- 401 M étmt, S, |
M:lngtm. D.C. 20460

'Re: OPTS 41012 BH-FRL 2462-1,
Chemicals to be reviewed by the
Toxic Substances Act Interagency
Testing Conmittee; Request for
Information (48 FR 51519, November 9, 1983)

Dear Mr. Greif:

GAF Oorporation (GAF), a basic chemical manufacturer, is thglajo: ,
" U.S. producer of 2-Pyrrolidinone (CAS #616-45-5), and is providing @
these comments and data in response to the request for information on
the inclusion of 2-Pyrrolidinone among cardidates for possible
Tecamendation to the Mministrator of the U.S. M vironmental
~ Protection Agency (EPA), to be given priority consideration for the
pramulgation of testing rules pursuant to Section 4(a) of TSCA.

According to the scoring sheet detailing the results of the Fifth
ITC Scoring Exercise, 2-Pyrrolidinone was designated as “"No expermental
evidence, but no reason for suspicion,” for Mutagenicity,
Carcinogenicity, Reproductive effects, Biozccumulation, and Environ-
mental effects. 2-Pyrrolidinone was designated as, "Needs testing;
markedly suspect based on possible functional relationship to known
teratogen” for teratogenicity, and as "Needs testing; some reason for
suspicion” for Other Toxic Rffects. MAXitionally, envirommental
exposure indices of 0.51 (occ), 0.33 (GP), and 0.33 (ECO) were
assigned,




GAF believes that sufficient data dnes exist to remove
2-Pyrrolidinone fram the 1983 List of Chamicals, and that exposure has
Lzen crerestimatsC,

Altnough over 10,000,000 1lbs. of 2-Pyrrolidinone were prcduc:d in
the U.S. during 1983, it should be designated as a 'Chemical of low
exposure potential.' Fully 94% of this prodiction is utilized by GAF
for the syntheses of N-substituted analogues and their polymers, an’
should, therefore, be considered as a site limited intermediate. Less
than 2% is actually sold in the U.S., and over half of this is for a
pharmaceutical application. This regulated use, outside the EPA's
jurisdiction, cannot result in general population erposure. Of the
remaining material, an insignificant amount (less than 0.255)
ultimately finds its way out of an occupational setting ir*c: chose uses
listed in the Effects Information Profile (floor waxes asxd  inks),
2-Pyrrolidinone should not have made the working list based on this
volume,

2-Pyrrolidinone is an endogenous chemical and found as a natural
constituent of foods (1-5). The available toxicity data coupled with
the extensive data zuailable on Meibetituted analegues, aul indicate a
low level of concern for 2-Pyrrolidinone. Indeed, this low level is
reflected in the scores given by the ITC's fifth scoring exercise. The
two areas questioned have been adequately investigated, as discussed
later, and no significant toxicity demonstrated.

GAF respectfully submits that a sufficiently detailed
toxacological profile already exists for thc volume and application of
2-Pyrrolidinone, and that this material should be dropped from further
consideration.




: ', i in tha u.s. and is, therefore, in a position
to make accurau estinates oi exposure. Although more than
- '10,000.000 1bs. ave pzoduceu annually, 94% is used as a site
“limited intermediate. Of the remaining, over 5% is exported or
- used in FDA regulated products outside of EPA jurisdiction.
 Thus, less than 0.5% is used in EPA regulated areas. G.F
estimates that one-half of this is used as a solvent in an
_industraal setting, and one-half in consumer products.

A. Occupational Exposure

2-Pyrrolidinone is manufactured and processed by
GAF in entirely closed systems — partially under

- positive pressure, and partially under vacuum
conditions. Because of the closed processing,
occupation's exposure to 2-Pyrrolidinon: is limited
to the filling of containers, sampling, and equipment
naintenance, Less than 2% enploy. es are dircctly
involved in the manufacture or downstream processing
of 2-pPyrrolidinone. Were each operator, lab employee,
maintenance and warehouse worker to be included, the
total still would not exceed 300.

B. General Population Exposure

General population exposure to this product is quite
low. Only 30,000 lbs, of the total production of
2-Pyirolidinone is sold into areas where the general
population could be exposed. The remainder is site
limited for the production of downstream products,
used in pharmaceuticals with no general consumer
exposure, or as an industrial solvent.




C. BEmwirommental Exposure

The fraction of 2-pPyrrolidinone released to the environ-
ment is insignificant. Potential release po..; s 2re
monitored during production to assure the absence of
2-pyrrolidincie.

Reaction residues remaining ar. 3{:~harge? to either
waste dis; cal wells, or treated in an activated sludge
treament plant. Reactor cleaning water is similarly
routed to the respective trea'ment systems.

In summary, the Envirommentai & oosure *o “2-overolidinone is minor.
The closed process, limited number of employee potential exposure, the
sound operational practices, and the primary use as a site limited
intermediate, support the designation of lower level exposure potential
and should not have resulted in selection of 2-Pyrrolidinone for
biological effects scoring.

II. Bic&gjcal Effects

The data available to GAF aidd supplied as part of this submission,

sufficiently support 2-Pyrrolidinone as presenting a low hazard

potential for which sufficient data already exists.
A/B. Mutagenicity/Carcinogenicity

2-Pyrrclidinone was given a score of -1 for both
categories, indicating no experimental data, but no
veason for suspicion. GAF agrees that there is no
tearon for suspicion. 2-Pyrrolidinone is an endogencus
caepound isclated fram mouse brains, and shown to be a
metabolite of putresane, which is a precursor of spermi-
dine and spermine (3). In addition, 2-Pyrrolidinone is
both a precursor and a metabolite of ¥-amino butyric




5). 2-Pyrrolidinone is found as a

~foods, as well (2). These data

' sugt;sst that the “lack of suspicion" is highly reliable.
~ The lack of specific data should not be considered a
'negative point in an area wiere therc is no reasonab’e
anticipation of activity. Additionally, GAF Oorporation has
“an extensive background in N-substituted pyrrol idinones.
Phamuookinetic data support the N-dealkylation to fom
}Py:tolidimne as the metabolic pathway (6). In vitro
mutagenicity batteries on these materizls show no activity
for these materials (7).

Teratogenicity

2-Pyrrolidinone was given a numerical score of -2
indicating "needs testing." 2-Pyrrolidinone has been
tested for teratogenic effects in mice by interperitoneal
and oral adrinistration, and in rats after oral adminis-
tration (8).

In the first suxy. NMRY mice wzre exposed to the test
agent intraperitoneally or orally fram the 11th-15th day

of pregunancy. On the 10th day, all treated and untroated
mice were sacrificed, the uteri ramoved, the implation and
fetal resorption sites recorded, the number of live and
dead fetuses, and their body lengths recorded, ard weight
and sex were detemmined. The fetuses were then subjected

to gross and microscopic examination,
I.P.

™™o test groups consisting of 14 dames each received

grade dose levels of 2-Pyrrolidinone on the 11lth to 15th
day post coitum for a total of 5 injections. The high dose
group received a dose equivalent to one-half the ALD,, and




the low dose group received a dose equivalent tc one-fifth
the AIDSO (1750 mg/kg and 700 mg/kg respectively). Each
group was compared to an individual untreated control. The
resorption rate was increased in both test groups (10.8%
and 6.8% increase ower control respectively), but no
difference was evident for fetus weight, lerig i\, or number
of runts. The mmber of deformities, at 2.4% and 2.9%,

was a small increase over cun.vols of 1.4% and 0.8%, but
no other deformities were seen in camparison to controls.

These changes, however, are attributable to non specific
effects associated with this route of zdminictration. The
increase in cleft palates is a krown spontaneous i=forrity
in the mice used, and is a function of stress and ambieni
conditionc

Cral:

Again, two test groups of 12 and 13 dames received doses
corresponding to one-half and one-fifth of the oral LD50
(2900 mg/kg and 1160 mg/kg, respectively).

These doses were well tolerated. The only deviations fram
control are not considered biologically significant.

In sumary, 2-Pyrrolidinone has an embryotoxic effect at
these doses, but should not be .onsidered as presenting
any teratogenic hazard based on these studies in mice.

In a third study, 20 Sprague-Dawley rats were given an oral
dose of 1700 cm3/kg daily from the 6th-15th day post
coitum. The 10 doses were well tolerated and no dose
related effects were observed. It was, therefore,
concluded that 2-Pyrrolidinone did not demonstrate a
teratogenic effect in rats.




d.on Midltl. R-Pyrrolidim shauld bere-
n!ven a o for tontogemcity.

: mptodwt:lve Bffects :

B 2—151:011(1 m was givcn a score of -1 indicating
"‘M testing, no reasor for suspicion.” GAF agrees
that there is no reason for suspicion, but feels there
is also no need £ testing., The teratogenicity study run
in two species clearly indizales that reproductive
effects are not seen. Again, GAF mairtains that not
conducting a specific assay which both experimental
and literature data indicate as vrnecessary, and for
which there is no reasonable suspicion, should not be
given a negative connotation.

Acute Toxicity

2-Fyrollidinone was given a score of 0, designating this
material as very slightly toxic. GAF agrees with this
designation,

wbchronic and Other Toxic Effects

2-Pyrrolidinone was given a =core of -2, indicating
*Needs testing; same reason iur suspicion." GAF dcas
not believe suhchronic testing is necessary, or would
yield any significant data. Again, *-Pvrrolidinone is
an endogenous chemical whose uncycl'ized congener GAp "
is well studied. Subchronic studies are availacle on
N-methylpyrrolidone (NMP), whose probable metubolism
ylelds 2-Pyrrolidinone (6). When NMP was fec to
wistar-derived rats at levels up to 5000 ppe of their
diet, no biologically significant differences between
the test group and controls were cbserved. An EPA




svalution of this data resulted in a conclusion that the
no effect level in male and female rats was 1000 pom (9) .

A similar study run on Charles River mice showed only
statistically significant, but bio_ogically irrelevant
changes in spleen weight at the highest dose (2500 pgm)
for females, ani at the two highest levels for the males
(1000, 2500 ppm). No histopathologic changes were noted
in the spleen, nor in any tissue examined.

When male and female heagle dogs were exposed to NMP at
levels of 25, 79, and 250 mg/kg, no statistically sig-
nificant treatment-related effects were seen in any
paraveter examined (10).

Application of a 100 fold safety fzctor for chance in
structure would still result in a score of 0 for 2-
Pyrrolidinone following the ITC scoring criteria.

Although the specific areas for which the scoziny team has
exprossed “same reason for suspicion” are mot knon to GAF.
it is felt that the applications of the 2-P/rrolidinors,

do not support the need for additional testing (19).
Biocaccumulation potential

2-pyrrolidinone was given a score of -1, indicating "o
data; biocaccumulation not expected." GAF agrees with this
assessment. Measurements made on the N-vinyl analogue
following a single IV injection, yielded a haif-iife for
intact campound in the p! ‘ama of 1.y hrs (6). Addition-
ally, 2-Pyrrolidinone ic completely miscible in water.
These data suggest a score of 9 is more reflective of the

bio-accumulation potential.




: 2-Pytrolidim was given a score of -1, iu‘licatirg again
© "No data; but no resson for mspicmn. However, data
- -does exist in ‘the literature which show 2-Pyrrelicdinone
-~ to-be readily biocdegradable, and to tave a low degres of
- aquatic toxicity (11).

BOD,/C0D = 0.720 and BOD, (acclimated) was equal to 1.39.

Aquatic toxicity assays show 2-Pyrrolidinone vo have ro

. effect on the algae Selenastrim capricornutum when tested

_at levels as high as 100 mg/l. Additionally, the aguatic
u:so for the crustacean Daphnia magna was determined to be
3.4 mg/1, and the U:so for the Fish Pimephales pramelas

- was greater than 1C0 mg/1.

Following the scoring system, 2-"vrrolidinone should be
gwen a 0 based on thase data.

I: conclusior, GAF believes that 2-Pyrrolidiucre should not be
recamiended (o the Adninistrator of the U.S. EPA for cromulaation of
testing rules pursuant to Section 4(a) of TSCA, as it .s a ssall voluwe
chemical in coweerce and has a sufficiently detailed toxicological
profile available to demonstrate its safety for its limited uses.

Sincerely vours,

474.,.@7

J. N. Ansell, Ph.D.
Manager, Rejulatory Science
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FLUE-C R. L
ESSENCE AND ESSENTIAL OIL COMPONENTS'

In a continuing invertigation of tobacco constituents, a chiloroform extract of aged
flue-cured tobacco was examined. The extract after removal of the bases was molecularly
distilled o provide 3 “flue-cured essence.” The flue-cured essence was separated by dis-
tillation and chromatography. isolation of the essence components was accomplished by
gas chromatography on paced columns. Individual GC peaks were trapped and identifiad
by comparison with IR, NM& and/or mass spectra and GC retention times of authentic
samoles when available. - )

in a second study, an essential oil, obtained by extraction of the condensate from
steaming of fluecured tobacco, was investigated. Migh-resolution glass capillary gas
chromatography was employed to separate the complex fractions obtained by column
chrcmatography of the essential oil. The effiuent from the capillary columns was passed
directly i'to 8 mass spectrometer for stuctural analysis. Identifications were made from
fnass yhectra and in almos. all cases were confirmed by comparison of GC retention
t mes te those of authentic samples.

A total of 323 compounec was idenlified in flue-cured tcbacco. CFf these 275 have not
Bedl Bevi tly  ortsd 30 flue-cured constiluents, and 132 are new tr 2 chares types.
B3 pre gty wfreported in the Bteratery nun v UL ttertifier _reounds
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INTRODUCTION

In recent years there has been considerable work on
idating the constituents of various types of tobacco.
St- ’s review (37) listed a large number of tobacco
ist._ .¢s. More recently, Roberts and Rhode (30), and
Demole and Berthet, (7,8) have published isolation
studies on burlev tobacco. Likewise, Schumacher and
Vestal (35) and Kimland, Aasen ¢t al., (14, 21-24)
have reported extensive investigations of Turkish and
Greek tobaccos.

In this paper we are reporting the results of a thor-
ouxa swudy of the volatile components of a nigh quality
il flue-cured tobacco. The two materials studied. an extract
of flue-cured tobacco and an essential oil from steamisg
fluecured tobacco, possessed the characteristic flue-
cured flavor; their breakdown was undertaken to better
understand the nature of the fluecured tobacco flavor.

METHODS AND INSTRUMENTATION

Gas chromatographic separations were carried out
on Varian Aerograph 2800 series instruments equipped
for flame ionization or thermal conductivity detection,
and subambient temperature programming. Packed col-
umn gas chromatography was carried out on 2 mm i.d. x
10 ft giass columns (Varian) packed with 155 FFAP
or 10% QOV-101 batch coated (11} on 100-120 mesh
Chromosorb W-AWDMCS (Applied Science Laborato-
ries) which had been previously fluidized in a hot nitro-
§en stream to remove fines. Surface preparation of glass
capillary columns was carried out by variations of the
methods of Grob (13) and Novotny (25, 26). Columns

ted by the dynamic method (26) with 10%
or SF-96 in toluene and 105 FFAP in meth-

t Presrwied ot the CORESTA Symporium rory. Momtrewr, Switserland.
Sr{ta-h- 2227, 1974. Contribution recoived September 8, 2978; Tob. Sci.
XX: ¢i=32. 2926,

f Tobaceo Science §8)

»

Varian 1700 and 2800 gas chromatographs were cou-
pled directly to a Varian Mat CH-5 Mass Spectrometer.
Glass capillary analyses were carried out without a sep-
arator with the column effluent split approximately 1:1
to the mass spectrometer and to atmospheric vent.

EXPERIMENTAL

Investigation of a Flue-Cured Tobacco Extract

The chloroform extract obtained from 829 b of cig-
arette cut B4F flue-cured tobacco (1967 South Carolina
crop) was partitioned against 2% sulfurie acid to re-
move the bases and alkaloids. The base-free extract
conicentrate (19.8 '0) was molecularly distilled to yield
ce. 580 g of flue .ured essence. Crystalline scopeletin
was removed from the essence by certrifugation. Figure

"1 disgrams the separation scheme for the essence,

The components of the fractions shown in Figure 1
were separated by repetitive liquid column and gas
chromatography and characterized by their spectral
properties.

All compounds identified from the essence are indi-
cated in Table 2.

The following thirteen compounds have nect been pre-
viously reported in the literature. They were isolated
from flue-cured tobacco essence obtained as deseribed
and identified by spectral methods. Spectral data are
given for each compound.

1,9-Dimethy!-12-isopropyl-5-methylene-3,8,13-cyclotet-
radecatrien-1-01 (53)

MS: MW 288; 41(100), 54(50), 43(47), 91(34),
81(83) .

IR: 38450, 1600, 1257, 966, 880 cm- .

NMR: &85.83(4), 5.55(1), 4.98(2), 2.30(2), 1.52(3),
1.28(8), 0.85(6) .

3-Methylene-7,11,15-trimethylhexadecan-1-01 (68}

TOBACCO INTERNATIONAL—-125
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T B1.11,16 Teiramathyl Theradeeemdons (243)
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Ng : (7).()“' 290. 48(100). 58(95.9), 57(99.6), 41(81),
‘IR: 8270, 1590. lm 890 em-
6-Nethy)-8,9-0xido-4-nonen-2-01 (72)

ﬁ?mﬁw 170‘ 111(100), 43(94), 45(87), 69(51),
IR: 8400, 2950. 1883. lllﬂ. 1076. 1030, 970 ecm?
NNR: 35.85(2), 3.76(8), 1.88(3), 1.17(3)
8,7.11,15-Tetramethyl-1-hexadecen-8-01 (77)

";,; m“)w 296; 43(100), 123(98), 57(98), 95(93),
IR: 3350, 1148, 990, 9138 em=
C.S.IE-TﬁmtthyRﬁdﬂ-em-a.&daol (81)

NE:T "W 2s8; 43, 55, 69, 81, 99, 67, 79, 91, 107, 108,
. 105, 123, 218

- iR: 83350, 1088, 1448, 1388, lMR. 972, 900, 840 cm-?

TNNRT 3583(1), 205(2), 1.72(3), 1.28(3), 1.I5(3),

0.85(6)
a-:-.h.\-uaem-a-mmhueeinimm Q%)
NY:T NIW 185,796, 68, €7, 53,189

" IR: 1770, 1720, 1680, 1340, 1250, 1205, 1140,

1288 em=?

NNZR: 356.78(Q1), 3.31(1), 1.95(3), 1.45(8)

4-(Z-Buten-3-on-1-y1)-8,5,5-trimethyleyclohexanone
(291)

MS: MW 208; 43{100), 123(82), 41(25), 109(18),
124Q13)

IR: -2930, mo. 1675, 1628, 1360, 1250, 1165, 1105,
1050, 980 em

d-( "unydroxybutylidcnc)&&&uimtm'l-z-eycloha-
e=-1-one (211)

MS: sgn\' 208; 45(100), 149(98), 164(4%), 48(«).
4. 83

IR: 3130, 2050, 1665, 1895, 1460, 1380, 1325, 1138,
94D, 915 em?

NMI: o 6.08(1), 5.88(1), t.oom. 2.8502), 2.30(3),
214727, 126(9)

2-lm'~;nmnylwml-!¢yelohm!m
(236,

126-AL 2,197 .

