PGE: were found and quantified
in human seminal fluid. A preliminary study was un-
dertaken to determine if any correlation exists between
endogenous levels of these two new prostaglandins and
human male infertility.

INTRODUCTION

Prostaglandins participate in a wide variety of physi-
ological processes (Samuelsson, 1976). Other metabo-
lites of arachidonic acid recently discovered, namely
prostacyclins (Dusting er al, 1977) and thromboxanes
(Hamberg et al, 1975), have extended to an even
greater degree the range of physiological processes in
which these arachidonic acid metabolites participate.
This detailed mass spectrometric fragmentation study
was undertaken to investigate in greater detail the mass
spectral genesis of various ions formed in the mass
spectra of trimethylsilyl and alkyloxime-trimethylsilyl
derivatives of prostaglandins A, B, E and F (Middle-
ditch er al, 1973).

Other workers have performed low resolution mass
spectral studies on alkyloxime-TMS ether-methyl esters
of prostaglandins (Green, 1969). In addition, structures
of many metabolites of arachidonic acid have been
elucidated by means of gas chromatography-mass spec-
trometric methods. (Wong et al, in press; Wong et al,
submitted) Also, even though radioimmunoassay tech-
niques have been employed to quantify primary prosta-
glandins, metabolites and other arachidonic acid metab-
olites (Granstrom et al, 1978), quantification by gas
chromatography-mass spectrometric methods offers the
assurance of combining a gas chromatography retention
time with monitoring a unique structurally significant
ion arising from the compound of interest. At the mini-
mum, quantification by gas chromatography-mass spec-
trometry methods should be performed once to establish
that the compound of interest is the one being quanti-
fied.

The current study was based on this extensive back-
ground of mass spectral studies. For the first time stable
isotope derivatives, metastable defocusing, accurate mass
determinations and low resolution mass spectra were
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combined in a concerted effort to rationalize the genesis
and structure of every ion occurring in the mass spectra
of alkyloxime-TMS ether, TMS ester derivatives of
prostaglandins. As a general rule this combination of
methods should be employed whenever feasible on a
class of compounds to provide a level of assurance
before investigating a presumed unknown member of
that family. As this manuscript will illustrate, collecting
background information of this type facilitates recog-
nition of, and subsequent structural elucidation of un-
known biologic compounds.

METHODS

TMS ester, TMS ether derivatives were synthesized by dis-
solving prostaglandins (100 pg) in N, O bis-trimethylsilyl tri-
fluoroacetamide (BSTFA, 100 ul) and allowing the solution to
stand at 50° for three hours. d,-TMS ester d,-TMS ether
derivatives were prepared by adding N, O, bis d,-TMS aceta-
mide (10 ul) to prostaglandins (100 pg) in dry pyridine (100
ul). Selectively labeled TMS ester, d,-TMS ether derivatives
were prepared by preferential on-column exchange of the more
labile ester TMS group during GC-MS: one ul of the do-TMS
ester, d-ether (1 pg) reaction mixture was injected onto the
GC column followed by injection of N-TMS imidazole (10 ul).
Ester TMS exchange took place to the extent of 40%-70%.
No exchange of ether TMS was observed. Alkyloxime TMS
derivatives were prepared by a two-stage method. Either
methoxyl or ethoxyl amine hydrochloride (1 ml) was added to
the prostaglandin (100 pg) in dry pyridine (250 1) and the
solution was allowed to stand at 50° overnight before being
blown (o dryness under nitrogen. Trimethylsilylation with
BSTFA was performed as above. GC-MS was carried out using
an LKB 9000 instrument fitted with 6" X 0.25” silinized glass
GC columns containing 1% SE30 on Gas Chrom Q (100-1_20
mesh). The column temperature was 200°; separator 250°; ion
source 250%; electron energy 22.5 or 40 eV; accelerating voltage
3.5 kV. High resolution spectra were obtained using a C
21-110B instrument with a resolution of 15-20,000 and an
electron energy of 70 eV. Samples were introduced using a
direct insertion probe. Spectra were recorded on Iford Q2
photoplates and measured using a Gaertner model M1205C
microdensitometer-linear comparator which, in turn, was cou-
pled to a PDP 8/1-BM 360-50 Data Reduction Sysiem. (De-
siderio et al, 1972).

