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1. Introduction

In cthe previous report, we have demonstrated that the
sulfonamides wnich possess antifertility activity in che male rat
could be a simple sulfonamidz such as sulfanilamide (1).
Furthermore, the presence of a p-aminc or p-nitro group at the
benzene ring is regquired for the activivy (Z). Thus when the
p-amino group of sulfapyridine is deleted {N-2-pyridylkenzene
sulfonamide) or is replacesd by a methyl group (Z-p-toluene
benzene sulfonamido pyridine. PTSP) or o-nitro qroup
{(2-o-nitrobenzene sulfornamidc pyridine, OM3P), these compounds
are ineffective for suppression of fervility. On the other hand,
2-(p-nitrobenzene sulfonamiio} pyridine (PHSE} and Y7 -acetyl
sulfanilamide are as vpotent as sulfasalazine. In order to
substantiate these findings, 2-(4d-bromobenzene s.lfonamido)
pyridine, 2-(3-nitrobenzene sulfonanido) pyridine, IM' -H!'diethyl-
Nt -acetyl-sulfanilamide and 2-{(p-anino benzenesulfonylamnino)
pyridine have been synthesized. and the results of biciogical
testing of some of the compounds are described in this study.
The complete data from fertility testing of PTS®, ONSP and PNSP
are also included in this report.

Since the ©possible 2affact of sulfa drugs showing
antifertility activic in the male on the gonadal hormones is
still unclear, the effacr of sulfapyridine on serum testosterone
of the male rats has ween detzrmined (2). The results indicate
that sulfapyridine does nct interfere with the rtesticular
production of testosterone. However, whether sulfapyridine would
alter the responsivensss of the pituitary gland to gonadotropin
releasing hormone (GnRH) and the response of the Leydig cells to
the released LH enhanced by GnPh are unkn-wn. The present study
attempts to deliniate this question.

2. GCbjegtives

The aim of ths work includced in this raport are

(a) to synthesize some sulfapyridine analogs which lack
the p-amino group in their benzene rings and te synthesize scome
sulfanilamide analogs. in wnich the If! position 1s substituted by
an alkyl group,

(b} te test wh- ner tvhe cormpounds synthesized in  {a)
have any antifertility azei irty.

{c) to deliniate the possible affect of sulfapvridine
on the responsiveness of the pituitary giland and the Leydig cells
to GnRH,

(d) to develop =suitable methods or tests for
determining the function of epididymis on sperm maturation.

3. Materials and Methods

3.1 Fertility testing

Male rats of Fischer strain obtained from the Animal
House at the Faculty of Science, Mahidol University aged between
90-120 days were screenad for fertility capacity before grouping
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and drug treatments. Eash male waus housad with two virgin female
rats of the same strain aged 40-50 days in hanging cages with
free access to pellet feeds and wairer for one werk. The females
were then separated and k-pt for 2-14 daiy: at which time
pregnancy was examined atter sacrifice. 7The number of fetus and
corpus luteum were courted under a dissccting microsaopa. Per
cent fertility of the male was evaluated from the percentage of
the eggs successfully fertilized and the enkryvos implanced, i.e.,
numbers of fetuses over ccrpola lutea x LC0. Only the males
showing high percentage ferctility (greater than 30% in at least
one of the two females) were selecrted Zov further caperiments.

3.2 Collecticn of blocd samplcs

Blood samples were ccllected from either left or right
external jugular vein using aseptic conditions after the rats
were anesthetized wirth diethyvl cther. Blood samples were Kept
overnight in a rerfrigerator to allow completc ccaguiation, In
the following morning. the bhlood sarples were centrifuged ang
sera were separated and kept at -20°C for hormone assays.

3.3 Hormone assays

Testosterone was analyzed by EIA using tne method of

Resko et al. (3). Testosterone antibody (JAR #6) was obtained
from Dr. J.R. Resko of Oregon Regicnal Primate Research Center,
U.S.A. The sensitivaty of the assay was 10 pg/nl. Intra-and
interassay variation coefficients were 3.02% and 15.13%,
respectively.