. “MS:. MW 294; 43, 41, 84, 57, 6, €9, 71, 254

me' ~2900, 16?0. 1460, 1375, 1190 cm

u—nime&yl-l-hydroxy-s-oxohepunoie acid lactone
W

)
-- MW 170; 43(100), 41(32), 55(28), 39(20), 58

: 3400, 2940, 1765, 1710, 1250, 1200, 1145, 1120,
1080, 910 cm~

NMR: 8 4.67(1), 2.80(2), 2.15(3), 2.00(2), 1.20(6)

2,6-Dioxa-5-methylbicyclo[8.3.0Joctan-8-one  (267)

Mg'} (S:I)W 142; 71(100), 43(99), 114(78), 41(40),
IR: 3400, 2950, 1170, 1120, 1060, 945 cm~
NMR: 8 47(1), 4.87(2), 2.90(2), 2.40(2), 1.65(8)

Jnvestigation of a Flue-Cured Tobacco Essential Oil

Two hundred seventy-five gallons of condensate
from steam distillation of 4200 1b of blended fiue-cured
tobacco were collected. The aqueous condensate was
saturated with sodium sulfate and partitioned against
2x 50 gal of distilled chloroform. The aqueous layer
was discarded and the chloroform solution was con-
centrated under vacuum at 50°C to & volume of about
14 1. This solution was partitiored against two 2-liter
portions of 10% tartaric acid solntion to remove nico-
tine and other bases. The alkaloid-free chloroform
solution was treated with anhydrous sodium sulfate
and concentrated to a residue of 3478 g (278.2 g s0)-
vent-free basis).

During final concentration of the chloroform solu-
tion on a rolu.y evaporator, sume of the raore volatile
material was entrained with the solvent vanor into
the condensed chloroform. The last three liters of
chloroform removed were redistilled under vacuum
through a Vigreux column, and the residue was sub-
jected to direct GC/NIS analysis.

Two hundred grams (160 g solvent-free basis) of
the base-free condensate extract were chromato-
graphed over pH 7 sxlmc acid with pentane-ether mix-
tures to give seven main fractions, data for which
appear in Table 1,

Voble 1. Esveatiol ON Weln Froctens
Parcont of Total "Dy Waight

I Recovered

By repeated liquid chromatography and fractional

distillation, these seven fractions were separated iato
a total of 107 scbfractions, which were analysed by di-
rect capillary GC/NS. Table 2 shows compounds identi-
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Volatile constituents of white bread crust |

e wyre -

. "3
D. J. FOLKES®* anp J. W. GRAMSHAW} [

Summary

A total of 190 volatile components were identified in essences prepared from
white bread crust (in twenty cases the identification is provisional only); of
these compounds, ninety-seven have not previously been reported as consti-
tuents of white bread. A limited number only, of the compounds now reported,

may be partially responsible for the crusty notes which are present in bread
aroma.

l.?ngcﬁon

In view of continuing interest in the volatile constituents of foodstuffs, we wish
to record the preliminary results of our investigations into bread aroma. A de-
tailed report, together with an assessment of the aroma of bread crust essei..cs
Jr.’ the cc:atribution which identified components make to the colleci.e
aroma. will appear later. .
Freshly baked bread derives its characteristic aroma and, to a lesser extent,
its_flavour from volai’l. compounds formed during fermentation and baking.
Indeed as Baker, Parker & Fortmann (1953) emphasized, fermentation followed
by the formation of a brown crust is essential to the development of 2 full
aroma and flavour. Thus, a conventicnally fermented dough may be ‘baked’, by
intemnal electrical resistance heating, without formation of a crust, but the pro-
duct has a mild yeasty flavour, deficient in aroma (Baker & Mize, 1939). Simi-
larly, chemically leavened doughs, when subjected to normal oven baking, have
Wbeen reported to yield breads having very biand flavou.s {Miller, McWilliams &
Y Matz, 1959; Wiseblatt & Kohn, 1960; Jackel & Ersoy, 1961° or no flavour
~~ (Chichester, Sharrah & Simone, 1960; Simone, Sharrah & Chichester, 1962).
These, and other aspects of bread flavour formation are fully described in a
comprehensive review by Collyer (1964).
Authors’ addresses: ® The Lord Rank Research Centre, High Wycombe, Bucks HP12 3QR
and octer Department of Food and Leath.- Science, The University of Leeds, Leeds
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. _ Compounds formed during. fermentation and by Maillard-type reactions in
- 77 -~ the crust during buking doubtless contribute directly to the overall aroma of -
" bread. Howewer. it seems almost certain that organoleptically important consti-

" ‘tuents are formed by reactions which occur in the browning crust and involve
~_ precursors derived by fermentation. Experiments involving model systems (S.X.
~ Berry & J.W. Gramshaw unpublished) support this view and have indicated that
both acidic and non-acidic constituents of dough are important in the geners-
tion of crusty aromas. ,

Modern plant-produced bread is often considered to be somewhat deficient
in flavour and aroma, this probably being a reflection of the short baking
period normally employed which is insufficient for full Navour development,
although ad=quate quantities of the relevant precursors may well be present.
This investigation was therefore undertaken in an attempt to identify volatile
compounds present in bread crust and, in particular, those responsible for
crusty bread-ike aroma notes. Such knowledge is essential before the forma-
tion of bread aroma can properly be understood and any logical attempt made

to increase the flavour of bread produced in plant bakeries. It was thus appro-
priate to choose baking conditions as close as possible to those used for a tradi-
tional loaf.

Crust rather than whole bread was chosen for the preparation of essences,
because, as the site at which organoleptically important constituents of the
aroma complex form during baking, it contains these materials in highest initial
concentration and thusinuch iess material needs to be processed. It is necessary,
however, to separate the crust before an appreciable proportion of these vola-
tiles have an opportunity to migrate into the crumb. Use of crust alone gives &
further advantage in that it produces essences which contain n much smaller
proportion of the major fermentation volatites, although ethanol and amyl
TICTIOt NCVETITCITSS ICHIatl VeIy PrOMInent COPSITUENTS Of Crust estences.

_ Materials and methods

Preparation of bread crust essences

Bread was produced using a standard {ormulation specifying f'our, water,
yeast and salt only. Initially, bleached flour was used, but in later experiments the
flour was unbleached. The dough was bulk fennented, spiit, proved and b:'ed
as Coburgs (which are large round crusty loaves, normally baked on the oven
sole or on a flat metal tray), rather than in a deep metal baking container, so
that the maximum proportion of crust was formed. Baking time, in steam, was
40-4S5 min, i.e. well beyond the 25-35 min of commercial practice, in order
to provide a thick dark brown crust of optimum flavour. Volatile coastiteents
were isolated in a number of ways, of which the following war strorgly pre-
ferred. As soon as possible after baking, the crust was separated ivom the
crumd, finely comminuted and extracted with purified diethyl ether. Acidic




Volatile constituents of white dread crust

— components, which otherwise complicate the GLC pattern: and interfere in the
subsequent mass spectrometric examination, were removed from the ethereal
extract and exumined separately. Removal of acids and water was achieved

R sinultancously by stirring with a mixture of anhydrous sodium carbonate and
BN anhydrous sodium sulphate. Solids were removed by filtration and the extract
was freed of ether and subjected to vacuum distillation in a closed system at a
N pressure of 0-01 Torr using the apparatus described by Lta, Swoboda &
Hobson-Frohock (1967).
The distillate thus obtained was a pale yellow 0il whi~h retained its powerful
RS crusty, breadlike aroma for considerable periods when stored at —20°C.

) Absence of acids from the essence produced onlv a minor changs in the
overall aroma, although the isolated acidic fraction possessed a rich burnt nots

which probably contributes to a small extent to the total sroma of bread.

N

g ade N S

Instrumental examination of bread crust essences

In the carly stages of the investigation, bread essences were subjected to
axsliquid chuomziography (GLC), wsing a variety of stationary phases. A
Bnearly temperature programmed oven and either a flame ionization detector
(FiN) or an eleciron capture detector (ECD) were emploved and identification
of ituents was made by comparison of their retention data with those of
reference compounds. Certair. major components were recovered from column
effluents by trapping and the identities of thesc were confirmed from infrared
spectra. A doubie beam grating instrument (Perkin-Elmer 237) was used and
each sample was presented in solution (microcell) or as a film on 2 sodium
ChronigT piate.

Later, essences were examined by linked gasJiquid chromatography—miass
spectrometry (GLC-MS), using a fast scarning low-resolution mass spectro-
meter {Cronin, Nurster & Woclfe, 1972-73) and the identities of a
considerable number of compone:ts were irtus established (or confirmed)
by comparison of their mass spectra and retention data with those of reference
compounds. In this conneclion, porous layer open tutular (PLOT) columns

p (Cronin, 1970) and wide bore capillary columns. coated with a selection of
stationary phases, were extensively employed, usualiy in conjunction with a
FID. Further valuabl :nfonuation was gained by the use of element-specific

' chromatographic detectors. A nitrogen-specific alkali FID (AFID) and a flame
photometric detector (FPD), used in the sulphur mode, were separately
employed in coafunction with GLC —-MS. GLC was also paiformed using both
detectors simultaneously by splitting the effluent between them.
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Sensory examination of bread crust essences

dition to instrumental examination, effluents from the columns mos
wquently used were submitted to “nasal appraisal’. This was performed bv




splitting the effluent between the instrumentii det:ctor and an odour port and
writing descriptions of odour notes, as they emerged, on the chromatogram. In
' “this way, particular odour notes were associated with the appropriate regions of
the chromatogram and the most important regions were selected for more Lii-
~ tensive study.

~ ~ Nasal appraisal was also carried out in conjunction with the AFID and the
FPD'in order to correlate the clution of compounds containing nitrogen and/or

sulphur with regions of bread-like aroma. , . -

Results

" Constituents identified in bread crust essences

The compounds which were detected in bread crust essences are listed in
Tabic 1. ldentities were assigned on the basis of reteniion data, positive
responses (where relevant) to element-specific detectors and, in almost all cases
except carboxylic acids and phenol, by mass spectra. A few major components

(19, 23-25, 68, 70, 75, 77, 83, 112, 119, 120, 122) were also recognized on -

the basis of their infrared spectra. In a few cases identification is tentative,
_ either because authentic compounds were not available for compariso~ or
because the constituents were present at levels too low to give an unequivocal
mass spectrum. Such exceptiuns are indicated in Table 1.

Sensory evaluation of essences

When (i cssences wers subjecied $o nasal appraisal, & very large numseref
distinct aroma notes were perceived, very many of which had no obvious rela-
tionship to bread aroma although in total they may exert a minor influence on
the overall aroma. However, twelve regions of the chromatograms were clearly

. associated with distinct and strong breaddike aroma notes. These, and the eom-

pounds associated with them, will be described in a Jater publication.

Discussion and conclusion

Several isolation techniques were examined in addition to that descned above.
This method was selected because it gave the optimum recovery of volatiles im-
portant to bread crust aroma, as judged on the basis of the following criteria:
(2) the resulting essence had the strongest overall crusty aroma;
(b) the resulting essence revealed the greatest number of bread-like aroma

notes upon nasal appraisal and these notes were also more intense than those

from essences prepared in other ways,
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" " Volafile constitwents of white bread crust
(<) the extracted crust had the weakest residual bread-like odour.
It also gave an essence free of non-volatile material, thus reducing the pos-
sibility of artefact information upon injection as well as permitting a greater
degree of coacentration. :

A total of 170 compounds were identified in bread crust essences and a
further twealy were provisionally identified. Of these, twenty-four have
already beea found in rye bread or crispbread, but not in white bread, and
seventy-three have not previously been reportsd in wheat or rye breads
(Table 1). Previously recorded volatile constituents of breads have been sum-
marized by Maga (1974) and by Rothe (1974). Ti.c intricacy of gas chromato-
graphic traces derived from the essences and the complexity of many of the
mass spectra recorded during the investigation indicate, however, that many
more compounds remain to be identified.

Nasal appraisal of bread crust essences during gas chromatography indicated
twelve distinet, well separated, regions of the chromatogram to be associated
with crusty or bread-like aroma notes. Hunter er al. (1969) detected only two
regions of biscuitdike aroma during chromatography of white bread volatiles
isolated via bisulphite complexes and Mulders (1973) found only one region of
the gas chromatographic effluent to contain crustv or bread-like aroma notes.
Bread aroma, therefore, appears to be 2 much more complex problem than may
raiously have been supposed.

n structural feature,

where the nitrogen atom (and in most cases, the adjacent carbon atom) forms
part of a heterocycle is present in 2 number of compounds, many of which ex-
hibit sponge cake-, biscuit- or cracker-like aromas in dilution. One of these
compounds, 14,5 6-tetrahydro-2-acetylpyridine, has been claimed (Hunter et
al, 1969) to occur in and contribute to the aroma of American white pan
bread. However, 14,5 6-tetrahydro-2-acetylpyridine was not detected in bread
crust during the present investigation, although an isomer, tetrahydro-3-acetyl-
pyridine, was tentatively identified and may contribute to the aroma of bread
crust. Slight evidence only was also obtained for the presence of 2-acetyipyni-
dine, which is known (Buttery ez al,, 1971) as a breakdown product of 1,4,5,6-
tetrahydro-2-acetopyridine and has a similar, although weaker, aroma. The
aroma of 2-acetylthiazoline, 2 component of beef broth, has been described as
bread-like (Tonsbeek, Copier & Plancken, 1971). The present authors, however,
consider that it is an aroma typical of compounds possessing the partial struc-

, rather than truly bread-like in character. Inconclusive evidence only was

relating to the presence of 2-acetylthiazoline in crust essences.
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Bound Drug
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Figure 1-1. Schematic representation of the interrelationship of the absorption, distribution, binding,
Siotransformat;

ion, and excretion of a drug and

its concentration at its locus of action.

"Possible distribution and binding "of metabolites are not depicted..

lium) or several layers of cells (skin). Despite
these structural differences, the diffusion and
transport -of drugs across these various
boundaries have many .common charac-
teristics, since drugs in general pass through
cells rather than between them. The cellular

plasma membrane thus represents the com-

‘ Cell Membranes. The dassical observations by
: andbyCthnderudNﬂundl,edwll?e

>
7

Doth sides by protein, but

o L it
namic model in which lipids and intrinsic and ex-
trinsic proteins are viewed as being organized in 2
mosaic structure (Symposium, 1972). The intrinsic
(integral) proteins are embedded or intercalated, in

or disordered arrangement, into a discon-
tinvous lipid bilayer that forms the matrix of.the
mosaic. The intrinsic proteins are-globular and bi-
modal, with their.ionic and highly polar. groups
located largely on the membrane surfaces in contact
with the extracellular and intracellular aqueous
media, and with their nonpolar residues sequestered
from contact with water in the membrane interior,
Extrinsic proicins are bound to the exposed surfaces
of the intrinsic proteins by electrostatic or hydro-
phobic interactions, but they are not involved in
lipid-protein interaciions that are critical to the
membrane structure and its functions. Channels
appear to be present in the central axes of the globu-
lar intrinsic proteins. Cell membranes are approxi-
mately 80 A thick.

Passive Processes. Drugs cross membranes by ei-
ther passive processes or by mechanisms involving
the participation of components of the membrane.
In the former, the drug molecules penetrate either
by passage through aqueous channels in the mem-
brane or by dissolving in the membrane. Both non-

.-polar_lipid-soluble compounds and polar water-

soluble substances that retain sufficient lipid
solubility can cross the lipid portion of the mem-
brane by passive diffusion. Such transfer is directly
proportional to the concentration gradient across the
membrane and the lipid :water partition coefficient
of the drug. The greater the partition coefficient, the
higher is the concentration of drug in the membrane
and the faster is its diffusion. However, afier a steady
state is attained, the concentration of the free drug
is the same on both sides of the membrane, if the
drug is a nonelectrolyte. For ionic compounds. the
steady-state concentrations will be dependent on the
transmembrane polential and may be influenced by
the state of ionization of the mole~ule on =ach sid~
of the membrane. Passage through channels is called
Jltration, since it involves bulk flow of water as a
result of a hydrostatic or osmotic difference across
the membrane. The bulk flow of water carries with
it any water-soluble molecule that is small enough
to pass through the channels. Filtration is a common
mechanism for transfer of many small, water-solu-
ble, polar and nonpolar substances. The size of the
membrane channels differs in the various ‘body
membranes. Capillary endothelial cells have large
channels (40 A), and molecules as large as albumin
may pass 10 a limited extent from the plasma to the
extraceliular fluid. In contrast, the channels in the
red-cell membrane, the intestinal epithelium, and
most cell membranes are about 4 A in diameter and
permit passage only of water, urea, and other small,
water-soluble moleculces. Such substances generally
do not pass through channels in celi membranes if




: Only the nonionized moiety can veadily pen-
* etrate the membrane; hence, at equilibrium its
concentration is the same in both compartinents.
The degree of dissociation of the acid on each
... side depends on the PH of the plasma and
- gastric juice. The total concentration difference

- ‘between the two sides is a direct function of the

. pH gradient across the membrane.

The values in brackets represent relative con-
centiations of the ionized and nonionized forms
on each side of the membrane. The thick hori-
“zontal arrows point in the direction of the pre-
dominan H inant form of the weak acid at the indicated
ph. )

carriers—membrane components that form a com-
plex with the substance 10 be transported. These
processes are dependent in part upon the Na* gradi-
drugs that mudify Na-K -
Transcellular fluids are formed by the active
transport of Na* across epithelial cells. So-called
Ught intercellular junctions between these cells pre-
vent diffusion of Ruids and solutes in both direétions.
Proteins and other macromoleculés slowly cross epi-
thebial cells by pinogyvesis, a form of vesicalar trans-
post. - )
that exhibits selectivity and saturability but in which
the substance does not move agai D
gradient is called facihrored &
energy-dependent process.

R SR R b
howeves, is active and can proceed against a coacen-




cervicns of the pons and terminate on the dendrites

'ofliehtliq'ecelsoflbecarkllgrmol‘lhe'
et (see Holffer ef al. 1973). Stimulation of the locus .

ceruleus, of microiontophoretic application of nor-
epinephrine or cyclic AMP 1o t .xthmeeelh.pn-
. duces inhibitioa of the Jaties, characterized in each
case by (1) decreased rate of spontancous discharge,
(2) Myperpolarization with decrease in membrane
conductance (in contrast 10 the increased conduct-
ance that generally accompanies the IPSP), (3) de-
layed onset and decline of the inhibitory response,
(4) enhancement of such by inhibitors of cyclic AMP

degradation, and (5) antagonism 3 ecﬁadmerpc .
following

blocking agents of the foregoing

dlectrical stimulation of the nerve tracts or appli-

cation of norepinephrine, but not following appli-
cation of cyclic AMP. Thus, these findings appear
not oaly to fulfill most of the standard critena for
ideniifying norepinephrine as the inhibitory trans-
mitter at the site studied but also to provide strong
evidence that its inhibitory action is mediated by
cyclic AMP. )

OTHER NEUROHUMORAL TRANSMITTERS

_ From the foregoing account, it is evident
that ACh has been established as the neuro-

humoral transmilter agent at most efferent”

sites in the peripheral nervous system; the
major exception is the terminals of most
postganglionic sympathetic fibers, where
norepinephrine has this function. In addi-
tion, ACh, norepinephrine, and depamine
probably serve as transmitters at certain sites
within the CNS. Accordingly, there remain
to be defined the transmitting agents of the
primary afferent fibers, of certain exceptional
W‘I;VII';C ¢ Sbers {discussed
below), zad of the presumed majonty of
various excitatory and inhibitory fibers of the
CNS that are neither cholinergic nor adre-
nergic. Although many naturally occurring
compounds have been proposed for these
roles, none has as yet been definitely estab-
lished as a transmitter substance. The most
likely candidates are discussed briefly below.