RESULTS

PG A Mass Spectra

The alkyloxime derivatives of the PGA family pro-
duced two GC peaks, presumably due to formation of
syn-anti isomers. The mass spectrum of the methoxime-
TMS derivatives of PGA, (second GC peak) is given
in Figure |. The molecular ion occurs at m/z 509. Tl?e
methyl group involved in loss of 15 mass units orgl
nates from both ester and ether groups but not the
methoxyl group of the methoxime. The (M-31)" at
m/z 478 is due to loss of the O-methyl group from the
methoxime. (M-71)* occurs at m/z 438 and loss of 90
(TMSOH) from M *- produces m/z 419, the latter due
to ether and not ester TMS groups. The peak at m/Z

for by the structure shown in which charge is delo-
calized over nine atoms. Formation of the abundant ion
199 involves fragmentation of the C 12/13 bond with
concomittant cyclization followed by loss of acetylene
to form ion 173. (Scheme 2).

FIG. 1. The mass spectrum of methoxime-TMS deriva-
tives of PGA;.

SCHEME 1: Formation of ion at m/z 148 in the spec-
trum of methoxime-TMS ether-TMS ester PGA,.

SCHEME 2: Formation of ions at m/z 173 and 199 in
spectrum of methoxime-TMS ether-TMS ester PGA,.
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PGB Mass Spectra

Alkyloxime TMS PGBs display one GC peak in con-
trast to PGA and PGE derivatives. In addition, minimal
fragmentation occurs. In Figure 2, M* occurs at 507,
while (M-15)+ at m/z 478 comprises 37.5% of the
total ion current. This is an outstanding candidate for
selected ion monitoring for PGB, for example, after
methanolic KOH treatment of PGE.

FIG. 2. The mass spectrum of alkyloxime-TMS deriva-
tives of PGB.

! il s
= [ Jama Jmm

PGE Mass Spectra

Prostaglandins of the E series are widely distributed
in body fluids of man and of many other animals. The
1, 3 keto moiety of the ring of thesc compounds is
particularly unstable. Therefore, oxime-TMS deriva-
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m/e 173

tives were formed and the mass spectra of the resulting
pair of syn-anti isomers analyzed. The mass spectra of
the two PGE syn-anti isomers (Figures 3A, 3B) il-
lustrate the different qualitative effects that isomeriza-
tion provides upon EI fragmentation. The smaller
(25%) first GC peak contains many more fragment
ions than the second (75%) peak. The molecular ion
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occurs at m/z 597. Loss of a methyl group occurs only
from ether TMS groups; (M-31)* occurs at 566; no
metastable ion was found for (M-71)* indicating a
fragmentation process occurring more rapidly than
could be observed in psec; [M-TMSOH-CH30]" occurs
at 476. Long range interactions between TMS groups
on ether and ester functions provide ions at m/z 204,
217, and the base peak 133. (Middleditch et al, 1973)

FIG. 3A & 3B. The mass spectrum of oxime-TMS de-
1ivatives of two PGE syn-anti isomers.
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It is interesting to note that, in addition to the ion
structure for /n/z 199 and 173 rationalized in Scheme 2
containing only ether TMS groups, minor components
of different accurate mass, and thus elemental composi-
tion occurred containing ester TMS groups. Data in
Table 1 collect accurate mass, elemental composition
and stable isotope data for these ions occurring at nomi-
nal mass 199 and 173.

TABLE 1: Accurate mass, elemental composition and
isotope data for ions 199 and 173.

CgH,,0TMS® 199.1518 CgH,,0TMS* 173.1361
C;H;,0,TMS®  199.1154 C;H.O0,TMSP 173.0998
“cther stable ‘ester

PGF mass spectra
The mass spectrum of TMS ether, TMS ester PGF,

is given in Figure 4. The molecular ion occurs at m/z
644; (M—T71)* at 629 is due to loss of an ether TMS
methyl group. (M—71)* occurs at 573, (M—90)* at
544; further loss of 90 yields 464. Loss of 90 from
(M—31)* provides 539. Metastable defocusing data
for the base peak at 368 indicates five different proc-
esses contributing to this nominal mass. For example,
M" can lose the C;H,; side chain to produce 573
which either yields 368 directly or loses TMSOH to
produce 483 which then loses TMSOC,H, to produce
368. Other steps occur in various sequences. (Scheme
3)

FIG. 4. The mass spectrum of TMS ether, TMS ester
PGF,.