3.4 Experimental prccedures

3J.4.1 Experiment 1 (Fertility testing of the synthetic

compounds)
Thirty nine maie rats were divided into 5 groups {(7-9
rats each) and were forced-fed with cither <corn oil, m-

diethylsulfanilamide (DES) cr HNi-acecyl-l:-dischylsuifanilamide
(ADES) at doses of 150 and 455 ng/ka (once daily) for 6 weeks. At
the end of weeks 1, 3, &5, 7 and 9 all control and treavad animals
Wwere subjected ¢to fervility testing as described above except
that the females were checked for vthe presence cf spermatozoa in
vagina smears denz cevery oxnlng after cohabitation so» as to
confirm mating with <the male. Therefcre, fertiiities of the
males at weeks 1, 3 and 5 during treatment and weeks 1 and 3
after the cessation of treutment were determined,

3.4.2 Expeiment 2 (Tie_responsiveness of the pituitary
gland and the testis to LH-RH)

Sizteen male rats with proven fertility were allocated
into 2 groups (8 rats each) and were forced-fed with either corn
0il or sulfapyridine at a dose of 450 mg/kg {once daily) for 6

weeks. At the end of weeks 1. 2 and &, all animals were
subjected to fertility testing as in Experimeuz 1. At the end of
treatment period (6 weeks)., the animals in both groups were

anesthetized with diethyl ether and 2-3 ml of blood samples were
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collected as described akove. Each animal then received a
Siibcutaneous - injection of 1¢ ug LH-RH {(Sigma Chemical, U.S.A.)
and were allowed to recover. Exactiy two nours after LH-RH
injection blood samples were collectaed again from the jugular
vein.

In order to reduce large variations ot blood
gonadotropins and testosterone due to diurnal rhythms, all blood
sample collections were made early in the afternoon as 1in
previous experiments.

3.5 Synthesis »f the proposed. compounds

3.5.1 2-({4-Bromecbenzene-suifor 1amido) pyridine

P

- .- - s .
» : 1 e e S \ - !
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4-Bromobenzenesulfonyl chloricde (5.4 g) was dissolved
in dichloromethane (40 ml) and cooled in ar ice bath. To the above
solution, a mixture of 2-aminopyridine in dichloromethane {20 ml)
and pyridine (2 m)) was added dropwise. 'The mixXture was stirred
at room temperature for 3 hrs then the orange suspension was

filtered and washed several times with cold water. The
precipitate was vrecrystallized from hot methanosl and white
amorphous so0lid was obtained (2.06 g, 33% yield). The product
was iddentified by its me lting point (203-204C), IR {Appendix

la), NMR (Appendix 1b) as well as elemental analysas
Calculation for C,iHoBrN20CzS : C = 42.19; H = 2.90; N = 8.94
Analysis : C = 41.92; H = 2.97: 4 = 9,01

3.5.2 2-(3-lidtro-benzenesulfonamidc)-pyridine

To 4.7 g of 3-nitrchenzene sulfonyl chloride in 30 cec.
of dichloronethane was added dropwvise with v1qcrou‘ly stirring on
an ice bath, a mixture of 2 g 2-amino-pyridine ir 20 c¢¢. of
dichloromerhane and 2 cc. pyridine. After 2 hrs, the precipitate
was filtered by vacuum filcration and washed 5ﬁ¢eral times with
cold water then recrystallized from hot methanol, pale yellow
amorphous solid was obtained, yield 1.56 a (27.9%). The product
was i1dentified by its melting point (228-229°C), IR (Appendix
2a), NMR (Appendix 2b) and elemental analysis.