Amino Acids. By means of microionto-
phoretic application of compounds to neu-
roas in various regions of the CNS, exhaus-
tive searches for agents that might simulate
the effects of impinging excitatory and in-
hibitory nerve impulses were conducted by
Curtis and Watkins (1960), Krnjcvié and

Phillis (1963), and others. A major oulcome
:--of these collective efforts was the focusing of
_ alention on a group of amino acids, which

car to fulfill 1o a considerable degree the

"criteria established for the identification of

neurchumoral transmitters. Parallel investi-
gations of synaptic and neuromuscular
transmission in crustaceans have provided
even stronger evidence that two amino acids, .
gamma-aminobutyric acid (GABA) and
L-glutamic acid, finction there as inhibitory
and excitatory transmitters, respectively. At
present, the iwo most promising candidates
of this class for roles as inhibitory trans-
mitters in the mammalian CNS are the
monocarboxylic amino acids, GABA and gly-
cine. Two dicarboxylic amino acids, L-glu-
tamic acid and L-aspartic acid, qualify most
closely as excitatory transmitters. (For docu-
mentation, see reviews by Curtis and Craw-
ford, 1969; McLennan, 1970; Phillis, 1970;
Curtis and Johnston, 1974; Kmjevi¢, 1974.)

GABA was first proposed as an inhibitory trans-
mitter or modulator of the mammalian CNS by
Hayashi (1954) on the basis of its known presence

“in the brain and its anticonvulsant activity. In the

same year. Florey (1954) extracted a synaptic inhibi-
tory substance from various parts of the CNS, which
was later identified as GABA (Bazemore e al,, 1957).
Subsequently GABA was shown to produce inhibj-
tion accompanied by hyperpolarization, through an
increase in chloride conductance, at cortical neurons
and at cerebellar neurons of Deiter’s nucleus; the
latter effect was identical with that obtained by stim-
ulation of inhibitory axons arising from Purkinje
cells in the cerebellar cortex. By means of a remark-
ably sensitive enzymatic cycling method that permits
determination of the GABA content of single mam-
malian neurons. Otsuka and Miyata (1972) have
obtained evidence that the inhibitory terminations
of the Purkinje ceii axons on ihe Dciter’s ncurons
contain extremely high concentrations of GABA.
GABA may also produce presynaptic inhibition by
depolarization of afferent terminals in the spinal
cord (Davidofl, 1972).

The identification of GABA as an inhibitory
transmitter has been sirengthened further by the
more or less selective blocking action obtained with
picrotoxin, the alkaloid bicucuviline, and more re-
cently penicillin against both GABA and inhibitory
nerve impulses at various sites. At the same time,
these observations have provided an explanation for
the mechanism of the convulsant action of these
drugs. Semicarbazide and other pyridexal-complex-
ing hydrazides may produce convylsions through
inhibition of the enzyme that synthesizes GABA,
glutamate decarboxylase. resulting in a lowering of
the level of GABA in the brain.

In summary, GABA has been established as an




" ABSTRACT

po ition of F-[1‘c-viny1]-z—pyrrolldinone was
mulo Sprague-Dawley rats following a single iv
~ Plasma levels of the intact compound dropped
ithin the first 6.0 hr after dosing with a half-
1.5 hrs. Urinary excretion by 6.0 hr represented
5% of the total radioactivity dosed while the
retion ranged from 17 to 208. lC-activity
lt%: ‘gtod to the intact compound was found to be less than

1nls contained the h;ghest accumnlat;on of
, § 0.25, 6.5, 1.5 and 6.0 hr after adminis-
Nh( ‘C—viuyl]-2-pyrrolidinone. Urine analyses
performed for metabolite elucidation showed that 12% of .
the radiocactivity dosed was incorporated into acetate and
the major the major remaining portion in species which appeared to

' Wmunll. acidic W‘




INTRODUCTION

N-Vinyl-2-pyrrolidinone (NVP) is the monomer from which
pol, _aylpyrrolidinone (PVP) is synthesized ut;lxzxng a
method involving thermal polymerization of NVP in the.
presence of hydrogen peroxide and ammonia. Polymer prepa-
rations arising from this synthesis contain a small per-
centage of NVP, generally less than 0.5%. Worldwide pro-
duction of the monomer approaches 30 million pounds per 1
year with almost 90% utilizéd in production of the polymer™.

PVP is employed wxdely in pharmaceutical and medicinal
" applications as well as in cosmetics, beer, and foodstuffs.
It is used as a binder for tabletting, for coating and sub-
coating tablets, and for film coating and is incorporated
. .in antibiotic suspensions as a stabilizer. A primary
" cosmetic application of this polymer is its use as a film
former in hair sprays. Use of PVP is officially approved
by the FDA in th2 USA for clarifying beer, for stabilizing
v;negar. and as a stabilizer and binder in the manufacture
of vitamin preparations (1).

) To date, no data on the in vivo dlsp051t10n of NVP has
been reported. In view of this fact and in consideration
of the high level of NVP productxon, the wide usage of PVP,
and the presence of the monomer in the polymer products,
the present study was undertaken to elucidate the in vivo
disposition of NVP in rats. Addxtlonally, NVP represents

a novel system to study due to its unique N-{exocyclic
vinyl)-lactam structure, and thus the data may serve as a
precedent for determinations of the metabolic fate of
similar chemical entities.

MATERIALS AND METHODS

Reagents - .

N- [14C-vinyl]}-2-pyrrolidinone with a specific activity
of 1.7 mCi/mmole was obtained from Pathfinder Laboratories
Inc. (St. Louis, Missouri). Utilizing normal saline as the
solvent vehicle, a dosing solution of 5.0 uCi/0.1 ml was
prepared. During the course of the studies, purity of the
labeled compound in the solution injected was periodically
checked by thin layer chromatography (TLC). This was
accomplished by application of the solution injected to TLC
plates (Whatman K3, Whatman Inc., Clifton, New Jersey) and
subsequent elution with chloroform. Follow1ng development,
thé alumina gel was scraped from the plate in 1.0 cm
sections, each of which was suspended separately in 0.8 to
0.9 g of a2 suspending agent (Cab-0-Sil, Cabot Corporation,
Boston, Massachusetts) and 15 ml of a scintillation cocktail
(ACS, Amersham Corporation,., Arlington, Illinois). The




r centrifugation
8- ; fied injection soiu—
y of the l4C-labeled NVP was not

 purification procedure.
. _Radiocactive Samples o
eriments involving determination of thé ldc-
attributed to [14C) NVP as will as total ldc-
plasma; the 0.4 ml blood samples collected
uged to precipitate red blood cells. The super-
was collected and a 50 pl aliquot from this
;combusted using a sample oxidizer (Packard
el 306). The combusted samples were counted
1id scintillation counter (Packard 3255). A second
-‘aligquot from the plasma fraction was applied to a
late (Whatman K3) which was developed with chloroform.
3 2 Oof the plate corresponding to the known r.&£.
~value of unlabeled NVP (detected by iodine) was scraped
~“from the plate. The alumina gel was suspended in 0.8 to
. 0.9 g of Cab-0-Sil and 15 ml of scintiallation cocktail
S (AC%%:.— followed by counting of radiocactivity.
ﬁ _ 28C~activity attribhuted to intact [14C) NUP and tatal

S uﬁ?lﬁctivityr in urine and bile samples were determined by
.- - measuring the total volume of all samples and then analyz-
" ing aliquots. Urine aligquots of 50 ul and bile aliguots of
25 ul were treated like the supernatant plasma aliquots.
~. Three, four, and five ml aliguots of each 'CO32-trapping

solution (Carbosorb, Packard Chemical Company, Downers
Grove, Illinois) used during the metabolism cages studies
were mixed with 15 ml of scintillation cocktail (ACS) and
counted. .

Feces collected from the animals were lyophilized and
then weighed. The freeze-dried feces from each collection
time were pulverized separately with a mortar and pestle.
Aliguots were combusted in a sample oxidizer and then
counted. ' : ‘ . '

‘Organs and protein precipitates weighing greater than
1.0 g were either divided into less than 1.0 g portionms,
if the entire sample was to be combusted in parts, or were
homogenized for sample homogeneity before combusting an
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aliquot. The stomach and contents (or an aliquot) were
combusted together. The large and small intestines were
separated from their contents prior to combustion.

 Animal Studies - : ‘
Determination of intact [l4C] NVP and total l4c-activity

in plasma, urine, and tissues 6.0 hr after iv administra-
tion of [TACINVP. Male Sprague-Dawley rats (Harlan Industries
Indianapolis, Indiana) weighing 250 to 350 g were used.
The rats were anesthetized with urethane (Aldrich Chemical
Company, Inc., Milwaukee, Wisconsin), 1200 mg/kg ip, and
remained anesthetized until sacrificed. The body tempera-
ture of the animals was maintained at 37° with a heat lamp.
The jugular vein and carotid artery were cannulated with
PE-10 and PE-50 tubing (Clay Adams, Division of Becton,
Dickinson and Company, Parsippany, New Jersey), respective-
ly, and each rat was dosed by an iv injection of 5.0 uci
of [l4c] NVP into the cannulated jugular vein. Blood
samples (0.4 ml) were withdrawn at 10, 20, 30, 45, 60, 90,
120, 240, and 360 min from the cannulated carotid artery.
The rats were sacrificed at 6.0 hr and organs and urine
samples (taken by bladder puncture) were collected. Total
4C-activity and l4c-activity attributed to intact NVP were
determined for the blood@ and urine samples while only the
total l4cC-activity was determined for the organs.

In a separate experiment, rats were anesthetized with
Nembutal (Abbott Laboratories, North Chicago, Illinois),
45 mg/kg ip, and remained anesthetized until sacrificed.
The jugular vein was cannulated with PE-10 tubing and each
rat dosed as previously described. One rat was sacrificed
at each of three time points: 15, 30, and 90 min. organs
were removed and total l4C-activity was' determined.

Determination of total l4c-activity in CO2, urine, and
feces six days after iv administration of [L3C] NVP. Six
male Sprague-Dawley rats weighing 250 to 350 g were an-
esthetized temporarily with Nembutal, 45 mg/kg ip, and the
jugular vein was cannulated with PE-10 tubing. Two rats
were likewise dosed with 5.0 uCi, two with 2.86 uci, and
two with 1.16 uCi of [l4C] NVP. The vein was tied off at
both ends of the incision area after dosing and the muecle
and skin layers of the incision site were sutured. Each
animal was then housed individually for periods ranging to
six days in glass metabolism cages (MC 300 series, Crown
Glass Company, Somerville, New Jersey) which allowed sepa-
rate collection of the urine and feces. Expired CO; was
collected in a CO; trapping solution (Carbosorb). Urine,
feces, and CO2 samples from these animals were then
analyzed. :
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s duct. Total 1l4C-activity and that
parent compound were deternined for each
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S Two male Sprague-Dawley rats weighing 192 and 236 g
~-were anesthetized with Nembutal, 45 mg/kg ip.
- removed, minced, and washed with a KH2PO4/Na2HPO4 buffer

“(Pisher Gram - Pac Buffer, Fisher Scientific Company, Fair-
lawn, New Jersey), pH 7.41, at 0.0 to 4.0° using ice cold

- solutions, instruments, and glassware. After washing,

7 the livers were separately homogenized (Tek Mar SDT-182
' Tissumizer, Teskmar Company, Cincinnati, Ohio) and were
centrifuged at 0.0 to 4.0° for 20 min at 9000 g (Beckman

“J2=21 Centrifuge, Beckman Instruments, Inc., Fullerton,
California). The resulting supernatants containing the

" microsomal fractions of the liver homogenates were collect-
“ed after discarding the fatty tissue floating atop the

- supernatant2, . Four aliquots of the microsomal fraction
from the rat weighing 236 g (#1) in volumes of 0.5, 1.0,
1.5, and 2.0 ml were each diluted with the previous buffer
to a total volume of 2.0 ml. Four 1.0 ml aliguots of the

———-microsomai Traction from the rat weighing i52 g (¥2) were
diluted %o a total volume of 2.0 ml each with buffer. All
eight aligquots were placed in an incubator (Dubnoff
Metabolic Shaking Incubator, Precision Scientific Co.,
Chicago, Illinois) and allowed to equilibrate for 2.0 min,
after which 5.284 x 104 dpm of [14C] NVP were added to
each of the four aliquots from rat #1 while 1.321 x 104,

- 2.642 x 104, 3.963 x 104, and 5.284 x 104 dpm were added
to the four aljiquots from the second rat. All eight prepa-
rations were incubated for 15 min at 37°* and then termi-
nated by addition of 1.0 ml of 3.0 N trichlorcacetic acid
to each. The resulting protein- precipitated.from each
incubation was washed successively with 0.6 N trichlorxo-
acetic acid and acetone until the wash solutions contained
background 14C levels. The protein was analyzed for ldc
content. i
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Analyses of Urine S les Following Intravenous
Intravenous Injection O C] NVP

Three hundred and eighty mg of acetaldehyde were added
to a flask containing 20 ml of distilled water. The con-
tents of the flask were distilled into an ice chilled
flask containing 5.0 ml of methanol. The methanol trapped
diotillate was treated with a solution prepared by dissolv-
ing 2.0 g of 2,4-dinitrophenylhydrazine in 100 ml of
methanol and 4.0 ml of concéntrated sulfuric acid and
refrigerated overnight. Crystals of the derivative were
then collected and washed with cold methanol. The pheny-
hydrazone, confirmed by NMR, was produced in 77% yield
based on the amount of acetaldehyde put in the distilla-
lation flask. A 1.0 ml sample of urine collected during
the first 6.0 hr following a 2.86 uCi dose was treated as
above and the phenylhydrazore crystals were collected in
76% yield. These crystals, along with the methanol wash,
wash, were analyzed for radioactivity.

A 1.0 ml sample of urine collected during the first 6.0
hr following a 2.86 uCi dose was utilized to analyze for
the presence of l4c-labeled acetic acid as a metabolite of
. {14C] NVP. To the urine sample was added 0.3 g of carrier
acetic acid, two drops of concentrated sulfuric acid, and
enough water to obtain a -total volume of 25 ml. The mix-
ture was distilled at 120° and the distillate was then
collected. The distillation was repeated twice, with
carrier acetic acid and water added prior to the second
and third distillations. The distiliates obtained from
these distillations were analyzed individually for radio-
activity. N

A urine sample collected from 6.0 to 18.0 hr following
a 2.86 uCi dose was acidified with 1.0 ml of concentrated
hydrochloric acid and passed through a cation exchange
column (Bio Rad type AG50N-X2 Hydrogen form, 100-200 mesh
size, Bio Rad Laboratories, Richmond, California). The
acidified urine sample was followed by two 100 ml water
washes and then 100 ml of a 1.0 N NaOH solution. All
washes were analyzed for 14C content. A urcine sample
collected during the first 7.0 hr after a 1.16 ucCi dose
was basified with 6.0 N NaOH and passed through an anion
exchange column (Bio-Rad Type AG 1-X2, 100-200 mesh size,
Bio Rad Laboratories, Richmond, California). The alkaline
urine sample was passed through the column, followed by
100 ml of distilled water and 100 ml of 1.0 N HC1l. The
solutions collected from the column were individually
analyzed for radioactivity.

A urine sample collected during the first 6.0 hr af-er
a 2.86 uCi dose was extracted with chloroform and then re-
fluxed in 10% NaOH for 12 hr. The basic solution




1. “The residue :

ning after distillation vas =
n. ange column as described :

llected were analyzed individually

te experiment, . . - ul sample of urine col-
v e first 6.0 hr following a 2.86 uCi dose
‘ )l1ied to a TIC plate (Whatman K3) which
developed using CHClj as the eluent. The plate was
hen analyzed for distribution of radioactivity by the
thod described for analysis of the dosing solution. The
‘presence or absence of 1,l-bis-(N-2-oxopyrrolidinyl)-
.ethane was determined by comparison of the chromatogram
, ; with that of authentic non-radicactive compound..
w7 “Fat from the greater omentum was removed at 42 hr and -
.- 145 hr after dosing with 2.86 uCi and 1.16 uCi of NVP re-
" spsctively and was analyzed for l4C-activity.:

Radiocactivity in the Plasma, Urine, and Tissues of Rats
_After a Dose of iIIci NVP.

el plasma -levels of intact NVP n three rats decreased
o+ rapidly over a 6.0 hr period following a 5.0 uCi iv injec-
Sov s -tion with a €172 of 1.5 hr. A plot of this data resulted
~ in a biphasic curve (Figure 1l). TForty to 65% of the total
- - ‘ruadioactivity dosed was excreted in the urine during this
6,0 hr study. However, intact NVP in the urine at this
_time point accounted for less than 0.2% of the administer-
ed radioactivity. At 15, 30, and 90 min as well as 6.0 hr
(Table I) following 2~ iv dose of [14C] NVF, the liver,
small intestines and contents, and kidneys were  the organs

T T T M ik VAWY
« + s -expressed as relative concentration (2)(Table I), the
* _small intestine, liver, and kidneys exhibited the highest
~-3¢Cc-accupulation at 15, 30, and 90 min vhile the small
intestine and contents, adrenal gland, kidney and liver
had the highest l4C-activity at 6.0 hr.

‘Radioactivity in the Urine, Feces, and Expired CO2 of
: iiiifi?tef‘ixisiifsngIiﬁifﬁvi.

By 24 hr after administration of 5.0 y7i of [14C] NVP to
two rats, 73.4 and 64.5% of the administured dose had been
excreted in the urine and 2.4 and 5.5% in the feces. At
this time point, two rats receiving a 2.86 uCi dose elimi-
nated 70.2 and 66.1% of the administered ldC-sctivity in
the urine, 7.8 and 1.9% in the feces, and 2.7 and 0.81%in




—the expired CO,. By 24 hr, the two animals receiving a
1.16 yCi dose eliminated 92.5 and 75.1% of the activity
dosed into the urine, 1.0 and 1.6t in the feces, and 2.0
and 2.6% in the expired,coz. Collection of urine, feces,
and expired CO; samples at daily intervals after the first
24 hr showed that excretion by these three routes was the
most rapid during the initial 24 hr period following dos-~
ing (Table II).

Biliary Excretion of Radidactivity After a Dose of
!I!Ci NVP

-

By 6.0 hr following administration of a 5.0 uCi dose
of [14c] NVP to two rats, 17.2 and 20.0% of the ldc-
activity administ@red was excreted into the bile. Biliary
excretion of intact.NVP during this 6.0 hr study accounted -
for 0.34 and J.14% of the administered dose. Cumulative
excretion of radioactivity by this route in one rat is
shown in Figure2. -

Protein Binding of 14C—Activity Following Incubation of
{14C] NVP with Rat Liver Microsomai Fractions. »

Results from protein binding studies utilizing a con-
stant activity of [14C] NVP incubated with varying amounts
of rat liver microsomal fraction are shown in Table III.
As the quantity of microson:l fraction utilized was in-
creased, the percent of the l4cC-activity associated with
precipitated protein increased from 3.0 to 11.9% of the
activity used. PFollowing incusation of variable amounts
of [14C] NVP with a constant volume of rat microsomal
fraction, the radiocactivity associated with precipitated
protein remained within a range of 5.3 to 6.8% of the léc-

£ s s
- activity originally added {Table IV).

)nalysis cf Metabolites in Urine from Rats Following a
bose of [14C] NVP.