SCHEME 3: Metastable defocussing data rationalizing
fragmentations producing m/z 368 in TMS ether, TMS
ester PGF, .
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Chemical Ionization Data

Chemical jonization processes transfer less energy to
molecules of the compound under investigation and less
fragmentation occurs. Maximum structural information
is retained in the molecular ion region resulting in a
concomittant increase in sensitivity during quantification.
Data from CI studies employing reagent gases NH,

and (CHj), Si have been published. (Desiderio et al,
1973)

FIG. 5: The GC trace from silicic acid chromatography
of two new compounds.
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tion From Natural Sources

Ex’;’r:: preceeding work was performed to elucidate the
genesis Of significant ions in the mass spectra of prostag-
landins A, B, E and F, and was a necessary prelude to
various studies such as quantifying endogenous levels of
PGs by selected ion monitoring (SIM) methods z}nd
elucidation of structures of unknown 'prostaglandms.
The model system these GC-MS techquues were ap-
plied to was human seminal fluid, which contains the
highest concentration of prostag]am?ms kno_wn. To
avoid interconversion of prostagland!n.s, caution was
taken by freezing the sample and avoiding oxygen and
enzymatic interconversions (Jonsson ef al, 1975: Jons-
son et al, 1976). Silicic acid chromatography preceded
oxime formation and trimethylsilylation. The GC trace
(Figure 5) indicates four new peaks (corrf:spondm'g
to two new compounds, each compound forming a pair
of syn-anti isomers) eluting later than the PGEs. +The
spectrum (Figure 6) of compound 1A shows M* at
m/z 685, 88 mass units more than PGE-. Structurally
significant peaks occur at 117, 129 and 143 (Scheme
4). These data led to the structures 19-hydroxy PGE;,
and 19-hydroxy PGE, for the structures of.the two new
compounds found in human seminal ﬂuxd._(!opsson
et al, 1975; Jonsson et al, 1976) GC retention index
data corroborated location of the hydroxyl group on
C-19 vs. C-20.

The question arose why previous workers d.id not ﬁl:ld
19-hydroxy prostaglandins in human seminal _ﬂ}lld.
(Bygdeman, 1970) To provide an answer, we dx\tlded
a pooled seminal fluid sample into two equ_al portions.
One-half was allowed to metabolize at ambient labora-
tory conditions while the other half was frozen and
then extracted with the method described above. The
sample left at ambient temperature contained d_ecreased
levels of PGEs and 19-hydroxylated PGEs and increased
levels of PGA, PGB and 19-hydroxy PGA. On'the
other hand, the sample frozen immediately cqntamed
no PGA, PGB or 19-hydroxy PGA or PGB. This study
indicated for the first time the need to specially handle
biologic samples more carefully to avoid chemical and/
or enzymatic interconversions of PGEs and 19-OH
PGEs to corresponding PGAs, PGBs, 19-O0H PGAs
and 19-OH PGBs.

FIG. 6. The mass spectrum of compound 14.
SCHEME 4: Structure of ions at m/z 117, 129 and
143 from compound IA.
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Quantification of Prostaglandins in
Human Seminal Fluid .

A pilot study was undertaken to quantify concen-
trations of individual prostaglandins in thrAcc clinical
groups: fertile, azospermic and oligospermic male to
see if a correlation existed between the concentration
of individual PGs in these three clinical groups and
human male fertility. (Perry et al, 1979; Perry et al,
1978) An SIM trace is shown in Figure 7 for ions

N

QTM 5

m/g 143

+0TMS
m/ell?

monitored from the PGE, and PGE,; and their 19-OH
analogs. lon currents were monitored for structurally
significant ions of high relative abundance and at a

FIG. 7. SIM traces for ions monitored from PGE,
and PGE, and their 19-OH analogs.

LKB 9000 Equipped with AVA

aremess 581
s 25 190K PG,
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mass as close to M*- as possible. The following m/z
values were chosen for the five compounds quantified:

m/z 595 (M-90)* 190H PGE,
582 (M-15)* PGE,
597 (M-90)* 190H PGE,
584 (M-15)" PGE,
586 (M-15)* d,-PGE,

Relative response factors for these four prostaglan-
dins had to be determined before quantifying endoge-
nous levels of these compounds. Relative response fac-
tors are shown in Table 2. Concentrations of individual
prostaglandins determined by SIM are given in Table 3.
These data are more recent than, and do not qualita-
tively differ from, data previously published. (Perry
et al, 1978) It can be readily seen that standard devia-
tions for these measurements are quite high. However,
they are not due to the analytical method, which has
an error of approximately == 7%, but instead to bio-
logical variations.

TABLE 2: Relative Response Factors.

PGE, 0.96--0.07 n=12
PGE, 0.742-0.07 n=12
190H PGE, 0.7320.05 n=21
190H PGE, 0.73 (assumed value—no

synthetic compound available)

TABLE 3: Concentration (ug/ml) of individual PGs
determined in human seminal fluid of three clinical
groups.