Calculation for Ci1HoN304S : C = 47.31; H = 3.25: N = 15.05
Analysis : C = 47.70; H = 3.33; N = 14.96

3.5.3 N'N'-Diethyl-N%-acetylsulfanilamide
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To 5 cc. of diethylanine in 100 cc. three-necked flask,
equipped with a condenser and a mechanical stirrer, cooled to
0°C, was added 2 g of N-acetylbenzenesulfonyl chloride in small
portions with vigorous stirring. After the addition, about 20
cc. of water was added to the reaction mixture aid stirring was
continued until a homogeneous suspension was obtained. The
suspended product was filtered, friturated and washed several
times with cold water and recrystallized from methanol-water,
white amorphous solid was obtained,yield 1.0 g (82.6%). The
produced was identified by its melting point (60-62°C), IR
(Appendix 3a), NMR (Appendix 3b), mass spectrum {(Appendix 3¢) and
elemental analysis.

Calculation for Ci2HisOaNzS : C
Analysis : C = 53.21; H = 6.24;

53.33; H=6.71; N = 10.36
= 10.19.

N

3.5.4 2-(p-aminobenzenesulfonylanino) pyridine
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2-N*-Acetylsulfanilylaminopyridine (i g) was dissolved
in 12% sodium hydroxide in methanol (10 ml) with stirring at
ambient temperature for 1 hr. The mixture was carefully
neutralized with 6 N hydrochloric acid. The precipitate was then
filtered and recrystallized from hot methanol to give pale yvellow
amorphous solid (0.4 g, 53% yield), The product was identified by
its melting point (189-191°¢C), IR (Appendix 4a), NMR (Appendix
4b) and mass spectrum (Appendix 4c).

4. Results and Discussions

4.1 Fertility testing of the synthetic compounds

Table 1 shows the complete data on the effect of 3
sulfonamides on fertility including the recovery period (after
drug withdrawal) which were lacking in the previous report (2).
1t would appear that per cent fertility by weeks 1 and 3 after

9



drug withdrawal was not differant from the centrol. However,
compariscn within a group between before crearment and after drug
withdrawal indicates that per cent fertility is still
sigaificantly supgressed {PF<N.305) by week-1 after withdrawing
2-(p-nitrobenzz2nesulfamido; vridins (PNSTF, at a dose of 450
mg/kg, whereas the fertility is recorved as soon as Ly cne week
after withdrawing PNSP at a lowaer dosc.

Table 2 shows thz effect of DES and ADES on fertility
of the male rats. It should be nored that per cunt frrtility of
all groups before crezatmant wersa ralatively high in this series
series, o.L. (1) and (2}, in

of experiment <compared 1o crher o

addition, per .ent fercilicy wes slightly de-reased (F+<0.05) by
week 3 after feeding with corn o0il  in  the contrel aroup.
Furthermore, the nunker of sales that inserinaced the cohabited

females was also decreascd. The reascn for the reduction in
fertility of the control greup during this period 1s nor  knowr
However, it was noted that the bodv weialitz of thess animals
slightly decreased during 2-3 weeks after forced feeding with
corn oil.

It 15 apparent from Table 2
markedly suppressed  fertility of the male ADEZ is more
potent than DES. Thus, by week-5 after treatment with DES at
doses of 150 and 450 mg/ka ferc tility was Qazcreased to 37.8% and
22.8%, respectively. On =he o-her hard, a substantial reduction
in fertility occurred as sooun as one week and reached a nadir by
five weeks after treatmenrt with ADES ar both 150 mg/kg and 450

beth DES and  ADES
ts

mg/kg doses. The gotency cf ADEDS is cemparacle <. thoce of
sulfapyridine (see Table 3; and sulfanilamide. However, it ig

worth noting that all animals receiving ADES at a high dose were
suffeved from urinary tract infeccions and one of <them died
during <treatment (by week-5), whereas twoe of seven rats treated
with a lower dose were illeq. ¥ contrast, all animals were
healthy in the group treated with DES at low dose. but ons of
eight rats fed with high dose DES was illed and dead during
treatment (by weeji-3). The causes of illness and death are
unknown at present, but it 1a thought that this series of
compound may e toxic tc the urluary system since it caused an
early heraturia <feollcwer by <ligourza and dripping of urine.
Pathological lesions in these animals are be ¢inyg investigated.