Practically no [14C] acetaldehyde was found in the 1.0 ml
2liquot of the urine collected during the first 6.0 hr
following a 2.86 uCi dose as determined by addition of non-
radicactive acetaldehyde to the urine, Cistillation, and
finding only a negligible amount of radiocaciivity in the
2,4-dinitrophenylhydrazone derivative ccllected. Twelve
percent of the total l4C-activity ir the 1.0 ml aliquot of
the urine collected during the first 6.0 hr following a
2.86 uCi dose was present in the form of acetate, as
determined by distillation of the acetic acid treated
urine. Cation exchange chromatography showed that 1.73 of
the radiocactivity in urine collected between 6.0 and 18 hr
following a 2.86 pC: dose was in the form of a basic mole-
cule as shown by elution in the final NaOH wash, while the
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yer chromatography analysis of a urine sample
“during the first 6.0 hr after a 2.86 uCi dose of
lllc NVP resulted in no detection of radiocactivity at the
)8l of the Rf. value of 1,1-bis-(N-2-oxopyrrolidinyl)-
ane. Most of the radioactivity on the plate was found
: tc residt ‘at the origin, indicating the presence of a
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2 of fatt{ tissues excised at 42 hr after a
4C) NVP and 145 hr after a 1.16 uCi

v se of |
o 1ted in 2.28 x 10-3% of the dose per gram of fat
_and 8.65 x 10‘3\ respectively.

DISCUSSION

- . Pollowing iv administration of 114c] NVP to the rats.
~. .+ . _the'rate of urinary sxcretion of l4c-activity was the
" highest during the initial 6 hr and the majority of the
- radioactivity was eliminated by this route within 24 hours.
Only a negligible portion of the 14c—aetiva.ty found in the
urine samples was due to intact [14C) NVP. Thus, the rapid
decline of the plasma lavels of [14C] NVP shown in Figure
1 is attributed to extensive metabolisam and rapid urinary
elimination of the metabolites. Additionally, biliary ex-
cretion appears to be an important factor in the loss of
~l4c-activity from the plasma.. In contrast, however, ldc-
~activity eliminated in fecal and expired CO2 samplos
accom\ttd for only a minor portion of the total loss of
14c-activity from the rat.
The observed high biliary excretion of 1‘lc—aetivity (0%
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to 20% in 6 hr) following iv administration of [l4C] NVP
and the low elimination of 1l4C-label in the feces (2.3%

"in 6 hr), relative to the amount found in the small

intestines, suggest that enterchepatic recycling of NVP
metabolites is occurring to a significant extent. It is
noteworthy that more than 98% of the total l4C-activity
in the bile was found to be in species other than intact
NVP at the end of 6 hr. : '
The relatively low percent of radioactivity associated
with the precipitated micrgsomal fraction (Tables III and
IV) indicates that NVP is probably not converted to an
alkylating species in the course of its catabolism. This
is partially supported by the fact that NVP failed to ex-
hibit positive resvlts in the Ames and Mouse Lymphoma
tests. Furthermore, NVP did not display any mutagenic

activity in in vitro transformation with BALB/3T3 cells.

and was shown to be inactive in an unscheduled DNA ‘synthe-
sis assay. Additional experiments are needed to con-
clusively eliminate the possibility of formation of an
exocyclic epoxide species of NVP or any other metabolite
of NVP with alkylating ability. Such experiments are
carrently being conducted in this laboratory.

In a recent publication (3), the kinetics of the in
vitro acid-catalyzed decomposition of NVP were reported.
The proposed mechanism involved the production of acetal-
dehyde and 2-pyrrolidinone, with subsequent formation of
1,1-bis- (N-2-oxopyrrolidinyl)-ethane (Scheme I, structure X).
The possibility was considered of non-enzymatic formation
of the 1,1-bis-(N-2-oxopyrrolidinyl)-ethane adduct upon
contact with the low pH environment of the stomach or the
slightly acidic urine. Nuclear magnetic resonance (NMR)
studies in our laboratory showed that NVT was suscegtible
to acid decomposition at pH 1.2 (the approximate pH of the
stomach), with formation of the bis-adduct. Additionally,
the compound was seen to be unstable to TLC on silica gel
plates (Whatman LKS5), due to the acidity of the silica gel
used as the sorbent.

Partially in view of the acid susceptibility of NVP, an
initial objective of the metabclic studies was to deter-
mine if-1l4C-labeled acetaldehyde was present in the urine
of rats as a metabolite, following a dose of [l4c] Nvp.
Derivatizaticn, the method chosen to accomplish this ob-
jective, produced only a negligible amount of l4c-labeled
acetaldehyde derivative in the urine sample. Since it is
known that acetaldehyde is oxidized in vivo to acetic acig,
an attempt was made to isolate l4C-labeled acetate in the
urine of a rat dosed with [14C] NVP. It was found that
12% of the total l4C-activity in the urine was due to
acetic acid. TLC analysis of the urine n=ed for the
acetaldetyde and acetic acid determinations revealed no




ing ion exchange chromatogr phy to obtain
the functional groups of the l4c-species
‘ine after a dose of [l4C] NVP showed
‘ ioactivity in the urine represented a
C mate) + 88.9% represented acidic species (12%
> acid), and approximately 11. 3% appeared to be neu-
fowever,-when the urine sample was hydrolyzed priox
xchange analysis, the percent of 14c-activity
sponding to basic species increased from 1.7 to 1S%,
the remaining activity was due to acidic or neutral
. ‘material. Recovery of the chromatographed l4c-activity
.. - from the colums using agueous eluents was essentially
-~ quantitative. This, in addition to the fact that 14
~..activity could not be extracted from the urine into chloro-
S 11?.7 emphasizes the high water solubility of the metabo-
~ . _ Some proposed routes of metabolism for NVP are shown in
-~ Scheme I, ~From this, it should be noted that a metabolite
. 'arising from [14C) NVP must contain at least one of the
1‘&1‘5‘1;6 vinyl carbons in order to be detected. Thus,

" 1% NVP undergoes fragmentation during metabolism, the fate
~of the ring portion of the molecule would not be deternined
~ Due to the chemical reactiyity of the enamide, transforma-

————tion of NUB L3} &5 2-cooroiidinone (II) is suspected to
- -occur readily. If this is indeed the case, the interpre- -
~ tation of results or any conclusions drawn would have to -
concentrate on the possibility that the large majority of
the activity being analyzed arises from the initial pro-
duction of l4c-labeled acetaldehyde with concommittant
formation of an unlabelad pyrrolidincne ring.

I 2-pyrrolidinone (II) is forsed, it may be converted to
the naturally occurring gamma-amincbucyric acid (GARA) (111),
& transformation known to occur in the brain of the mouse
(4), and in bacteria (S). GABA (XIII) is shown to be
metabolized to succinic acid (VII) via succin.c semi-
aldehyde (IV). Alternatively, 2-pyrrolidinorc (II) could
be converted to succinimide (VI) which is krowr to be




... matabolized to succinic acid (VII) in the rat and dog (6)..
Succinic acid is a constituent of the tricarboxylic acid
cycle. L.

An alternate route for the metabolism of [14C] NVP may
be its conversion to N-vinyl-succinimide (IX)}, with sub-
sequent production of succinic acid and l4c-labeled
acetamide. ' - '

Metabolic studies with doubly labeled NVP ([4-3H] and
{vinyl-14C]) are underway in.this laboratory in order to
distinguish between the metabolic pathways of NVP which
involve separation of the two-carbon (vinyl) moiety from
the ring, and routes which result in retention of the
carbons of the vinyl group.

gl

Mt el

FOOTNOTES

1. Private communication from GAF Corporation.

2. Procedure from: Mazel, P., "General Principles and
Procedures for Drug Metabolism In Vitro," in
Fundamentals of Drug Metabolism and Drug Disposition,
B.N. La Du, H.G. Mandel, and E.L. Way, eds., Robert
E. Krieger Publishing Company, Huntington, New York,
pp. 531-535 (1979).
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PREFACE

This report contains a summary of the data compiled during the
evaluation of the test compound. The report is organized to present
the results in a concise and easily interpretable manner. The

first part contains items [ - IX. Items I - IV provide sponsor and
compound identification information, type of assay, and the assay
design reference number. All assay design references indicate a
standard procedure described in the Litton Bionetics, Inc. “Screening
Program for the Identification of Potential Mutagens and Carcinogens.”
Item V providcs the initiation and completion dates for the study,
and Item VI provides identification of supervisory personnel. Item
VII identifies the tables and figures containing the data used by

the study director in interpreting the test results. The interpreta-

tion itself is in Item VIII. Item IX provides the conclusion and
evaluation. .

The second part of the report, entitled Assay Design, describes the
materials and procedures employed in conducting the assay. This
part of the repart also contains evaluation criteria used by the
study director, anrd any appendices. The evaluation criteria are in-

cluded to acquaint the sponsor with the methods usad to develop ang
2nalyze the test results.

A1l Zest and ccntrol resulis poesented in Lhis resart are sunnortad
Oy Tully documented raw data which are permanently maintained in
the files of the Department of Genetics and Cell Biology or in the

archives of Litton Bionetics, Inc., 5516 Nichclson Lane, Kensington
Maryland, 20795. : ’ , .

Copies of ruw data will be supplied to the sSponsor upon request.




,'A‘r Initiation: January 14, 1980
B ', coupletion "Jﬂ“u“y 28, 1980
VI. SUPERVISORY PERSONNEL:
A Study Director:  Brian C. Myhr, Ph.D.

B "i.'ib'oi-atbry Supervisor: Jane Fisher

RESULYS: o
‘The data ire presented in Table 1 on page 4.
 INTERPRETATION OF RESULTS:

The test material, V-Pyrol‘(N-Viny!-2~PyrroHdone). was
__completely miscible with water at a concantration of 108 ,1/51.

This solution was serially diluted with water in two-fold steps

- to provide a series of 10 concentrations down to 0.195 ui/ml.

These stocks were then diluted 1:10 into culture medium con-

taining the cells to yield a final concentration range of

10 u1/m) to 0.0195 n1/ml for the preliminary cytotoxicity assay.

No precipitation in the culture medium was noted. Twenty-

Tour hours after treatment, the cell count was considerably

reduced by the exposure to 5§ u1/ml, and 10 w1/Al was completely

lethal. Therefore, in order to cover a wide toxicity range,

the mutation assay was initiated with a series of concentrations

from 10 u1/m? to_0.39 wi/ml. _
The results of the mutation assay are presenied in Tadle 1.
Under nonactivation conditions, the mutant frequencies in the

treated cultures were all comparable to the backgrcund frequency
(average of the solvent and untreated negative control values).




VIII. INTERPRETATION OF RESULTS (continued)

The minimm criterion for demonstrating mutagenesis by a

_given treatment in this assay was a mutant frequency exceed-
ing 44.5 x 10°€. No indicat®on of an increase in mutant
frequency was obtained over the assayed concentration range
of 0.313 ul/ml to 5.0 ul/ml. Moderate toxicity was achieved
with the relative growth dropping to 33.9% for the 5.0 ul/ml
treatment. A further small increase in concentration to
7.5 ul/ml (not shown) was completely lethal to the cells.
Therefore, the test material did not exhibit mutagenic activity
under nonactivation conditions for concentrations closely
approaching those causing excessive lethality.

In the presence of the S9 microsomal activation mix, the

test material was not toxic from 0.313 ul/ml to 1.25 pl/mil,
and the 2.5 u1/ml and 5.0 u1/ml treatments were only weakly-
to-moderately toxic. Treatment with 7.5 ul/ml (not shown)
killed nearly all the cells within twenty-four hours. Except
for the one culture exposed to 2.5 ul/ml, the mutant frequencies
remained below the minimum value of 52.9 x 106 considered
necessary to indicate mutagenesis. The observed increase at
2.5 p1/ml was too small to provide sufficient evidence

for mutagenesis and could only be interpreted as an anomaly,
since the more toxic treatment with 5.0 ul/ml did not yield

a similar or even larger increase. These results were there-
fore evaluated as showing the lack of mutagenesis by the

test material for concentrations closely approaching excessive
lethality.

The average cloning efficiencies for the solvent and untreated
negative controls varied from 84% without activation to 72%

with activatioa, which demonstrated good culturing conditicns

for the assays. The negative control mutant frequencies were
normal, and the positive control compounds yielded normal

mutant frequencies that were greatly in excess of the backgrounds.

-




Ak
1 activation. Concentrations
uiiﬂ was extrenly toxic

" Subni,ttgd by:
Study Director

e%ﬁ* A3t

Section Chief
Mammalian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

vid J. rus\ck. .
Director
Department ot Genetics
and Cell Biology
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te the test material for its
tation - e L5178Y TX+/- mouse lymphcma
colony growth in the presence of 5-bromo-2'-
rifluorothymidine (TFT). o

e kinase (TK) is a cellular enzyme that allows cells to salvage
dine from the surrounding medium for use in DNA synthesis. If a
.analog. such as BrdU is included in the growth medium, the
will be phosphorylated via the TX pathway and be incorporated

- into DNA, eventually resulting in cellular death. Cells which are hetero-
. 2ygous at the TK locus (TK+/-) may undergo a single step forward mutation
~..to the TK -/- genotype in which little or no TIK activity remains. Such
o mitants are as viable as the heterozygotes in normal medium because DNA
. synthesis proceeds by de novo synthetic pathways that do rot involve
~ thymidine as an intermediate. The basis for selection of the TK-/-
wmutants is the lack of any ability to utilize toxic analogs of thymidine,
which enables only the TK-/- mutants to grow in the presence of BrdU.
Cells which grow to form colonies in the presence of BrdU are therefore
- assumed to -have mutated, either spontaneously or by the action of a test
substance, to the TK-/- genotype.

MATERINS
~A. Indicator Cells

The mouse 1ymphoma cell line, L5178Y TK+/-, used in this assay is

derived from tne Fischer L5178Y line of Dr. Donald Clive. Stocks

are mintained in liquid nitrogen and laboratory cultures are period-
—ieally chackad far the absance of mycsslaszs contamination by

culturing methods, To reduce the negative control frequency (spon-

taneous frequency) of TK-/- mutants to as low level as possible, cell - -

cultures are exposed to conditions which select against the TX-/-

phenotype (exposure to methotrexate) and are then returned to normal

growth medium for three or more days before use.

Nedia

The cells are maintained in Fischer's mouse leukemia medium supple- .
mented with L-glutamine, sodium pyruvate, and horse serum (10% by
volume). Cloning medium consists of the preceding growth medium

with the addition of agar to a final concentration of 0.35% to achieve
a semisolid state. Selection medium is cloning medium containing

100 ug/ml of BrdU or 3 ug/ml of TFT.

‘.

| @amm




3. MATERIALS (continued)

~ C. Control Compounds

1. Negative Controls

A negative control consisting of assay procedures performed

on untreated .cells is performed in all cases. If the test
compound is not soluble in growth medium, an organic solvent
(normally DMSO) is used; the final concentration of solvent

in the growth medium will be 1% or less. Cells exposed to
solvent in the medium are also assayed as the solvent negative
control to determine any effects on survival or mutation caused
by the solvent alone. For test substances assayed with activa-
tion, the untreated and solvent negative controls will include
the activation mixture.

Positive Controis

Ethylmethane sulfonate (EMS) is highly mutagenic via alkylation
of celiular DNA and will be used at 0.5 pl/ml as a positive
contrel for nonactivation studies.

DimethyInitrosamine (DMN) requires metabolic activation by
microsomal enzymes to become mutagenic and will be used at

0.3 ul/ml as a positive control for assays performed with acti-
vation.

Sample Forms

Solid materials are dissolved in growth medium, if possible, or in
DMSO. unless another solvent is cequected. Liquids ar2 te.ted oy
direct addition to the test system at predetermined concentrations or
following dilution in a suitable solvent.

4. [EXPERIMENTAL DESIGN

A.

Dosage Selection (Cytotoxicity testing)

The solubility of the test chemical in growth medium and/or DMSO is
first determined. Then a wide range of chemical concentratians is
tested for cytotoxicity, starting with a maximum applied dose of 10
mg/ml for test chemicals soluble in mecia or 1 mg/ml for solutions in
organic solvents. After an exposure time of four hours, the cells are
washed and a viable cell count is obtained the next day. Relative
cytotoxicities expressed as the reduction in growth compared to the
growth of untreated cells are used to select seven to ten doses that
cover the range from 0 to 50-90% reduction in 24-hour growth. These
selected doses are subsequently applied to cell cultures prepared

for mutagenicity testing, but only four or five of the doses will be
carried through the mutant selection process. This procedure compen-
sates for daily variations in cellular cytotoxicity and ensures the
choice of four or five doses spaced from 0 to 50-90% reduction in
cell growth.

u BIONETICS




based on that reported by Clive and
) and is sumnarized as follows. Cultures ex-
chemical for four ours at the preselected
hed and placed in growth medium for two or three
Ow recovery, growth and expression of the induced
' - TR=/- phenotype. Cell counts are determined daily and appro-
. _priate dilutions are made to allow optimal growth rates.

At _the end of the expression period, 3 x 106 cells for each
selected dose are seeded in soft agar plates with selection
- medium and resistant (mutant) colonies are counted after 10 days
__incubation. To determine the actual number of cells capable of
~forming colonies, a portion of the cell suspension is also
~-cloned in normal medium (nonselective). The ratio of resistant
colonies to total viable cell number is the mutant frequency.

A detailed flow diagram for the mutation assay is provided in
Figure 1.

- Activation Assay

The activation assay can be run concurrently with the nonactiva-
tion assay. The only difference is the acdition of the S9
fraction of rat liver homogenats ard necessary cofactors {(CORE)
during the four-hour treatment period. CORE consists of NADP
(sodtum salt) and isocitric acid. The final ccocentrations of
the activation system components in the cell susparsion ave:
2.4 mg NADP/ml; 4.5 mg isocitric acid/ml; and 5" .1 59/ml.

Preparation of 9,000 x g Supernatant (s9)

Fischer 344 male rats are normally used as the source of hepatic
microsomes. Induction with Aroclor 1254 or other agents is performed
by injections five days prior to sacrifice. Afrer decapitation and
bleeding, the liver is immediately dissected from tie animal using
aseptic technique and placed in ice cold 0.25M sucrose buffered with
Tris at pH 7.4, MWhen an adequate number of livers is obtained, the
collection is washed twice with fresh buffered sucrose and completely
homogenized. The homogenate is centrifuged for 10 minutes at 9,000
x ¢ in a refrigerated centrifuge and the supernatant (S9) from this
centrifuged sample is retained and frozen at -80°C until used in

the activation system. The $9 fraction may be obtatned from induced
or noninduced rats or other species, as requested.




" The screened doses, cell counts, and mutant and viable colony counts

Litton

\d;l be entered into a computer program. The results are analyzed and
printed. -

REFERENCE

Clive, D. and Spector, J.F.S.: Laboratory procedure for assessing
specific locus mutations at the TK locus in cultured L5178Y mouse lym-
phoma cells. Mutation Res., 31:17-29, 1975.
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ASSAY ACCEPTANCE CRITERIA

An assay will normally be cousidered acceptable for evaluation of

the test results only if all of the criteria given below are satisfied.
The activation and nonactivation portions of the mutation assays are
usually performed concurrently, but each portion is in fact an inde-
pendent assay with its own positive and negative controls. The acti-
vation or nonactivation assays will be repeated independently, as
needed, to satisfy the acceptance and evaluation criteria.

1) The average absolute cioning efficiency of the negative controls
(average of the solvent and untreated controls) should be between

70% and 130%. A value greater than 100% is possible because of errars

in cell counts (usually % 10%) and cell division during unavoidable -
delays between the counting and cloning of many cell cultures. Cloning
efficiencies below 70% do not necessarily indicate substandard culture
conditions or unhealthy cells. Assay variables can lead to artificially
low cloning efficiencies in the range of 50% to 70% and still yield
internally consistent and valid results. Assays with cloning efficiencies
in this range are conditionally acceptable and dependent on the scientific
Jjudgement of the study director. AN} assays beiow 50% cloning efficiency
are unacceptable.