# of
Sam-
E, E, 190HE; 190HE, ples
Fer-
tile 84.0263.2 58.0--38.8 138==100 3894275 10
Azosper-
mic 51.3255.4 61.6+59.1 67.1+32.2 199+136 4
Oligosper-

mic 24.4+12.6 35.5+22.7 29.5+19.2 133487 10

This preliminary study employed a small number of
samples (four in the azospermic group, ten in fertile
and oligospermic groups) but nevertheless provides suf-
ficient data to arrive at preliminary conclusions. Table 4
contains a statistical evaluation of the differences of
the average values of the data in Table 3.

TABLE 4: Statistical evaluation of the differences of
average values (t-test).

Degrees of

PGE 190H PGE Freedom
F/A 0.501 44% 1.337 88% 12
F/O 2.645 99% 3.082 99+% 18

A/O 1.387 84% 1.739 89% 12

matrix defined by the three clinical groups and two
types of PG families (PGE and 190H PGE). If no
differences existed in this comparison, no incentive ex-
ists for further study. However, a very interesting fact
emerges when fertile and oligospermic data are com-
pared (F/0). A t-test value of 2.645 is found and jn-
dicates a highly significant difference between the two
clinical groups. Additionally, 190H PGE values have
even a greater statistically significant difference, It is
clear that these two differences may be of great clinical
importance. While no fertility problems exist for fertile
men and it is obvious azospermic men are infertile, no
clinical explanation can be offered at this time for
infertility of oligospermic males. It becomes of crucial
importance to correlate, in an expanded study, data
similar to those in Table 3 (Conte er al. 1979; Taylor,
1979) with circulating gonadotropin hormone and an-
drogenic steroid levels.
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ABSTRACT

Males of a laboratory maintained population of the
dipteran Megaselia scalaris were observed to eclose
approximately four days prior to the females. The peak
male eclosion occurred on day three while the female
peak occurred on day seven. The smaller male larvae
pupated approximately two days earlier than female lar-
vae, and it appeared that male pupae eclosed earlier
than female pupae. An excess of male progeny was
recovered. The early eclosion of males coupled with
delayed mating suggests mechanisms which might re-
duce the incidence of inbreeding. We also confirm ob-
servations that females have greater longevity than do
males. The life history traits of larger size, longer de-
velopmental time and greater longevity may reflect a
greater reproductive burden cartied by the females.

INTRODUCTION

The dipteran fly Megaselia scalaris is geographically
widespread, being reported in 58 countries (James,
1947), and is found in a wide diversity of habitats. It
is characterized by a hunch-back appearance and rapid
jerky movements (Patton, 1922). There is marked sex-
ual dimorphism, females being approximately twice as
large as males (Semenza, 1953). They are known to
breed on decaying material (Brunetti, 1912; Patton,
1922), and Patton (1922) suggested they might be a
significant medical and veterinary problem in India be-
cause they produce myiasis. Priyanond et al (1973)
have reported a case of urethal obstruction caused by

larval infection. Patton (1922), Semenza (1953) and
Tumrasvin et al (1977) have recorded a number of
observations on the basic biology of the fly and Mainx
(1964) has reviewed its genetics, but little is known
of its natural history. The following study was under-
taken to examine the unusual eclosion pattern reported
by Semenza (1953) in which the males eclose earlier
than the females.

METHODS AND MATERIALS

A laboratory stock of Megaselia scalaris was established from

pupae collected from the sides of a container used to store

ical i in the b of the science building at

East Tennessee State University. Subsequent generations have

been maintained on a yeast, corn meal, sorghum-syrup, agar
Drosophila medium in one-half pint (232 ml) bottles.

Adult flies were placed on fresh food (approximately 85ml/
bottle) at 25°C and allowed to lay eggs for one to four days.
The eclosion pattern was determined by collecting newly
emerged flies twice daily, morning and afternoon, and recording
the number of each sex at each collection. In order to establish
the relation of the order of pupation to eclosion the position
and date of pupation of individual pupae were marked on the
side of the culture bottle, then the date of eclosion was re-
corded for each pupa as the flies emerged. Additional informa-
tion on eclosion times and patterns was obtained by collecting
white pupal cases and transferring them to fresh food in 8-dram
shell vials. White pupal cases were selected because their age
was known within four hours as it takes approximately four
hours for the pupal case to darken. Female containing pupal
cases are larger than male containing cases (Semenza, 1953),
but the pupal cases were taken at random without reference
to size. The eclosion period was measured from the day the first
fly emerged.