4.2 The and
testis to LHRH

iveness _of the pirtutiary

.()

By cthe time of rhis repcit, hormone assays tfor Lh, FSH
prclactin and testosterone are still inconmplete. Only the latter
had been determined and the data are shown in Tablie 4. By 2 h
after LHRH stimulation, serum testosterone of the control rats

was elevated from 2.7+0.6 {n = 8) teo 17.7+1.% (1 o= 7T) ng/ml, a
6.5 folds increase from the basal itevel. On :he other hand, a
10.4 folds increase of sarum testosterons was found in the
sulfapyridine treated rats. Tiius, seérur testesterone was

enhanced from the basal value of 2.2+0.6 (n=7} to 22.9+0.9 (n=7)
ng/ml. It would appear that LHRH causecd a significantly (P<0.05)
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greater stimulation of the Leydig's cells in the sulfa-treated
animals compared to rhe tontrols. Since the serum concen<tratvion
of LH released in response to LHRH is not known, whether the
responsiveness of Leydig's cells to =ndegencus LH is altered by
sulfapyridine can net be speculated at present. The finding that
levels of basal serun testosterone in both control and treatment
groups are not different ceonfirss our previous dava (2).
However, these values as well as tne LHRH-induced serum
testosterone levels in the contrel group  in our study are
relatively lower than thoge crevicusly reporved by Hodgson and de
Krestser (7). These authors feound agproximately 9 folds increase
in serum testosterone by 2 h arter subcucansous injection of 1.0
ug LHRH in normal rats.

4.3 Develcpment_cf wethods

We have «tried ro develop methods for testing the
epididymal function of tne sulfa-treated and controsl animals.
This has proved rto te difficult since there a.e no standard
method available at present, However, several approaches have
been explored and ths preliminary results of which are summarized
below.

4.3.1 Sperm morphology

Testicular spermatozos and immature spermatozoa in the
caput epididymidis still retain their cytoplasmic droplets which
were attached to the neck reagion. These droplets move distally
and are lost when spermatozca enter the cauda epididymidis (3).
Thus, we axpected that ~vtoplasmic droplets wonld be present in
the caput epididymal sperm but not in the cauda epididymal sperm

oL rats. However. our preliminary experiment showed 60-70% of
the cauda epididvmal sperm from both sulfa treated and untreated
rats contained cytoplasmic dropiets, This test was therefore not
useful.

4.3.2 Sperm merilicy

There are several merthods for the assessment of sperm
motilicy (4, However, =sach imethod is suitable for only a
limited conditions, Direct visual observaction by using a
haematocyuvemater or a similar cnamber like a Makler cell seems to
be nmore versarile, Indeed, we have tested tne Makler cell with
the rat sperm burt spariy motility 4de-lined rapidly especially
after washing the spern with rat fercilizine medium. It is best
to determine sperm metilicy in the sannle freshlv removed from
the rat epididymis and without washing. Another method for

measurement of sperm morility is being tested by using a glass
slide and a cover slip wich a fixed depth of 25 um of the
solution containing sperm. This clearance for sperm movement is
selected such <that che sperm stili has freedom of movement yet
its path is always in focuz. Motility will be evaluated by both
subjective and objective mechods. The former is based on grading
system and the latter is measured interms of swimming speed after
multiple exposure photography. At present, we do not have
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sufficient information to evaluate the effect of gulfapyridine
treatment on sperm motilicy. To test the in vitro effect of
sulfapyridine is somewhat difficult due to poor water solutility
of the drug itvselr.