2) The solvent and untreated negative controls normally have the same
growth rates and cloning efficiencies within experimental error. An
unusual effect by the solvent therefore indicates an abnormal cell
state or excessive amount of solvent in the growth medium. An assay
will be unacceptable if the average oercent relative growth of the
solvent controls is less than about 70% of the untreated control value.

3) The average negative control suspension growth factor should not be
less than about 15. The optimal value is 25, which corresponds to
5-fold increases in cell number for each of the two days following
treatment of the experimental cultures.

4) The background mutant frequency (average frequency of the solvent
and untreated negative controls) is calculated separately for concurrent
activation and nonactivation assays, even though the same population
of cells is used for each assay. The activation negative controls -
contain the S9 activation mix and typically have a somewhat higher
mutant frequency than the nonactivation negative controls. For both
conditions, the normal range of background frequencies for aszays
performed with different cell stocks is'5 x 1076 to 50 x 10-6. Assays
with backgrounds outside this range are not necessarily invalid but
w111 not be used as primary evidence for the evaluation of a test
material. These assays can prov* ‘e supporting evidence.

Littt! BIONETICS




_5) A-positive trol {s included with each assay to provide confidence

in the procedures used to detect muitagenic activity. The normal range
of mutant frequencies induced by 0.5 ui/ml EMS (nonactivation assay)
o 15300 to 800 x 10~€; for 0.3 u1/m) DMN (activaiion assay) the rormal
-~ range is 200 to 800 x 10-6, The concurrent background frequencies have
-~ been subtracted from these values. These ranges are broad primarily
~ because the effective treatment with these agents is variable between
assays. An assay will be acceptable in the absence of a positive
- control (loss due to contamination or technical error) only if the tect
material clearly shows mutagenic activity as described in the evaluation
~criteria. If the test material appears to have no or only weak muta-
genic activity, an acceptabie assay must have a positive control mutant
frequency above the lower limits of the normal range. Assays in which
the normal range is exceeded may require further interpretation by the
study director.

8) For test materials with little or no mutagenic activity, an assay
must include applied concentrations that reduce the suspension growth
to 5% to 10% of the average solvent control or reach the maximum applied
concentrations given in the evaluation criteria. Suspension growth
is_a combined measure of cell death and reduced growth rates. A 5%
relative suspension growth therefore could correspond to 90% killing
- followed by growth of the survivors at one-half the normal rate for
one day and normal growth for the second day. At the other extreme,
this condition could be obtained by no killing and complete inhibition
of growth for two days. A reasonable limit to testing for the presence
of mutagenic action is about 80% to 90% killing of cells. Because of
the uncertainty in the actual lethality of treatment in the assay
and the fact that mutant frequencies increase as a function of lethality,
an acceptable assay for the lack o mutageric activity must extend
to the 5X to 10X relative suspension growth range. There is no
maximun toxicity requirement for test materials which clearly show
“n_lgn#ie n}iui%&n.
7) An experimental treatment that results in fewer than 2.5 x 108
cells by the end of the two<day growth period will not be cloned for
mutant analysis.

8) An experimental mutant frequency will be considered acceptable for
evaluation only if the relative cloning efficiency is 10X or greater
and the total number of wviable clones exceeds about 20. Thesa limits
avoid problems wi i the statistical distribution of scoreable colonies
among dishes and allows factors no larger than 10 in the adjustment

- of tne observed number of mutant clones to a unit number of cells (105)
able to form colonies.
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9) Mutant frequencies are normally derived from sets of three dishes
for both the mutant colony count and the viable colony count. In
crder to allow for contaminatijon losses, an acceptable mutant fre-
quency can be calcuiated from a minimum of two dishes per set if tha
colony numbers in the two dishes differ by no more than about 3-fnld,

10) The mutant frequencies for five treated cultures are normaily
determined in each assay. A required number of different concentrations
cannot be explicitiy stated, althcugh a minimum of three analyzed
cultures is considered necessary under the most favorable test conditions
to accept a single assay for evaluation of the test material.

BIONETICS




'expééiﬂg~cel1fcu1turés"té”i"}ihééw o
is expected, on the basis

e | , ‘
~_range of toxicities to growth with emp
~ An assay may need to be repeated with different con

~order to properly evaluate a test materfal,

ge mutant frequency of
The minimum increase
es that assay variabil- -
r backgrounds and the calculated minimum

increase as defined above is often a repeatable result; statistical

analysis for the confidence 1.its is not yet available.

The observation of a mutant frequency that meets the minimum criterion
for a single treated culture within a range of assayed concentrations
is not sufficient evidence to evaluate a test material as a mutagen.
- ~ The following test results must be obtained to reach’ this conclusion

\ . for either activation Or nonactivation conditions:

. A dose-related or toxicity-related increase in mutant frequency
should be observed. It is desirable to obtain this relation
for at least three doses, but this depends on the concentration

steps chosen for the a$say and the toxicity at which mutagenic
‘activity appears.

. An increase in mutant frequency may be Toiiowed by only small
or no further increases at higher concentrations or toxicities.
vever, a decrease in mutant frequency to: values below._the
minimm criterion is not acceptable in i
R classifying the test material as a mutagen. If the mutagenic
activity at Yower concertrations or toxicities was large, a

repeat assay will be performed to confirm the mutagenic
activity.

. If an increase of about two times the minimum criterion or
greater is observed for a single dose near the highest testable
toxicity, as defined in the Assay Acceptance Criteria, the test
material will be considered mutagenic. Swaller increases at a
single dose near the highest testable toxicity will require
confirmation by a repeat assay.




For some test materials, the correlation between toxicity and
applied concentrsticn is poor. The Preportion of the applied
materis’ that 2 fectively interacts with the cells to cause
genetic alterati i X 1.
Conversely,

Therefore, either
parameter, appliec concentratsion or toxicity (percent relative
growth), can be u. d to establizh whe ‘he- the mutagenic activity
is related to a; ircrea 2 in effective tre.iment. A negative
correlation with dgse is acc.ptable only if a positive correla-
tion with toxicity exists. An apparent increase in mutagenic
activity as a function of decreasing toxicity is not acceptable
evidence for mutagenizity,

trations that extends to
relative suspension growth. If the test
relatively nontoxic, the maximum applied concentrations wil} normally
be 10 mg/m1 (or 10 ul/ml) for water-soluble materials or 1 mg/mi
{or 1 u¥/m1) for materials in organic solvents. If 3 repeat assay
does not confirm an earlier, minimal response, as (*<cyssed above,
the test material will be evaluated as nonmutagenic in this assay

syste:.

Th2 ASSAY ACCEPTANCE AND EVALUATION CRITERIA are Presenied to acquaint .
the sponsor with the considerations used by tka study director to
determine assay validity and th: mutagenic activity of the test
m-terial. inig presentation mar not encenpass all tesy S*tuations,
i especiaily when data
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This report contains a sunmary of the data compiled during the
evaluation of the test ccapound. The report is organized to present
the results in a concise ar. easily irterpretable manner. The

first part contains items i-IX. Items I-IV provide sponsor and
compound identificati~ information, tyve of assay, and the assay design
reference number. 7.3 aSiay %3 ja seferences indicate » standavd ory-
cedure described in i LU nn Tooneticel Tre 0T cae sk gen

for the Identificaticr . iateri:iz' 9wiadse w0~ Cipcinogs.. . ...n V
provides the iritiation a.. .c le ..n ..o-: cov ths study, ana

Item VI provides i =ntificai.on of <vpervisst - -ersonnel. Item VII
identifies the tables and,/~r figures containing -ne data used by the
study director in interpeting the test -esults. The interpretation
itself is in Item VIII. Item IX providss the conclusion and evalua-
tion.

s

The second part of the report, entitled Assay Design, describes the
materials and procedures employed in conducting the assay. This part

oY the report also contains evaluation criteria used by the study
director, and any appendices. The evaluation criteria are included
to acquaint the sponsor witn the methods used to develop and analyze
the test results.

A1l test and control results presented in this report are supported
Oy fully docurented raw data which are permanently maintained in
the files of the Department of Genetics and Cell Biology or in the
archives of Litton Bionetics, Inc., 5516 Nicholson Lane, Kensington
Maryland, 20795.

Copies of raw data wil! be supplied to the sponsor upon request.
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MATEF C 3 Genetics Assay Nunber 4899
’7mmwmwvwmmmmammmm

Date Received-' January 4, 1980

. .C..Physical Description: Clear liquid

; III “TYPE OF ASSAY: In Vitro Transformation of Balb/3T3 Cells Assay
IV, ASSAY DESIGN MMBER: 441 (LMT-107)

© STUDY DATES:

A

Initiation:  January 28, 1980

B. Completion: March 25, 1980
SUPERVISORY PERSONNEL:

A Study Director:

i , John 0. Rundell, Ph.D.
I ‘ - B. Laboratory Supervisor: G. Murthi
RESULTS:

“The nsu]ts of the assay are presented in Tables 1 and 2
on pages 4 and 5.

VIII. INTERPRETATION OF RESULTS:

Aaad mmada. . MPVORUVEPY, ¥ 3 Fuvare
f“ mn L -E= 1} iﬂi‘ “-vnlyt‘r-pyrr!)liuvne; was sUlw“ l" tﬂnunt

medium at a concentration of 1.0 u1/ml. Dilutions were performed
with culture medium to obtain a series of 15 concentrations in
2-fold dilution steps for the preliminary cytotoxicity test. The
cytotoxicity test determines the effect of the test material on the
ability of 3T3 cells to form colonies after 72 hours exposure and
is used to select test concentrations for the transformaticn assay.

The results of the cytotoxicity test are shown in Table i

The relative survivals of the treated cultures ranged from 37.0% at
1.0 ul/ml to 85.3X at 0.061 nl/ml. The transformation assay is

applied to treatments that cause between 50% and 100% survival and
is considered to be wost sensitive near 70% survival, since the
observed frequency of transformed foci is not corrected for the

........



VIII. INTERPRETATION OF RESU.™3 (continued)-

number of celis surysving the treatment. Therafe- 3, the v.4z
concentration range £ 0.5 y1/ml to 2.1 nl/mi, correspeadira
to a surviv.? range of approxiaately 52.3% to 832 {:stimsted
graphically) wa:s selected for the aszay.

The results of ¢he transformation assey are rresented in Table 2.

The historicai negative contro. fir %4 subcicne of 373 cells
used in this assay consists of 145 flasss omairing a t3tal of
12 transformed foci for an average of (.08 foc:/fiask. [n his
assay, 4 foci were observed amona 15 negative contrnal #lass,
giving an average frequency of 9.27 foci/flask. This sponvanecus
frequency was signifizantly different (p<0.05) from the histcrical
control value, using the Kastenbaum-Bowman Tables2. Tr srefoi 2,
the assay results were evaluated hy comparison with the inte nal
negative control.

A sudden increase in the background frequency of tran_vo med cells
is a characteristic of the 373 Tine that seems to occur rar omly
but with increased probability as tk: number of passages ir cuiture
increases. Wher the increase occurs, the frequency remains high
and it is necessary to return to frozen stock cells to maintain a
Tow background for future assays. The increase seems to represani
a rapid accumulation o¢ transformed cells rather thun 2 charge n
the sensitivity of the cells to transformation by treatment. Thus,
the MCA positive control in this assay yielded 4.26 foci/flask
above the background frequency, and this result was similar to
other assays in which MCA induced 3.5 to 5 foci/flask with celis
that had a background frequency within the historical baseline vor
clone I13C14. The validity of the assay, therevnre, does not

seem o be influenced by the increase in background; the primary
disadvantage is the loss in statistical resolution between the
treated cultures and a 1mited set of negative control ¥lasks.

As shown in Table 2, treatment with the test material at concentra-
tions from 0.1 nl/ml to 0.5 ul/mi caused a small, progressive in-
Crease in the average number of transformed foci,;flask. The
largest iacrease, however, represented a change in total number of
foci from 4 in the negative controls to only 9 in the cultures
exposed to 0.5 ul/ml of tes* material. This increase was not sig-
nificant at the 95% confidence level, using the Kastenbaum-Bowman
Tables?, so the test material was corsiderad to be inactive as &
transforming agent.

BIONETICS
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y1-2-pyrrolidone, did net induce a
~§r foci over the applied

1 nl/ml. This con-
rang Spon ed to a proximately 52.3% to 83%

in the cytotox'lcity ‘test, Therefore, the test
) ,‘s‘idered to be inactive in the Balb/3T3 In Vitro

‘. R Submitted by:
' Study Director

/
S/A8/8a
date
ssistant Section ChTEf { ’
Department of Genetics
and Cell Biology
Reviewed by:
Director

Department of Genetics
and Cell Biology



CLIENT:

COMPOUND CODE: N-Vinyl-2-pyrrolidone

GAF

TEST COMPOUND
DOSES TCSTED

1.

0.000061 wu1/ml

2. 0.000122 u1/ml
3. 0.000244 u1/ml
. 0.000488 u1/m
. 0.000977 ul/m
. 0.00195 u1/m!

4
5
6
7
8
9

10.
11.
12.
i3.
14,
15.
16.

. 0.00391
. 0.00781
. 0.0156
0.0313
0.0625
0.125
0.250
0.500
1.00C

BIONETICS

ul/ml

u ] /m]

ul/ml

ul/mi
ul/ml
ul/ml
wl/mi
ul/mi
ul/mi

¢ (control)

AVZPAGE NUMBER
OF COLONIES/PLATE

GENETICS ASSAY NO.__ 4899

313 CELLS

SOLVENT: Megium

DATS: February 13. 1980

% SURVIVAL
RELATIVE TO CONTRGL

107.7

102.0

€3.3

93.
92.
92.
86.
81.
80.
80.
76.
72.
69.
6¢€.

7
2
c
7
7
J
0
7
7
0
0
7

.3

85.3%

80.8%

73.
74.
72.
72.
>68.
64.
63.
63.
60,
57.
54,

37.

9%
2%
8%
8%
6%
7%
3%
3%

100%
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ASSAY DES1GN (NO. 441)

i.

OBJECTIVE

This assay evaluates the carcinogenic potential of test materials
using mouse BALB/3T3 cells in culture. The objective of inis
semi-quantitative assay is to evaluate the tesy material for its
abiiity to induce foci cf transformed cells, recognized by dense,
piled-up colonies on a2 monolayer of normal cells.

RATIONALE

BALB/3T3 mouse cells wiil multiply in culture until a monoiayer is
achieved and will then cease further division. These cells, if
injected into immunosuppressed, syngeneic host animals, will not
produce neoplastic tumors. However, cells treated in vitro with
chemical carcinogens will give rise to foci of celiular growth
super-imposad on the cell monolayer. If these foci are picked
from the cultures, grown to larger numbers and injected into
animals, a malignant tumor will in most cases be obtained. Thus,
the appearance of piled-up colonies in treated cell cultures it
2 higher frequency than in control cultures is highly correlated
with m=lignant transformation. )

3. MATERIALS
A.

Indicator Ceils

Clone T+ of BALB/3T3 mouse cells was obtained from Dr. Takeo
Kakunaga. Furtie. subclones, selected for low spontaneous
frequercies of foci turma*ion, ars uw:  for assays. Stocks
are maintained in liquid nitragen and laboratory cultures are
checked pericdicaily to ensure the absence f mycoplasma
contamination. Cultuses are grown and passaged weekly in
Eagle's Minimum Sssential Medium (EMEM) suppliemented with 10%
feta! bovine serum.

B. Controi Compounds

1. Negative Controls

A negative contro! consisting of assays performed on
untreated cells is performed. If tha test compound is not
scluble in growth mediu:, an organic solvent (nrormally
DMSO} is used; the final concentration of solvent in the
growth medium will be i% or less. Cells exposaed to solven*
in the medium are assayed a: the solvent negative control
to determine any effects on survival or transformation
caused by the solvent alone. Fifteen flasks of tiie

BIONETICS
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3-@1:}!11cholanthrene (MCA) is a known carcinogen and is
- -used as-a positive control for the transformation of

- 373 cells  Fifteen flasks are treated with 5 ug MCA per

millilite cor each assay.

- C. Sample Forms
- Solid materials are dissolved in growth medium, if possible,

or in DMSO, unless another solvent is requested. Liquids are
tested by direct addition to the test system at predetermined
concentrations or following dilution in a suitable solvent.

EXPERIMENTAL DESIGN

L A;'V'D'osagg Selection

The solubility of the test chemical in growth medium, DMSO
or other sclvent is first determined. Fifteen dose levels
of the test compound are then chosen, starting with a maximum

- applied dose of 1 mg/m! for solid compounds or 1 ul/ml for

liquid samples and decreasing ¥n twofold-dilution steps.
Each dose is applied o three culture dishes seeded 24 hours

_.earlier with 200 cells par dish. After an exnacurs rariad

of three days, the cells are washed and incubated in growth

mwedium for an additional four days. The surviving colonies

are stained and counted by an automatic colony counter. A
relative survival for each dose is obtained by comparing the
number of colonies surviving treatment to the colony counts
in negative control dishes. The highest dose chosen for
subsequent transformation assays should cause no more than a
50% reduction in colony forming ability and is best located
near 30X reduction. Four lower doses (including one or two
doses with low or no apparent toxicity) are also selected
for the transformation assay.

B. Transfomtionr Assay
The procedure used at LRI is based on that reported by

Kakunaga (1973)%.  Twenty-four hours prior to treatment,

a series _f 25-ca® flasks is seeded with 10° cells/flask

[Huoweres




4. EXPERIMENTAL DESIGN (continued)
~ B. Transin.mat’on Assay =

and incubated. Fifteen flasks are then treated for each
of the following conditions: Five Preselected drses of
test chemical; pos. iive ¢ trol; and solvent negative
control. if applicable. The flasks are incubated for

a three-day exposure period; the ce'ls are then washed
and incubation i3 continued for tour weeks with refecding
twice a weex. The assay is terminated by fixing the

cell wonolayers with methanol ang staining with Giemsa.
The stained flasks are examined by eye and by micrescope
to determine the number of foci of transformed cells.

5. SCORING OF TRANSFORMED FOCI

At the end of the four-week incubation period, cultures of
normal cells yield a uniformly stained monolayer of round,
closely-packed cells. Transformed cells form 2 dense mass
(focus or colony) that stains deeply (usually 5lue) and is
superimposed on the surrounding monolayer of normal cells.
The foci are variable in size.

Scored foci have several variations in morphological features.
Most foci consist of a dense Piling up of cells anc exhibit

2 random, criss-cross orientation of fibroblastic cells at

the periphery of the focus. Otper scored foci are composed

of more rounded cells with little criss-crossing at the periphery
tut with necrosis at the center caused by the dense piling

up of a large number of cells. A th'rd variation is a focus
without the necrotic center and large number of cells but

which exhibit the criss-zross pattern of overlapping cells
throughout most of the cclcny.

Some foci are not scored. These include small roci of transformed
morphology that are found in close proximity to larger foct;

these foci are regarded as being formed from cells whi~h

migrated from the larger colony. Other unscored foci are small
areas where some piling up of rounded cells has occurred but

the random orientation of fibroblastic cells is not observed.
#Aicroscopic examination is employed f:r scored foci- and in

the final judgement of transformed character fcr ary marginal
foci.

CCNFIRMATION OF 1UMORIGENICITY OF TRANSFORMED CLONES

Most transformed clones will produce malignant Lumors when
collected from an unstained transformation plate and injeccsd
into syngeneic host animals. Although not routinely performed,
this confirmation step can be conducted at additional cost.

[B sione
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e :or evaluation of the test

< st of a contiguous monolayer

1S whic r not contain transformed foci. The lack
f a contiguous sheet of cells indicates growth conditions too

poor to allow the reliable detection of weak transforming agents

a Thenegative contro) transformation frequency does not exceed an

" - -average of about 2 foci/flack. Attempts are made to isolate and

‘maintain cell stocks (subclones of BALB/3T3 Iys) with a very low
- Spontaneous frequency of transformation.

The positive control yields an average number of foci/flask
“that is significantly different from the negative control at
_the 99% confidence level.2

‘A minimum of 8 flasks per test concition are available for
analysis. At least 4 dose levels of iest substance are assayed.

The dose Eange of test substance assayed falls within the 50-100%
survival range as determined by the preliminary toxicity test,
which measures relative cloning efficiencies. -




EVALUATION CRITERIA

In many cases, no truasformed foci will be observed in the set

of flasks comprising the negative control. This does not necessariiy
=can that any foci found in the treated flasks constitutes a
positive response in this assay. In order to determine what minimum
number of fo.. will allow a conclusion that the frequency of
transformed foci has been elevated over thc negative control, a
historical negative control data base is used. This data base
consists of the ten most recent assays in which 100 to 150 negative
control flasks have been scored. The total number of flasks and
transformed foci in this set will be provided in each repcrt.

The statistical tabies provided by Kastenbaum and Bowman? are usad

to determine whether the results at each dose levei are significantly
different from the historical control at the 95% or 99% confidence
levels. This test compares variables distributed according to
Pcissonian expectations by summing the probabilities in the tails
of two binomial distributions. The 95% confidence Yevel must be
?et %o consider the test substance aciive at a parcicular dose

evel.

If the negative control is found by the same test to be significantly
different froir the historical control (p < 0.05), the assay will be
evaluated independentliy. Comparisons between the curr.-t negative
control anc tested dose levels *+i11 be analyced by the Kas*>nbaum-
Bowman tibles.

The me=ber of induced fosi usually does riot increase preportionately
with the apslied dose in this assay. In fact, sbove a minimum case
level where the number of foci is elevated, fu-thar ircreases °n
dose ma2y result in little or no increasz in the number of foci.

The number of foci can be reduced at the highest dose assayed if

the tcxicity is tco high. A response at only one dose leva: (other
than the highest tested dose) that just meets the 95% confidence
level will normally not be considered sufficient evidence for
activity in this assay. A1l cther degrees of response will us.ally
provide evidence for classifying a test substance as ac“ive, although
the study director exercises scientific judgement and may obtain
expert opinion in the evaluation of eachi test substance.

D
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1. Kakunaga, T.: A quantitative system for assay of maligaent
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2 Kastenbaln, HA and an, 'K.O.: Tables for determining the
-.-statistical significance of mutation frequencies. Mutation Res.,
- 9:827-549, 1970.




A. Inspectior
®

q.
{referenca 21 (F5

?RQ&ECT,&" 99 L ‘ {31 Assay Na. ‘Yf‘??
e of STt T Vilro Tromeloraa b of BR28/372 Cols

-4

This final study report was reviewed 3y the L3I Juaiity Assurance

Unit on P4 .1//?_9 . A report of findings was submictad 29 the

Study Oirector and to Managecent on ‘// ﬂj/}» .

The shert-te=m nature of this study preciuded inspection while it
was in procass. The Quality Assurancs Unic inspects an in-process study of
this type ahgroximately svery three months to assure that ne significans

‘prablems exist that are likely to affact the intagrizy of this type of stuay.

bl L LGS

Auditor . Qual -ty Assurance JMit




- GENETICS ASSAY NO._ 4899

LBI-SAFETY--NO._ 4816

EVALUATION OF
V-Pyrol e (N-vinyl-2-pyrrolidone)

IN THE
PRIMARY RAT HEPATOCYTE
UNSCHEDULED DNA SYNTHESIS ASSAY

FINAL REPORT

SUBMITTED T0:
GAF CORPORATION

T361 ALPS ROAD
WAYNE, NEW JERSEY 07470

SUBMITTED BY:

LITTON BIONETICS, INC.
5516 NICHOLSON LANE |
KENSINGTON, MARYLAND 20795

ABL PROJECT M0. 20991

A

REFORT DATE: APRIL, 1980




PREFACE

This report contains a sumary of the data compiled during the
evaluation of the test compound. The report is organized to present
the results in a concise and easily interpretable manner. The

first part contains items I-IX. Items I-]V provide spcnsor and
compound identification information, type of assay, and the assay design
reference number. All assay design references indicate a standard pro-
cedure described in the Litton Bionetics, Inc. ‘Screening Program

for the Identification of Potential Mutagens and Carcinogens.” Item V
provides the initiation and completion dates for the study, and

Item VI provides identification of supervisory persocnnel. Item VII
identifies the tables and/or figures containing the data used by the
study director in interpreting the test resulits. The interpretation
itself i, in Item VIII. Item IX provides the conclusion and evalua-
tion.

The second part of the report, entitled Assay Design, describes the
materials and procedures employed in conducting the assay. This part
of the report also contains evaluation criteria used by the study
director, and any appendices. The evaluation criteria are included
to acquaint the sponsor with the methods used to develop and analyze
the test resylts.

All test and control results presented in this report are supported
by fully documented vaw datz which are peirmanently T2intained in
the files of the Departmant of Genetics and Cell Biology or in the
archives of Litton Bionetics, Inc., 5516 Nicholson Lane, Kensington
Maryland, 20795.

Copies of raw data will be supplied to the sponsor upon request.
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»ears;tﬁlfr’l'éss']iqufd B
e " Rat Hepatocyte Unscheduled DNA Synthesis Assay
ASSAY 5316»::00;';} w

A Inftiation: January 16, 1980
B, Completion: April 11, 1980
" YL SUPERVISORY PERSONNEL:
el A Study Director: Brian C. Myhr, Ph.D.

: B Labqrafory Supervisor: Marie McKeon

. O VIL REsUTS:

Eae “The dlta are presented in Table 1 on page 4.
VIII. INTERPRETATION OF RESULTS:

The test meterial, V- P.yml? was soluble in the WMZ (1% serum) culture
e M8dlm 2% 8 sonesndratioN OF 500 wi/mi, aithough the medium turned
- pink, indicating an alkaline pH by the phenol red component of the
medium. This stock was serially diluted in 2-fold steps and 25 u1
Quantities were added to the 2.5 ml cell cultures to achieve 2 dose
range of 5 ul/ml to 0.305 nl/m! for the preliminary cytotoxicity
testing. No pH changes were noted in the cel cultures as a result of
treatment. Two hours after a 45 min-exposure period, the number of
viable cells per unit area of the culture flasks was determined. Only
the 5 u1/ml treatment caused apparent toxicity (81.9% survival). By
24 hours treatment, however, the toxic »ction of the test material be-
came more evident. The survival to the 5 ui/ml treatment was approximate-
ly 15X, and the survival {ncreased steadily as the concentration decreased
-until 97.7% survival was obtained at 0.156 u1/ml. These results suggested
2 concentration nnge of about 20 u1/ml to 0.3 u1/m) for the UDS assay
n order to cover wide range of toxic effects on the cells. '




:3 - VIII. _INTERPRETATION OF-RESULTS ,-continued:

In the UDS assay, 1 hour treatments in WME containing 1% serum were
followed by a 3 hour labeling period with 3H-thymidine in complete
WME (10X serum). Si 0 each concentration of
test material in order to have three for labeling, one for a 2-hour
viable cell count, and two for determining a 24-hour average viable
cell count. The assayed concentrations (Table 1) were not whole
numbers because the 2.5 m] cultures were diluted with 0.25 ml of stock
solutions, which were freshly prepared in WME (1% serum) medium. The
survival data in Table 1 shows that a wide range of toxicity was
manifest during the labeling period. The exposure to 18.2 ul/ml was
completely lethal, and as the concentration decreased from 9.09 ul/ml
to 0.284 u1/ml, the survival increased from 25.2% to 100.0%. Further
cell death occurred with additional time following treatment such
that a survival range of 6.2% to 84.5% was observed 24 hours later.
These results show that an appropriate treatment range was assayed
for the possibility of different degrees of DNA damage, detectable by
measuring unscheduled DNA synthesis (ups).

The assay did not detect the presence of UDS activity caused by the
treatments with test material. None of the parameters used to assess
UDS activity were greater than the solvent control values. One of

the solvent control coverslips had an unusually high level of nuclear
labeling with a mean grain count of 5.02 grains/nucleus and 32% of

the nuclei having 6 or niore grains. If this culture had been excluded
because of some technical fault, the solvent control values in Table 1
would have been 1.88 grains/nucleus and 9.0% nuclei with 6 or more
grains. Only the high dose of test material (9.09 ui/ml) gave UDS values
exceeding this adjusted solvent control level, but the increase was
insignificant and well below the criteria for a positive response. In
contrast to the test material, the 2-AAF pasitive control clearly in-
duced a response that met all of the criteria for UDS. Therefore, the
assay provided convincing evidence that the test material did not inter-
act with cellular DNA in a way that resulted in UDS activity.

The number of heavily-labeled nuclei (blackened with numerous grains)

was Tow in this assay. Among the 12,000 cells screened in the entire
assay (500 per coverslip ), an average of 0.06% (7 cells) were heavily
labeled. Therefore, very few hepatocytes were undergoing DNA replication
and this process did not interfere with the measurement of UDS.




table UDS in primary
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of this assay is to detect DNA damage caused by the

ctive metabolite by measuring UDS in primary

tro. The existence and degree of DNA ‘damage

“from an increase in nuclear grain counts compared

epatocytes. The types of detectable DNA damage are

i st must be recognizable by the cellular repair system
mﬂsu'ls"zn the incorporation of new bases ( including ¥H-thymidine)

. Fresh_hepatocytes obtained from rat liver will attach to a surface
. in.culture and continue to metabolize for several days without
~.undergoing cell division. Less than 0.2% of the cells enter
- S phase (replicative DNA synthesis). Therefore, if 3H-thymidine
- "is introduced in the culture medium, little or no label will be
- incorporated into nuclear DNA. The addition of a test material
.o that interacts with the DNA often stimulates a repair response
++. -in which the altered portion of DNA is excised and the missing
~..-region replaced by DNA synthesis. This synthesis of DNA by non-
dividing cells is known as UDS and can be measured by determining
the amount of SH-thymidine incorporated into DNA. In this assay,
~-an autoraaiographic techniquells used to determine the number of
~Tgreins per nuCieus caused Uy - H-tnymidine incorporation. This
UDS measurement of DNA repair is highly sensitive and appears to
- correlate very well with the known mutagenic or carcinogenic
~ activities of chemicals (Williams, 1977?. Furthermore, the use
- of primary hepatocytes has the advantage that these cells have
sufficient metabolic activity to eliminate the need for the addi-
tion of a microsomal activation system. k

MATERIALS
A, Indicator Cells

-The “indicator cells for this assay are hepatocytes obtained
~from adult male Fischer 344 rats (150-300 g), which are pur-
chased from Charles River Breeding Laboratories, Inc. The
animals are fed Purina Regular Rodent Chow (Formula 5001)
and water ad libitum. One animal, identified by cage card,

- s used for the assay after a minimum quarantine period of




3. MATERIALS (Continued)

A.

Indicator Ceils

The cells are obtained by perfusion of the liver in situ with
a ccllagenase solution, as described in Experimental Design.
Monolayer cultures are established on plastic coverslips in
culture dishes and are used the next day for the UDS assay.

Media

The cells arz cultured in Williams' Medium E (WME) supplemented
with 10% Yetal bovine serum, 2mM L-glutamine, and 125 ug/ml
gentamycin. This medium is referred to as complete WME;
incomplete WMZ contains no serum.

Control Compounds
1. Negative Controls

A negative control censisting of assay procedures performed
on untreated cells is performed in all cases. If the test
material is not soluble in water, a stock solution in an
organic solvent (normally DMSO) is prepared; the final concen-
tration of solvent in the growth medium will be 1% or less in
the treated cultures and the negative (solvent) control.

2. Positive Controls

The positive control compounds are known to induce UDS in

rat hepatocyte primary cell cultures. 2-Acetyl aminofluorene
(2-AAF) at 2 x 10°3M (400 ng/ml1) is normally used as the
positive contrel. Aflatoxin B; (AFB;) at 2 x 10%M (60 ug/mi)
or a sponsor-specified vositive control may ziso be addad or
subsiituted for 2-AAF.

4. EXPERIMENTAL DESIGN

A.

Dose Selectien

A preliminary cytotoxicity test is initiated with a series of
applied concentrations of test material, starting at a maximum
concentration of 5000 ug/ml (o 5 u1/ml) and diluting in two-
fold steps to aoout 0.5 ug/ml (0.6 nl/ml). The cells are
exposed for a period of 1 hour about 2 hours after initiation

of the primary cultures. After removal of the test material,
tie cells are incubated an additional 2 hours in WME. A

viable cell count (trypan blue exclusion) is obtained and

those treatments that reduced the number of viable cells below
about 50%, relative to the negative control, will be eliminated
from further testing. A second viable cel!l count is obtained

at about 24 hours for the remaining treated cultures. At least five
doses which span the range from no apparent toxicity to complete
loss of viable cells in about 24 hours will be chosen for the
UbDS assay. -

EHCN%§ﬂ1CEi




ibed by

Tiams

ed by perfusion of livers
anced salts (Ca**- and Mg**- ¢
-bis (8-aminoethyl ether).
-and HEPES buffer at pH 7.0.
s/ml of Type I collagenase
for 10 min.  The hepatocytes
excised livers with a sterile

2 culture dish containing incomplete WME and

< After centrifugation to remove the collagenase,

- cells are resuspended in complete WME and are counted.

P_sStic coverslip, is inoculated with about 0.5 x 106 viable
cells in 3 1 complete WME per dish. o

“An attachment period of 1.5 hours at 37°C in a huidified

.. atmosphere containing 5% CO2 is allowed. Unattached cells

are then removed and the cultures are refed with 2.5 ml
~complete WME. Some of the cultures are then used for the
-preliminary cytotoxicity test, while the remaining cultures
_-are-incubated at 37°C until the next day for the UDS assay.

"The UDS assay is initiated by replacing the media in the
~culture dishes with 2.5 ml WME containing only 1.0% fetal

~‘bovine serum and the test material at the desired concentra-

~tion.  If the test material is dissolved in DMSO, 25 ul
aliquots of appropriate stock solutions are added to 2.5 ml
-of media (1.0% serum) in the culture dishes. Each treatment,
_including the positive and negative controls. is performed

_on Six cultures. After treatment for one hour, the test
materfal is removed and the cell monolayers are washed twice

~.-with incomplete WME. Three of the cultures for eac: treat-

ment are used to monitor the toxicity of treatment; these
cultures are refed with complete WME and returned to the

- incubator. The other three cultures from each :treatment are
refed with 2.5 ml complete WME containing 1 uCi/ml of

- 3H-thymidine and incubated for 3 hours. The labeling is
terminated by washing the cultures with complete WME contain-
ing TwM thymidine. The toxicity of each treatment is
monitored by performing viable cell counts on one culture

2 hours after treatment anda on two cultures about 24 hours

later.

wiries of 35 mm culture dishes, each containing a 25 mm round

ree)




EXPERINENTAL GESIGN (Continued) ,
8. DS Assay

‘.

The nuclei in the labeled cells are swollen by placement of
the coverslips in 1% sodium citrate for 10 min, and then the
cells are fixed in acetic acid:ethanol (1:3) and dried for
at least 3 days. The coverslips are mounted on glass slides
(cells up), dipped in Kodak NTB2 emulsion, and dried. The
coated slides are stored for 2 weeks at 4°C in Tight-tight
boxes containing packets of Drierite. The emulsions are then
developed in D19, fixed, and stained with Williams' modified
hematoxylin and eosin.

The cells are examined microscopically at appreximately

1500x magnification under 0il immersion and the field is
displayed on the video screen of an automatic counter. UDS

is measured by counting nuclear grains and subtracting the
average number of grains in three nuclear-sized areas adjacent
to each nucleus (background count). This value is referred

to as the net nuclear grain count. The coverslips are coded
to prevent bias in grain counting.

S. [EVALUATION CRITERIA

The net nuclear grzin count is determined for 50 randomly selected
cells on each coverslip, whether or not the nuclei contain grains.
Only normal-appearing nuclei are scored, and any occasional

nuclei blackened by grains too numerous o count are excluded as
cells in which replicative DNA synthesis occurred rather than
repair synthesis. If the actual count for any nucleus is less
than zero (i .a., cytonlasmic count is greater than nucliear count),
a net value of zero is used in the calculation of the mean value.
The mean net nuclear grain count is determined from the triplicate
coverslips (150 total nuclei) for each treatment condition.

Several criteria have been established which, if met, provide a
basis for evaluation of a test material as active in the UDS assay.
These criteria are formulated on the basis of published results
and leYoratory experience and are used in lieu of a statistical
treatment at this time to indicate a positive response. While

the criteria are arbitrary guidelines that may not be applicable
tc 211 assays and may need revision as the data base increases,
they represent a reasonable approach to the evaluation of the

test material.

[H sionencs




unt to at least
rrent negative

gﬁins to 'increase'
“examined pop on, in excess of the
ve control, and/or .. .

ercent o clif umzo b}, more grains to reach or
1 2% of the examined population.

Generally, if the first condition is satisfi
often the third conditions will also be met. However, satis-
: on-of only the second or third conditions can also indicate
~-UDS activity. “Different DNA-damaging agents can give a variety of
- nuclear labeling patterns and weak agents may strongly affect.

only a small minority of the cells. Therefore, all three of the

nditions are considered in an evaluation. If the nega-

trol an average of 6 grains/nucleus or 1% of the

ve control s
ti}'!;;ihave 20 grains/nucleus, the assay will normally be considered
valid. ,

ed, the second and

A dose related fncrease in UDS for at least two consecutive
S applied.concentrations is also desirable to evaluate a test
~ - material as-active in this assay. In some cases, UDS can increase
- wi e and then decrease to near-zero with successively higher
doses. If this behavior is associated with increased toxicity,
~the test material can be evaluated as active. 1€ an dsslated
e imﬂﬁ:ﬁi‘i treatment far removed from the toxic doses,
~the UDS will be considered spurious.

The test material is considered inactive in this assay if none
of the above conditions are met and if the assay includes the
mximum applied dose or other doses that are shown to be toxic
by the survival measurements. If no toxicity is demonstrated
. for doses below the maximm applied dose, the assay is con-
sidered inconciusive and will be repeated with higher doses.

The positive control values dre not used as raference points to
measure the UDS activity of the test material. UDS elicited by
‘test agents in this assay is probably more dependent on the type
- of DNA damage inflicted and the avai able repair mechanisms than :
- on. the potency of the test gent as a mutagen or carcinogen. Some
fer'?siof u‘%smm dre repaired without the tncorporation of new -
nucleic acids. 1 e use mons tn
.- that the cell population employed was responsive and the method- ,
ology was adequate for the detection of UOS. s R

assay atapplied

_Thus, the positive controls are used to deminstrate




‘Williams, G.M.: Detection of chemical carcinogens by unscheduled

DNA synthesis in rat liver primary cell culture. Cancer Res., 37:
- 1845-1851, 1977.