4.3.3 Sperm_surface _kindings

Changes in sperm surface, which include increases in
net nmnegative charge =nd cha "gﬂ“ in gurfac" preteins revealed by
binding with lectins or specific antigens, have been associated

,

with sperm maturacion ur1n~ their tlanslt through the epididymis

(3). The binding of epecifac antigens to sporm can be assessed
by using fluorescence wicrescopy and  selacted moncclonal
antibodies specific for thess antigens. Fre nary axperiments

r2sults  are  at best

of this approach have been done bur
unclear and nonguantitvartive.

4.3.4 Measurement of sperm surface SH groups

Spernm maturation has Leen shown t9  involve the
xidation of SH to $9 khends in the proteins of head and tail {3).
A method for quantitative measurement of the SH groups has been
worked cul by Dr. Ructh Schalgi's aroup. The preliminary
experiments have served to sgstandardize  the ma2thod. No
conclusions are available at presentc.

4.3.5 Epididymal secretion of carnjtine

It is known that in the presence of androgen, carnitine
is concentrated by the epididvmis and other acces scory glands (5
6). Attempts have bkesn nade to determines accumulation
of !14C-L-carnitine in the tpididymis and variosus ACCEeSSOry sex
organs of che male rats trearted wich sulfapyridine and control
animals. Preliminary experiments in non- treated rats showed high
level of radiocactivity in the epididymis as w=11 as in the
seminal vesicles and coagulating glands. Sufficient data en the
sulfa-treated animals have not ya2t been obtained to make any
conclusion.

4.4 synthe ls of the proposed compcunds

Z-{4-Bromepenzenesul fonamido) pyridine was synthesize
according to the developed procedurs previously described by the
reaction of d4-Bromobenzenesulfenyl chloride and o aminopyridine
using pyridine as a base in the condensatisn  reaction. The
product was purified by recrysrtaliization and rthe viecld of 33%
Wwas obtained. Similarly, 2-(3- -MNitrobenzenesulifonamido) pyridine
was obtained by the react“on cf 3-nitrobenzenzsulfonyl >hloride
and 2-aminopyridine in 28% vield. The product was alsc purified
by recrystaliization.

To direct from the old trend orf 4sing  2-aminopyridine
as the base moiety in the traditional sulfonamide drugs, we
gecided to synthesize and study the antifertility effect of
simple sulfonamide drugs lacking the aminopyridine moiscy. Our
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first ctarget in this series was direcred to the synthesis of
N!N! -diethyl-N*-acetylsulifanilamide which vas synthesized
directly by the reaction of H~acetylbenzenaesulfonyl chloride and
diethylamine. E¥cess of diecthylasine was usaed as a reacranc and
at the same time as a rase in this reaction. The praduct  was
obtained in good vield (32%) atteyr puvification by
recrystallization.

All the compsunds we have successfully synthesized have
peen fully characterized by various spectrescopic metheds (IK,
NMR and MS).

5. Corclusion and Remarks

in this report we have synthesized 4 mere compounds.
Two of which contains either broms or nitro substi<ution in the
benzene ring, and one compound has a diathyl group at the Nt
besition. Twe synthetic compounds (DES and ADES) hRave been tested

Lor possible antifertilicty acrivity. Thesc¢ corpounds markedly
suppressed fertilicy of the rale ravs and had petsncy ccemparable
to that of sulfapyridine or sulfanilamide. However, ADES appears

to have a toxnic effect on the urirary system of the animals. The
respensiveness of Leyldig's cells :=e endogencus Lid veleased after
LHRH frimulation has alse been investigated. A definite
conclusicn can not be made at present in view of the lack of data
concerning levels of serum LH.

In addition., we have done some preliminary experiments
to develop methods for studying the funcrion of the epididymis.
Although conclusiocns are norn presencly available, it would appear
that we may succeed in developing scnme of these methods for
practical uses later on.

6. Workplan for the next reporrving period

Three to four sulforamides having dimethyl and/or
diethyl substitution at the N9 position as well as 3- or
4-(benzenesulfonamido; pyridine will be synthesized. Fertility
testing of the compounds synthesized in thie and scmes in  the
next reporting period including lit-acecyl sulfapyridine will be
performed. Eifects of sulfapyridine on spermarvogenesis, sperm
motility epididymal sperm reserve. metabolisr and morphology of
the epididymal spermatczca will be studicd. In addicion, further
development of the methods for studying epididymal funztions will
be investigated.
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Table 1. The effect of some synthetic sulfonanides on fertility of the male rats.