~Thi§ fihii Study report was reviewed by the LBI Quality Assurance
Unit on 7 " '2080 . A veport of findings was submitted to the
Study D’Irector ind to Management on '{;/ Q0

The short-term nature of this study precluded inspection while it
ws ia fpncess.— ‘The Quality Assurance Unit inspects an in-process study of
tMs tirpe approximtely every three months to assure that no significant
problens txnt tmt are likely to affect the integrity of this type of study.
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azgsg_igggg fo: any teratogenic
kﬁral administration

Ogr test No.
XIX/7421

- Pormulation of question

,PYrrblidant has already been tested for any teratogenic
‘effect in the mouse after repeated intraperitoneal and
oral administrations (see Report of May 29, 1S70). There
follows a report on corresponding tests with the product

—-on-the rad after oral administration.

Experimental procedure

Sprague-Dawley rats (SPF breed supplied by Gassner, Ottobrunn,
FRG) were used for the investigations. The ‘animals received
Altromin-R (Altrogge, Lage/Lippe, FRG) as feed and water

ad libitum.

The animals were housed in Makrolon cages, type D 3, (2
animals/cage) in an air-conditioned room (22 2°C, so 2
S$% humidity).

The investigations were carried ocut in accordance with tha
- FDA guidelines (Guidelines for reproduction stuﬁies for
safety evaluation of drugs for human use. Food and Drug
ﬂﬂniai:tritinn. Hhshiagt’"j Jinuiry 196%).




Pregnant animals were weighed on day O of pregnancy (=

~positive evidence of spsrm “ter mating at night) and .
spiit up into groups at random. The dose of the test sub-
stance administered from the &th-15th day post coitum was
based on the weight of the rat on day O. The concentration
of the solutions was adjusted in such a way that the amount
of test substance to be administered for 100 g rat was con-
tained in a volume of 0.5 ml. On the 20th day post coitum
all the treated and untreated rats were sacrificed, the
uteri were removed, the insertion and fetal resorption
sites were recorded, the number of live and dead fetuses,
their body length, their weight, and the sex and wéféht

of the placentas were determined, and the fetuses were exa-
mined macroscopically for any deformities. Then 2 third of
the fetuses of each dam were fixed in Bouin's solution

and transversal sections were prepared and assessed accor-
ding to WILSON's method (Wilson,Warkany: Teratology, Prin-
ciples and Techniques, 1563). For th2 assessment of the
skeletal system, the remaining fetusss were fixed in 96%
strength alcohol, clarified with potassium hydroxide solu-
tion and stained with Alizarin red-S according to a modi-
fied DAWSON method (DAWSON, Stain Technol. 1, 123 (13926)).
the uteri of the cpparsatly non-pregnant animals or the
empty uterine horns in the case of single~horn pregnancy
were placed in 10% strength ammonium sulfide solutior,

left there for approximately 5 minutes and then asssssed
again in order to determine early resorptions. (Salewski,
Arch. exp. Path. Pharmakol. 247, p. 367 (1964).




rtha iﬁgﬁé,iﬂithnanléb&eh#aﬁicn

o: théﬂrit, oqgllx"
"iﬁ!ho test,substance was adminlstered to the rats in the

1:focm of 30 - 60% strength solutions in aqua dest.

e

't ii§§t:9rou§"iAhoﬁn€ of test Number of pregnant
: | substance dams

N 1700 mm3/xg 20
B * S ~econtrol, untreated| 22

 Tﬁtrim6ﬁnt of test substance specified in the table was
‘administered orally to the dams daily from the 6th - 15th
day post coitum.

~All the animals were checked each day for any clinical
symptoms of toxicity and weighed three times a week and
- before being sacrificed on the 20th day post coitum.

The treatment of the animals was carried out daily between
11.00 and 12.00 hours. The solutions were prepared freshly
each day. '

A total of 141 and 72 in test group I and 145 and 72 fe-
tuses in test group II were examined by DAWSON's and WILSON's
methods respectively.

RESULTS (see Tables 1 - 8)




.. 1. Sffect on the dams (Tables 1 - §5)

~ 'All the pregnant rats tolerated the 10 oral administrations
of pyrrolidone at a dose of 1700 mm3/kg without visible
signs of toxicity. One dam (No. 11) died intercurrently
on the 17th day post coitum. The animal proved to be not
pregnant. No substance-induced changes could be observed

macroscopically.

The mean number of implantations and the percentage of

resorptions with reference to implantations in the test

group corresponded to the Values of the control group.

2. Effect on the fetuses (Tabie 6)

The mean weight of the fetuses and their length in the
test group did not differ from the values in the control
group. The mean weights of the placentas in the test group
and untreated control group were also almost the same.

The percentage of deformed fetuses with refersnce to live

fetuses was 2.8 in both groups similarly, the number of

3 ’
runts was of the same percentage in the test anc sontroi

groups.

3. Skeleton assessment (Table 7)
Fetusss of dams Nos. 1 - ZSX) (1700 mms/kg)

One fetus of dam No. 6 had a bipartite 12th thoracic ver-
tebral centrum. One fetus of dam No. 10 was observed to
have anasarca and two further fetuses of this dam had a
Cleavage of the 11th thoracic vertebral centrum. Dam No. 22

) Original records can be inspected




-had e bipartite 11th thoracic vertebral centrum.
The presphenoid was missing in one fetus of dam No. 44.
One fetus ‘of "dam No. 47 had a bipartite 12th thoracic ver-
tebral centrum.

Ae;;ét;r;ansyersai-sections (Table 8)
“;ﬂ:Petqses of dams 1 - 25*’ (1700 mm3/kg)

- No Qefqrmities were found in the fetuses of these dams.

Petuses b? dams 26 - Slx) {Control, untreated)

No deformities were found in the fetuses of these dams.

-

Summary
Pyrrolidone was tested for any teratogenic effect on
Sprague-Dawley rats.

In accordenée with the FDA recommendations, pyrrolidone
was administered to pregnant rats from the 6th to 1S5th
day post coitum. B R

The dose was 1700 mm3lkg, cortesponding to 1/5 ALD S50,
Control animals remained untreeted as control.




":ﬁ‘e’"’"’f@'}"laﬁiﬁg"c’ﬁte‘fis’wé're used for evaluating tﬁe'étUd’;’::,

Effect of the test substance on the dams
Macroscopically evident changes in the dams at necropsy

Determination of the length and weight of the fetuses
and weight of the placentas

Macroscopic assessment of the fetuses
Assessment of the skeletal system after staining

Assessment of transversal sections.

The pregnant dams tolerated the 10 oral administrations
of pyrrolidone without any visible symptoms of toxicity
or any macroscopically evident pathological changes.The
deformities or anomalies found in the fetuses of the test
group corresponded in type and number to those of the

. changes occurring spontaneously in Sprague-Dawley rats.
Pyrrolidone does not therefore have & teratogenic effect

in Sprague-Dawley rats.

sign. sign.

(Dr. med. H. ZELLER) (Dr. med. vet.J.PEH)

Annexes

Tables 1 - 8




_Live fetuses per dam

Dead fatuses

' .Re;b;ptions E

"% with reference to
implantations .

Dams with:

1 resforpt;ian o

2 resorptions

3 resorptions - .

" more than 3 resorptions




L
jueubaad jou

Jueubaad jou
1L
L
vl

/3uveubaad
Ly L
Lt it
8 o1
it 141
9L LT
¢t 4

Slo o

oL Zt
|2 14
£ 8 6

[4 [4 € 41 144
>~umJ 12307 oTews arew 12303
suotadaosay £98N393 peap . §3SN393 BA1Y Suorjejuetdwr

afjvivjn ]| o ol w

. Wn310d 380d Aep yjcp - 419 :3udwieaay
1/ ifﬂooew $0%0q BUopTr01aAd :adURyS(NS 380y 182 :537dvds Tewyuy

CICp IBIITT renpyAaTpur

4
i
i
i

s

¢ e e————.. .

“'i..:, B el M Al o 0 ot e, N . d bl bbbt




Juvubs

ad ou




St

114

jueubsad jou

cl

[44

10] 4

jueubzad jou

.l

4

9

L

et

t1

Jjueuboad j0u

144

jueubaad jou

0N

it

|2

T T

9

g

= £

£

3

~i
Lt & B oV B o VIS F'oN

4
6
6

O

>~um& 1e303

suotjdaosay

$98n393 pesp

arewsy

arew

898N13J BAT]

12307

suotjejuerdwr

.
Q
=
L)
-
-

) 1033105 o8R0

wnj10d jg0d Aep Y36l - 439 :judwWleDay,
duoptroaaid :aduevyrqns 3£07],
ejep J0933f1 tenpfAlpur

Jea :s827Dads Yeu Juy
b brquy







,'33143§§6l§5%§éati?4ﬂ5ffwiéfggf»su=sééh¢éi pyrrolidone
= Route of administration: oral '

Treatment: Sth - 15zh day post coitum

3

1760 mm~/kg Control (untreated)

Live fetuses, ‘ 213 217

2 10.7 9.7
D2ac fetuses, - 3
leight in g 2 . 3.30
Length in cm ¢ . h 3.5
“Jeight of the placentas @ ) 0.53
Fetuses with deformities ' 6

% with reference to
live fetuses 2.3

Number of runts (%) 19 (8.9)

’

T TN AT 4 T o 01 . Y . 1581074 % 5 1mgrm
’




- Control (untreated)

\Aplasia of individual
--sternebrae

°‘Insuff1=ient'cssification )
M‘

__General retardation
 snu11

1 (0.7
1 (0.7)

4 (2.8)

1 (0.7)

5 (3.5)

145




| Animul species: rat "7 Tes:z substance: pyrrolidone
| _Traatment: §t SN -dBY POSE QOE By T T s e
z¥Plcute of administration: oral

Assessment of the fatusss according to JILSON (transversal sections)

1700 mm3/kg Control (untreated)

Number of fetuses examined 72 72

\ncmalies (%)

3iight dilatation of the
lateral ventricle 2 (2.8)

Incomplete descent of
the testis 1 (1.4)

s

-

B U
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; "f}Out;éngreﬁcP 6700 Ludwigshafen
ST XTX/421 o May 29, 1970

,;;Répo:twonrthe~£estingfof'pyrrolidone for any teratogenic

effect in the mouse

' The Monomer Department (Dr. Hofmann) sent us a sample to

be tested for any teratogenic effect

- Pyrrolidone ) ‘ Our test No.

XIX/421
=g
H2C CO
A4
‘ H

Formulation of question

The testing of pyrrolidone for any teratogenic effect proved
Lo b¥ necessiry because an analgesic containing a compo~
nent substituted with the pyrrolidone ring had been found
to have a teratogenic effect in rats which a comparative

. product containing the component without a pyrrolidone

ring did not have.

The tests described below were initially carried out only
on mice since, at the time, corresponding tests on rats
were not possible because of lack of space. It was inves-
tigated whether the repeated intraperitoneal or oral ad-
miaistration of pyrrolidone to dams in the sensitive phase
of pregnancy caused deformities in the fetuses.




The investiga;ions were carried out with NMRI mice (breed
of Gassner, Ottobrunn, FRG). At the beginning of the test
the mice had a mean weight of 27 g.

tethod .

Since, whan compounds are being tested ior any teratogenic
effect, not only the amount of test substance administered
is of decisive importance but in particular the timing of
the administration, several hundred sexually mature femzles
were placed together with males ( S $ / 1 &) for two hours
in these tests in ordar to keep the cohabitation period

and thus the fertilizing perlad as short as possible. Then
all female animals that had a vaginal plug and were thus
considered to be very probably pregnant were housed indi-
vidually. The animals were weighed and split up into groups
of equal weights. The dose of the test substance that was
administered from the 11th -~ 15th day of pregnancy was

based on this mean initial weight. Thus each mouse was ad-

ministered the same amount of test substance in an equal
volume. On the 19th day of pregnancy all treated and untrea-
ted mice were sacrificed, the uteri were remcved, the im-
nlantaticn and fetal resorption sites wcre recorded, the
number of live and dead fetuses and their body length,
weight and sex were detccomined, and the fetuses were exa-
mined macroscopically for any deformities. Then the fetuses
wera fixed in 96% strength alcohol, clarified with potassium
hydroxide sclution and stained with Alizarin red-S accor-
ding to a modified DAWSON method for a better assessment

of the skeletal system.

Pyrrolidone was administered to the dams intraperitoneally
or orally in the middle of pregnancy, i.e. from the 11th -
15th day of pregnancy. Aqua dest. was used as the solvent.
The solutions were prepared freshly each day. The volume
administered was 0.2 ml/mouse both orally and intraperi-
toneally.




ic effect when it
he 11th to 15th

irheAapprcximativermedian lethal dose (ALD 50), with an
"observation period of 14 days, was

about 3500 cmm/kg for the mouse, intrageritcneallx

b) Treatment of,thg,teé;ﬁg;ouos e

Group 1 5 x 1/2 ALD 50 = 5 x 1750 cmm/kg
= 5 x 0.2 ml of a 23.65% strength aqueous solution

Group 2 : control untreated

Group 3 S x 1/5 ALD SO = S x 700 cmm/kg
= 5 x 0.2 ml of a 9.46% strength aqueous solution

Group 4 control untreated

and 2}

The 5 intraperitoneal administrations of 1/2 and 1/5 ALD 50
from the 11th to 15th day of pregnancy were tolerated by all
the dams without any symptoms.

In the case of the 5 intraperitoneal administrations of 1/2
" ALD 50 (= 1750 cmm/kg) the resorption rate of 19.7% was
increased in compariscn with that of the controls (8.9%).
The mean fetus weight, the mean length and the number of
runts did not differ from the corresponding spontaneous
values or the corresponding values in the untreated control
group. The number of deformities at 3.4X% was somewhat above
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i that of the spontanecus values (1.7%). Four of the 118
live fetuses (3.4%) had cleft palates; no further defor-
- mities were sea2n in comparison to the controls. N

Even after 5 intraperitoneal administrations of 1/5 LD S50
(= 700 cmm/kg) the resorption rate at 11.3% was still higher
than that of the controls (4.5%). Litter size, mean fetus
weight and mean lenath of the fetuses did not differ from

those of the controls.

The overall deformity rate at 2.9% was somewhat higher than
the corresponding spontaneous values (0.8%).

The various individual deformities. are listed in Table 2.
The slightly increased rescrption rate observed in both
treated groups (group 1 = 5 x 1750 cmm/kg, intraperitoneally
= 19.7% and group 3 = 5 x 700 cmm/kg, intraperitoneally

= 11.3%) is attributable to the intraperitoneal route of
administration selected, although it is not clear whether
the action is mechanical or substance-induced. The volume
and the concentration of the solution administered, the

PH of the solution and the resulting change of the physio-
logical environment in the abdomen, the pressur: caused

by the administration of the solution, and the direct effect
of the administered substance on the uterus and thus on the
placenta or the vessels supplying the fetuses may increase
the resorption rate when there is repeated intraperitoneal
administration. This is supported by the fart that no in-
Creased resorption rate was cbserved with the repeated oral

administration of the product.

The percentage of deformities at 3.4% in test group 1

(5 x 1750 cmm/kg, intraperitoneally) was somewhat higher
than the spontaneocus values (1.7%); only cleft palates

were invelyed. This cannot, however, be assessed as a tera-
togenic effect of the product since cleft palates

occur spontaneocusly &s a deformity in the mice used and




3 ] for the dam produces 2 significant

left palates in the fetuses. They concluded
stigations that any unphysiological external

= exert a teratogenic influence as soon as it
prcduces a stress -situation 1n the dam.

II. Testing pyrrolidone for any teratogenic effect when

1t is administered. orally from the 11th to _15th _day of
gregnancz '

a) Acute oral toxicity

'~ The median lethal dose (LD 50, calculated according to
LITCHFIELD & WILCOXON), with an observat*cn paricd of 14
_days, was

S800 cmm/kg (5200-6470) for the mouse, orally.

b) Treatment of the test Groups

t 5 x 1/2 LD 50 = S x 2900 cmm/kg
= 5 x 0.2 ml of a 38.72X strength aqueous solution
control untreated

S x 1/5 LD 50 = S5 x 1160 cmm/kg
=5 x 0.2 ml of a 15.49% strength aqueous solution

control untreated




‘Result (compare Tables 3 and 4)

The S oral administratiens of 1{2 LD SO and 1/5 LD S0 -
from the 11th to 15th day of pregnancy were tolerated by allﬁrW””"
the dams without any symptoms.

In the case of the S5 oral administrations of 1/2 LD 50
the recorption rate, mean number of implantations and ‘the

mean litter size correspondéd to the control values.

The mean weight and the mean length of the fetuses were as

a whole somewhat lower than the comparative values,-although
the total ndmber of runts (2) was very low. Deformed fetuses
were observed in the case of 2 of 12 dams in the test group
(16.7%) and two of 14 dams in the control group (14.3%).

Of the total of 4 deformities (3.3%) in the test group,
three were exhibited by one fetus (cleft palate, microgna-
thia and fused ribs).This fetus was observed to have general
retardation of the ossification.

The corresponding control group was aiso observed to have
4 deformities (2.6%), 3 of which were similarly found in
one fetus (cleft palate, hypoplasia of the extremities
and hypoplasia of the ribs!.

The mean resorption rate was not increased after 5 oral
administrations of 1/5 LD 50 (test group 3). The mean number
of implantations and the mean litter size were somewhat
reduced in this test group. However, this is not the effect
of the test substance administered, since the nidation of
the egg had already taken place by the time (11th to 1S5th
day of pregnancy) the treatment of the dams was carried
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ibns, stnce no 1ncrtased incidence of defor-
Verved after S oral admlnistraticns of the '
altogethcr 2 1/2—fold LG50 (- 5 x 2900 cmm/kg) «

-

ASSESSMENT

'S intraperitoneal administrations of 1/2 ALD SO and of

-1/5 of the LD 50 caused a slight increase in the resorption
" rate as a sign of an embryotoxic effect; after S oral ad-
',”mihi#ititions of 172 LD 50 the mean weight of the fetuses
13 lower than that of the controls.

Therefore, although pyrrolidene h&s an embryctexic effect

meamnarad
in tThe “u: doses, no increased deformity Tate as compared.

~with the control values can be found according to the pre-
sent investigations on the fetuses of dams treated with
these amounts.

Thus pyrrolidone does not have a teratogenic effect on
NMRI mice.

sign.‘ sign.
(D!‘»'Itd-' “. IELLER) . - (m'a mad. vet. Je PER}




7 groupn of ttn fasted albino rats (S *n;ue—bavhy.
es) and a ld-day observation period after

g ¢ ! : od doses, the approximute acute oral 1Dsp was

‘ gulcuhtu to bg &.2 2 0.8 al/kg. (4320 + 820 wg/kg.) Based om

this resule, M-Pyro be classed as mildly to moderately toxic

by 1ngution.
~ Skin Itrisagion

In a repeated hsult patch test using 50 human subjects, no irritation
vas produced during the first 24-hour exposure. However, through
repeated and prolonged contact, some mild transient irritation reactions
were noted leading to the conclusion that it is a mild fatiguing agent.
No: tv:l.dcucn pointing to sensitization was noted.

In a -odiﬁcd Draize procedure using six slbino rabbits, 0.5 ml portions
of 100X N-Pyrol were applied occlusively to both azbraded and non-abraded
_ sites for 24 hours. Sites were scored at 24 and 72 hours and resulted

~ in a calculated Primary Irritation Index of 0.5 (indicates very low
potential for skin irritation).

Although the adbove tests indicate the material is mild to the skin,
sxperience over many years has included reports of skin effects, ordinarily

.ansanisread wirh sanrinuad aw mk;ﬂ Sroce contase ndrh X.Pnnn‘l auah

as might be associated with \nshlng by hand of metal or other parts in
open containers of the solveat. Based on this experience, repearted or

prolonged skin contact should bte avoided.