Percentame rFertiiicy

Treatment Locse Befcre e e
group nG /gl treatment During trea=mant After drug withdrawal
wk-1 wWK—-3 wk-5 wk-1 wk-3
Control - 93.7+2.2 83.5+4.7 91.8+4. 82.3+7.6 83.8+5.6 81.3+8.5
{(g) (7) (7) (8} (3} {8)
PHSP 150 80.%+4.5 82.7+7.6 54.3+11.6*" -+ AC.S44.7Txr*. 4 61.1+10.9 72.3+12.8
7)) (7) {(7) (5} (7) (7)
450 91.5+3.8 §2.2+6.3 36.2+15.5% . £6.2+10.,7" 57.2+12.5" 82.0+8.5
{8} (4) {€) {7) {7) (7)
ONSP 150 8L.7+3.06 £2.3+5.0 75.5413.9 S7.2+1.6 SZ.1+4.% 71.6+8.9
7 {7} {7) {5) (7) (7)
4590 32.5+42.2 9.7+2.5 70.6+12.4 852.445.9 81.4+10 83.0+46.7
(8) (7) (5} (8) £8) (2)
PTSP 150 95.542.5 87.1+7.3 80.0+6.8 92.6+7.4 84.9+6.9 68.4+14.6
7 'S) (35) {6) {6) {7)
450 94.0+3.0 93.7+3.2 55.0+3.0 89.4+46.9 T7.7+4.65¢ 71.2+13.4
7) {(6) (7) (7) (7} (7)

Values are mean + SEM (n}

*P<0.05; **P<0.0l; ***P<0.001 when compared to the corresponding period in the centrol
group {(t—-test).

*P<0.05; **P<0.001 when compared to rhe centrol pericd (before treatment) within a
group (t-test). ’
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Table 2. The effect of s .:e synthetic sulfonamides on fertility of the male rats.

Percentage Fertility

Treatment Dose Bzfcre o e s
group {mg/kg) trecaTmentc During treatment Af .er drug withdrawal
wk-1 wk=-3 wk-% wk-1 wk-2
Control - 9E.1+2.3 §9.5+4.4 63.5+18.0* 9E5.3+2.2 - -
{9) {3) (%) {7
DES 150 S7.6+1.6 60.5+19.6 59.1+20.0 37.8+18,1**-+? - -
{7) {6) (6) (4}
450 25.5+2.7 50.39+24.5 51.9+4.8 Z2.8+43. 1 e - -
{8) {3) {3} {5) )
ADES 15¢ §5.6+2.2 44.2+20.5% -+ 47 .&8+17.0*" 30.9+9 .25 * - v - -
{(7) {5) {6) {5)
450 92.5+1.0 73.8+9.7*¢ 11.3+5.8*-** 21.0+11.6*** 2+ - -
(&) {S (73 (3)

Values are mean + SEM (ni

*P<0.CB; **P<C.01l; ***P<0.001 when comjared t:~ the corresponding peried in the control
group (t-test).

*P<0.05; - P<0.001; *-*P<(.001 when compared to the control period (before treatment)
within a group (t-test).

|G
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Tabls 3. Fertility of

the male rats to be tested for their responsiveness

to LHRH.
Percentage Fercility
Treatment Dose
group (mg/kg) Berfore During treatment
treatment wk-1 wk-3 wk-5
Cantrol - 96.5+1.4 81.9+1.9 85.8+2.4 78.5+9.6
(38) (3) (4) (5)
Sulfapyridine 450 90.7+2.3 91.2+2.7 32.4+7.8~ 14.3+411.9**
(8} (5) (4) (5)

Values are mean + SEM (n)
*P<0.01; **P<0.001 when compared to the corresponding period of the control

group.

|7
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Table 4. The effect of LH-RH on serum testosterone of sulfapyridine
treated male rats.

Treatment Serum tesfggterone (ng/ml1) fold
group - increase
Before 2-hr after LH-RH

Control 2.7+0.6 17.7+1.9 6.5

(8) {7)
Sulfapyridine 2.2%0.6 22.9+0.9* 10.4
(450 ng/kg for (7) (7)
6 weeks)

Values are mean + SEM (n)
“P<0.05 when compared to the control group,

[€



/

WSy
|
J
APPEN DI X

e e

1600

1800

—sé}m} '@}

~ MICRONS

Vo -
HIE -1
—

9

PORDIG L

TIME CONSTANT .

MULTIPLIELR

SLIT PROGIRAM .
SCANTIME . . ..

204C s



X 4

- APPEN
i "'\:r;

e e 4 g VP RAy

oy

\..

~ //™\ o
—— o, \ v Aw
2 o - -~ - . . - —
5 = TI8TTE N . ]
- )
et e e S B
E ‘m, _

VPO by P rapiys

5

[ B |

| T O I T

RN

1

[ T |

¢

9

.-

Aol R Wrl """"'"rﬁr'\m"' .

LI I/ et

CrUrCrnD Tinar

QDEATRIIRA ARNADI


http:i'130,i'.15

TN
— SL_JZ. NH

Vel

dIXK 2 a

'
'
'
1
!
i
"
i
1

APPEN

)

ST oROGRAM

=P

ORDINATE

CAN TIME
MULTIBLIER

-
)

FIME CONSTANT

N
15

2|




“
)
DK
o)
) 2
15
o~
. .
. Sy — )
> S S~ w |
A= " i -_
B
.._l|_4
i
:
Jo
I
P
Ton )
d -
- «...,,m.
1072
lﬂmwm
1%
BIPY. o




A1 11 1 1 0111 to g ] 11 IIIWLIJ!EI 'llllil‘ll:)I—lHl':u --.Itxll.lllnlllllllll ‘
WRHH I TR A 1 il N |
T , REERRERRRER RN .
1 — 1 L _,__: cr;L}- -
r . - N ; ] i
: H N RENREE! i B 4 r\- - t _'_ 4. _7! ' }
n 1311 BEREE A N \- ! : i
] \80 I HIEHIEY g P ALY I ‘ |
8 1] “Lﬂ u\ \ 1T | ; |
SERRENN 70 L
1] }U.:;;;J" z e !
R ] T !
P LI H 60 p \ .
THA ] i b \ur J | X
- . 1] -qn:{f - ‘:,io | : .'
P HA 1 B | f
: ] i -] 1 . ’ s I i
L L] no < i . H ! : 'A'
i T Hil - ! o P ' ‘ -
THRHTHT M « ] | 3 I g ol
sinain il aik - ! S { ' !
: L +H : ?. !0 i : : . \ ! APPE(\I .(SIX :‘3 ._a':
HH HEdisieki : | b l h 5 ‘ :
HH ‘-r'?,:rj;':h;_,;“ : ; ‘ : g i % : i‘
Ny 10 RS s e A S I B RS B
5000 4400 4000}_‘_3600 3200 2800 2400 2000 1900 1800 1700 1600 1500 1400 1300 120G 1109 it ., ' LEVL R Y V11 B PR VU R |
DATE SPECTRAL-CONDITION EXPANSIGN SMME T CP_y5-D i /!
W S I3) | v | WA, sLr-wioTh A% 112510 KM SALLPLILG-METHOD e g ot -(o/\—co] M
(G{OFERATOR 1 HAN ABS TR T RTAATION N
N SCERTRATI ™ S 9
Nown2 |3 |  SCAN SPEED v 3 125102050100 [soiveny » _ CRRE O
i o D P e T s B e e T S T T s




LEd

(SR

—

[

I TiIare

NN

PR Ty peb P Skt o

(N |

o
CDEATODIAA Anam

Lt it g

-+ 1

VoLt




SAMPLESEP=15-111 271 JUNE 88
NOTE :458-1 EI,78Y,38@UA.CHAMB. TEMP.10@
BASE PEAK : M/E 188.8 INT. 568.6

APPENDIY 3 c.

N

1804 _

20.00

INTENSITY
1

@— ‘rrnilrmvoun!....'ll‘...l'.,.‘...,....,.'...,.r. |""l""l""l""l"'j";i‘ l""ll:"ﬁ/‘g'@o

Se 160 150 200 o ME

S

6>



—

ttidilinly

1
I
11
B
1

!

t
2
=

1
1
<
—
T3 1T ; 3
T ¢ T
Tt T
? T T T
- L i T ’ .
; N - s ] 1K R
M IR KRN IR 3 EN s t -
RES I EARE EEER B e pa -
V] il Lt ot by . j
T T A BRE EEEEE ERR
i - 1 :
o e 'R 0 .
]
1
[N
1
\
—l
il
=

|
1t
v
|
'ix
5‘,.1.
THHHH - Al 3 B -EAEE R=ane T .
RN ANERERHESEENRaEE) R EEE] ’ ETHI=s s
N v, o ] 113 ’ ] |
i o ENS z SRFSE==lE AlHHE =
R EHAr It - HIHEH A J-A S S e
| i i | 14 { - 4= [ RE Y 3 (DI S8 Jum 0 S i o - -1 +V -
BAHBHHHINY ! ' - ambe b SREER I EE = IRl R b N HE
CEEELILATI I LR U N = G R EER = EFELE
: Ay i K 1. A A = e o o § 1o ] hmarngn T
| f L [ e R R
I i ! ABEE ﬁ: CE .Tff: AEITTENEY 1A i EE HIS
‘ ' 11i 1 1 ARER TEH S EE TR B RS - =T
SHHHHE | 11 LN ERIE|ISERRAERER RN Hs=d ES ] -
e 1 A3 S E R WA S i 3 o et 2
i " L o AL R Ini=aE R H S0 2
2 i . U THENE U BN A -
{ ' RN HEES ES - =B g o o e ol -
' - .. -

i
Yl fittt

¥

"

Tt

Ti{rid

!

]

1 T

V1,1

t1]
[

!

] +
T
11
1

1
IREREN!
1
1
—
—
14
1
¥
1

. m Y ) T T T
00 4400 4000 3%04 3230 2800 2400 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 ‘900 800 -700: ""600‘3& 5t00 ,;_.‘ 00 33l
g g 1.

DATE SPECTAAT-EoserTy EXPAHSION SAMPLE .. cp- 13T
.".tti*‘-f

19%0%5] | 1 | WAY. SLIT-vTH 9 1 A SAMPLING-METHOD - CY
nn?pnﬂﬂ a 'nE.,T, T T.ni z 123510 WA CELL-LENGTH v - WJ RS I

""




T 2 ot St Lo e T e T e i . e R

i ]
]
) R —
LN TN T N0 T T T I T T

S'Oz__ NH

o>
>

t
‘

M~
Do

J O I O TR I A I l [

| ARPEN DI X

O U T T Y B Y

(|

[ S T O T O O

G T I B

[ tai L Fﬂ‘l’*ﬂ1»*!'»‘-’1':-"'1--'4—‘!-‘ U 00 1O W O O BN




hT .

SAMPLE:GP-13. M.P.189. § MAR 88.
BASE PEAK : M/E 184.@ INT. 566.9

LAPPEn V1K 4C

N

1808 _
] Ny ~7 -5 —nn 20,06
] X201.0

o B

'—

—t

wn

Z -

78]

Toadl (LARRE SALLE WARLE RAARS LAALS iy ARAS B l“] e ! T "i/"a‘GG

50 108 150 260 2o e