Due to the wide solvent properties of M-Pyrol, choice of protective

glove matarial is restricted. From the solubility characteristics of
M-Pyrol, it appears that gloves of polyolefin should be suitable although
GAF has not had good experience to report. A PVC-type glove, “Snorkel &4-480"
(Edment-Wilson Co., 1300 Walnut Street, Coshocton, Ohio 43812) has

given good service and vrotection ia SAF manufacturing and handliasg.

Acute Dermal Toxicity (skin absorptiom)

Tests on albino rabbits showed an Approximate Lethal Dose (ALD) for
incact skin greater than & and less than 8 gn/kg. For abraded skin,
the ALD was observed to be greater than 2 ard less than & pgw/kg.

From this, N-Pyrol does mot sppear to be in the range ordinarily classitied
as toxic (for example; the Ftdenl Razardous Substances A:t censidtrs




. Chronic Dermal Toxicity @~ = =

A 20-day, sub—-acuie, dermal ctoxicity study, using rabbits, has been
conducted using M-Pyrol at application levels of 0.4 and 0.8 ml per
kilo of body weight per day. Both abraded and normal skin sites were
included in the study. A mild local skin irritation was observed on
repeated application. Blood studies, weight gain and final histo~
pathological studies on major organs revealed no systemic effects
attributable to the treatment. At a higher level of 1.6 ml

per kilo per day, one of the four experimental animals (abraded skin)
died. Observations on the others in this group were the same as those
made at the lower dosage levels.

Inhalation Studies

In tests conducted on white rats exposed to methylpyrrolidone vapors for
a single uninterrupted six-hour period, all animals survived the high
concentrations studied. Under the most striagent conditions, air was
bubbled through a reservoir of methylpyrrolidone held at 110°C and
thence into the test chamber holding the animals. Supersaturation was
evidenced by considerable condensation on the chamber walls. Close
observation over the foilowing two-week period showed no evidence of
toxic effects.

Another test axposing 12 rats to air saturated at room temperature (about

1.5 mg methylpyrrolidone/liter) for 10 days (six hrs/day) gave similar
results. In this experimert, gross and microscopic tissue examination was
conducted to further observe that no incipient erfects could be

noted.

Eve Irritation

Methylpvrrolidone, 100X was tested in the right eye of each of six
albinc rabbits. The procedure and evaluation were according to that
described in the regulations for the Federal Hazardous Substances Act.
The material produced corneazlopacity in four animals and conjunctivitis
in all. In two of the rabbits, corneal effects persisted through the
seven-day observation period. The conjunctivitis cleared before the
end of this period in all but one test animal. M-Pyrol should

be regarded as a severe eye irritant.

Mutagenicity

Mutagenicity potential was measured by the Ames Test using histi ‘ne
auxotrophic strains of Salmonella typhimurium (TA-1535, TA-1537, TA-1538,
TA-98, TA-100). Tests were conducted in all five strains both non-
activated and activated (induced S-9 mouse liver preparation).
Inhibition of growth of test strains was no problem even undiluted.

No mutagenic activity was observed under any of the conditions used.




‘ague-Davley rats received the
"15 of gestation: o

. (negative comtrol) . -
- {positive dermal control)
(positive oral control)

;7rTtigggngtfvighjﬁﬂywtijnltdd in dose-dependent brightly colored yellow
o urine -and dry skin. -All animals were sacrificed on day 20 of gestation
- - end yterine contents exsmined. ' : ,

The control groups exhibited expected findings. No particular teratogenicity
... was noted in the negative (water-treated) control group. Frank teratogenic
“effects were noted in both the dermally and orally-treated positive
- control groups. ‘ '

In the experimental groups, significantly lower dam weight gains and
skeletal variations were observed at 750 mg NMP/kg b.w. These effects
could be the result of maternal toxicity. Unequivocal teratogenic

"~ “effects could not be defined. There was no evidence of teratogenic
effects nor effects on the dams at 75 or 237 mg/kg.

Sgb-Agutl~Nin¢tz-Dav Feeding Studies, Rats and Mice

_ Wistar-derived rats: four groups of 50 rats (25 male, 25 female)
were fed diets containing levels of M-Pyrol as follows, for a pericd
of 90 days. '

No gross or behavioral abnormalities in any of the test animals were
observed which were of toxicological relevance. There were no gross
toxic or pharmacologic effects noted, nor differences in survival.

In organ weight and clinical examinations conducted at termination,
various minor but statistically significant effects were noted among
the test groups which included increased male thyroid weights (only in
high test group); minor differences in final urine pR and specific
gravity in females, not of toxicological significance; and SGPT enzyme
value elevation in Group 3 malcs. There were no histopathological
sbnormalities observed attributadble to the test diets. An EPA
‘evaluation concluded that the no-effect level in male end female rats

vas $000 ppm.




Charles River (CD-1) mice: four groups of 60 mice (30 males,

30 females) were fed diets containing levels of M-Pyrol as follows,
" for a period of 9C days: .

rown Ppm_in diat
2 (control)
42 'l‘-”4 -
1000 ¢
2500 380

As in the rat study, daily observation, weisht recording, clinical
studies at 30 and 90 days, and complete gros.: and histopatholegical
examination (2/ orrar:) on all animals which died during the period

or were sacrificed :. °0 days were made. No survival rate differences
were noted. No treaim.nt velated pathological observations, gross or
microscopic were noz2d  Clinical (urine and blood) parameters were
within normal limitc a. tarmination with the exception of slight
dose-related serum cnloride elevation. Somewhat depressed spleen
weight was observed ‘n females at the highest dosage. In males,

this was noted at thu two higher levels (1000 and 2500 ppm). No
hictopathologic changes were roted in the spleens, however, nor in

any tissuves examinad. A sonservative value for no-effect level

from this study is 400 pp. (for males, 400 ppm; for females, 1000 ppm).

Fish Toxicity

Static bioassays Zor acrte LCSQ according to an EPA suggested procedure
(1975) were conductad using bluegills (Lepomis machrochiris), fathead
minnows (Pimephales »rowuelas) .ind rainbow trout (Salmo gazirdneri).

The LCs5q values obtzine¢ from rhese studies are given below:

Fish Temp. LCzn (96 hr) Confidence limits
22°9¢

Sunfish 532 mg/liter (724-9%5)
Fathead mirn-w 22% 1972 mg/liter (912-1259)
Trout 129C 3048 mg/ iter (2692-3388)
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'l‘hm munmewmememmmdbmmmmuw
ﬂouﬂh-dobu*do.niw“ﬁls 79 and 250 mg per kg body weight per day. Body
- wilght gein snd_food consumption; hematological and clinical chemical data, and ophihalmic, gross and
mdodal mﬁuﬂwmmﬂhﬂdypﬂatonahﬁdun‘hﬂopd effects. No statisti-

) parameters of either male or female animaks expoad to N-methylpyrrolidone st any dose level, However,
s dost-dependent decrease in body weight and increase in piatslet count that cormelated with increased
megakaryotytes was observed. Serum cholesterol in males decreased with incioasing doses,

N Methylyymlidone (CAS 872-50-4) is a solvent used

extensively in chemical processing, particularly in petroleum
refining. It & also important as a solvent in agricv'tural
chemical formulations and is used as a chemical intermediate
in the pharmaceutical industry.

A considerable body of acute and subchronic toxicology
information has been developed in support of these uses.
The scute onl m‘.u rats was found to be 43208¢g

pet kg body weight.’ The approximate lethal dose via skin
alm tion in albino rabbits was found to be between 4 and
anf' and 2 and 4g kg™ for intact and abraded skin,
respectively. Results of skin irritation tests in rabbits using
a modified iu procedure indicated a low potential for
skin himion. tests in guinea pigs produced a moderate
_ response,” Studies in human subjects contirm that repeated
" and prolonged skin contact can cause mild transient irri-
tation. However, there was no evidence that N-metvi-
pyrolidone, induced contact sensitization.® Attempts to
sensitize guinea pigs were unwccessful.” Results of a
standard eye test in albino rabbits indicate that N-methy)
pyrrolidone should be regarded as a severe eye irritant.®
When administered dermally to Sprague-Dawley rats at
78, 237, or 750 mg per kg body weight per days on days
6 t 1S of gestation, Nanethylpyrrolidone produced a
reduction in dam Lody weight geined during gestation,
fewer live fetuses per dam, an incream in the percentage
of resorption sites, and fetal skeletal shnormalities at the
highest dosage level. There was no evidence of teratogenic
effects ot effects on the dams at the two lower dosage
Jevels. The;nfon. N-methylpyrrolidone was regarded as a

tnmmmm e alddrewnd,

S ;e‘:lu;lm Eastman Koﬂnun.-y Rochester, New York

|haen;m Amarican Cyanaraid Company, Toxicology snd
Product Development wmmmom

coeffective teratogen (adversely affecting *> -«

only at dose levels that adversely affect - it).) Ne
mutagenic activity was observed in Selmonells ;vphimurium
strains TA-1535, TA-1537, TA-1538, TA98 and TA-IOO
tested with and without S-9 mouse liver activation.$

The present study was conducted to evalvate the toxi-
cologica] effects of N-methylpyrrolidone following dietary
asdministration to beagle degs for 13 comsecutive weeks.

et

EXPERIMENTAL

Ananals and materials

Pure-bred beagle dogs, 5-6 months of age at the iniiiation
of the study, were obtained from Mar:hall Research Animals,
North Rose, New York. Aaim:'s wer: indivicually housed
m%mMMMMm an anviranment.
controlled room maintained at 18-22°C and artifically
flluminated for 12 h each day. All animals received Purina
Dog Chow No. 5006 (Ralston Purina Company, St. Louss,
Missouri) for a 1-h pesiod, twice a day, and.tap water
od libitum,

N-Methylpynrolicone was provided by GAF Corporation,
Wayne, NJ and was 39.9% pure, with a methylamine content
of 0.008%.and water content of 0.04%. Mazoh corx oil,

JJused for diet preparation, was obtained Jocally.

Desiga of experiment

The dose levels o{N—meﬂmpyrmwmo 25,
79 and 250 mg per kg body weight per day. The test diets
were prepared by dissolving N-methylpyrrwidone in com
oil and then incorporating the mixture into dog fesd using a
Hobart blender. For the control diet, an equivalent volume
of corn oil was mixed into the feed. The dogs were fed theie
diets for 90 comsecutive days. The amounts of Mmethyi-
in the feed were adjusied weekly following
&mﬁuo{bﬁyﬁnﬁfwﬁwm ‘

(ICWSW“
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start of dosing and again 3t the termination of the study.
Animals were observed daily for external signs of toxicity.
Body weight and food consumption of each dog were
measured weekly.

__ Hematological and clinical chemical evaluations were
performed on all dogs prior to the start of treatment and
again after 4, 8 and 12 weeks of dosing. Measurements of
hematocrit, erythrocyte count, total and differential
leukocyte count, platelet count, levels of hemoglobin,
urea nitrogen, glucose, total and direct bilirubin, cholesterol,
albumin, globulin, calcium, sodium, potassium, chloride,
total protein and activities of alkaline phosphatase, glutamate
pyruvate iransaminase, glutamate oxaloacetate trari;aminase
and lactate dehydrogenase were made. Urine analysis, prior
to the start of the study and again after 4 and 12 weeks,
provided measurements of pH, specific gravity, ghucose,
ketones, bilirubin, urobilinogen, protein and microscopic
2xamination of the sediment.

At e terviation of the study, all animals were killed
using &1 oveicos of panio_ ~hital. Selected cryans (adreaa!
glands, brain, heart, kicneys, liver, ovaries, pituitary gland,
spleen, testes and thyroid with parathyroid glands) from ali
dogs were weighed. For all animals, the organs or tissues
that were taken for histopathological examination incluued
the organs weighed, as well as the following: aorta,
epidi:. ymides, esophagus, eves, gallbladder, lJarge and smali
intestines, lungs, lymph node (mesenteric), mammary
glands, pancreas, prostate, salivary glands, sciatic nerve,
skeletal muscle, skin, spinal cord, sternum with marrow,
stomach, thymus, trachea, urinary bladder, uterus and
grossly abnormal tissues.

Statistical analysis

Body weight, food consumption, clinical laboratory and
organ weight data were evaluated using analysis of variance.$
Difference between the test and control groups were
determined using the least significant difference test.
Discrete data were analyzed using 2 x 2 contingency tahles

with Yates® correction for continuity.?

RESULTS

Compound consumption

Group mean compound intake for the 13 week feeding
period is given in Table 1. Male an'mals at the low, mnddle
and high dosage levels of N-methyipyrrolidone received 94, -
95 and 99% of tie intended dose, respectively. Females
received 98, 96 and 99% of their intended dose.

Survival, ophthalmic and indife observations

All animals survived the 13 week feeding period. Ocular
evaluations revealed no tre~tment-reiated effects. Animal
behavior 2nd physical appearance were normal for all dogs
*hroughout the duraticn of the study.

Rocy welent, food consumption and food conversion

Eodv weint dya showsd o staticticaily sigaificant

M Trreagas 1 voght pain svong greups aver the couooe ~f
e u (Fa “jov- I e S
alt cemiale by dnws wme 53 o T of cone.
Aoge, v W oad LLov e, de well as food™
conversion ror dogs *hat wec -methvipyrrolidone,

~ent from (ontrol

were no statistically significantly <,
dogs.
Clinical chemistry

Serum cholesterol levels of male dogs were found to decrease
with increasing N-methylpyrrolidone dose at all sampling
periods after the start of treatment. This decrease was
statistically significant at the middle dosage level at 4 and 8
weeks, and at all three sampling periods for the high dosage
level dogs. No such effect was noted in female dogs.

Serum total protein was decreased by 7 and 11% in the
male middle and high dosage groups, respectively, at week
12. Serum albumin levels for male dogs were decreased by
©% at weex 4 (low and high dosage groups) and by 8% at
week 12 (middle and high dosage groups). The albumin to

Table 1. Compound consumption, body weight gain and food conversion data of dogs fed

diets containing N-methylpyrrolidone®

N-Methylpyrrolidone

Dosage (mg per consumed®
kg body weight {mg per kg body
Sex per day) weight per day)
Male 4] 024
B 24 :4
79 7519
250 246 :42
Female [+] [}
25 24:3
79 76:10
250 246:40

Body weight gain Food

- (% of initial} conversion® -
128277 40224
13.2:58 38:1.7
11.0:11.0 32232
6.9:8.1 19127
10257 3.0:1.8
109156 3.1216
95+55 26116
3.8:93 08:25

& Values sre group means t SD of six dogs per sex per group.
b gased upon actual body weight and tood consumption data.

€ Body weight gein (g ¢ SD) per 100g of food consumed.
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Pobulia nﬁomeompmbh mm—uﬂw -
_ Other parameters evahuated revealed no - significa
- differences among groups.

__ Hematology and urine analysis

Platelet count data of male dogs is graphically depicted in
Fig. 1. At all sampling periods, platelet counts were found
to increase with dose. Compared to control dogs, statistically
significant increases in platelet counts were noted for ai*
dosage levels at week 8 and for the middie and high dosage
Jevels at week 12. I:: addition, mean platelet counts of
male control dogs decreased with time. However, the
counts at the initiation and termination of the study were
not statistically different from each cther.

-For other hematology parameters evaluated, as well as
the urine analysis data, no significant differences among
groups were noted.

Organ weight
No significant differences in either organ weights or organ
to body weight ratios were ncted among groups (Table 3).

Histopathology
The number of megakaryocytes per 200x field (ten fields
observed per dog) were counted in sternal marrow of all
male dogs to determine if there was a correlation between
increased platelet counts and megakaryocyte counts. In
male animals fed N-methylpyrrolidone, an apparent increase
in the number of megakaryocyvtes was noted with increased
dose. The mean number of megakarvocytes per 200x field
+SD at N-methylpyrrolidone dosage levels of 0, 25, 79 and
. 250mg per kg body weight per day were 4.4+ 0.8, 742 1.4
and 10.0 £ 1.4, respectively.

600

Platelst count (x10® ger mm?)

i 1 1 1

[+ 4 8 2
Time (weeks)

Figure 1. Platelet counts {rneans + SE) of male dogs administered
N-methyipyrrolidone at 2 level of O {0}, 25 (e}, 79 (o) and 250 ()
g per kg body weight per day.

Exam. ....on of othes 5525 revoaled no oiher N-mewny,.
o srofidon---2late effecys, -

— A —— . ——— A —————— . m— ——

DISCUSs N

Re sigaitic .. aifference. in b weighs . fcod - ~nsumption,
fecd conversan, cphthalmic 2nd orgen weiar: Gats vierd
noed amoip zrcuis during the 13 weight * -ding ~orios.
In addition, ‘etary adrainustration of V-iieth.i,v Vloue
did not 1.oduc~: any overt ex:ernal signg o cuichv
behavicra! abi.ormality.

Inter"’ent signuficant differences in m-an . Ilricel
chemica . ur “aeters ci total cholesterol, albumin ang torsd
protein «cr male dogs we. e noted. The possible toxicoloc -4
significance cf these diffecences was no: supported by :ny
hixtopatl.ological obs:rvation. Furthermove, all m2an values
fali within the normal range for teagle dcgy {cholesterol,
103-267:mg dI"*; albun. 3, 3.5-4.24 g dI”%; protein, 5.2-6.5
g dI”!; FDRL historical dat:X. Th.us, t:c dii"2rences were
considered incidental and not relat=d to treatm-nt.

Mean platelet couats of male contro? do,: ducreased
slightly with time. whereas at the lo.» N-methyipy-rolidone
dosage level such a decreass was not noted. At th: micdls
and high dosage I:vels, a slight increase in plutelst count
was noted. However, when .he initial platelet count of each
group was compared with the final count of its respective
group, no statistically significent differences were fcund.
The mean platelet coun:s in male dogs were found to tc
significantly increased at all dosage Jevels at week 8 and - &
the middie and high dosage levels at the termination of *
study, compared with control male dogs. The trend tov 2.d
higher platclet counts in the high dosage level male dogs
was supported by the finding of an increased occurrence of
megakaryocytes in the sternal marrow of these animals. It
must be noted, however, that all megakaryocyte counts
fall within (he normal range for beagle dogs at our labora-
tories (appruximately 4-13 per 200x field) and the ;nean
platelet counts fall within our laboratory’s normul range
{epproximately 299-508 x 10% per mm®). Furthermore, the
mean platelet counts fall within the range of those published
in the literature for normal beagle dogs* 175-500 x 10°
per mm®and 155-517 x 10° per mm®. When the above
considerations are taken into account, the differences
in platelet counts are of doubtful significance.

In conclusion, feeding of N-methyipyrrolidone at ievels
up to 250 mg per kg body ‘weight per day resulted in no
statistically significant toxic or pathologic effects.
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1-PYRROLYLMETHANOIC ACID 1039

ISUR) ”.. 6 h
4 hr/day, 1-2 weeks 2-pyrrolidinone  see 2-pyrrolidone

2-pyrrolidone {2-pyrrolidinone; butyrolactam)

(o

H

Use: plasticizer for acrylic latexes; solvent for polymers, insecticides, special
inks ete.
A. PROPERTIES: m.w.85.11;b.p. 245°C; soluble in water; sp.gr. 1.1
C. WATER POLLUTION FACTORS:
theoretical analytical
TOD =2.44 - reflux COD = $5.3% recovery
COD=1.69. rapid COD = 101 .8% recovery
NOD =0.75 — TKN = 90.0% recovery
BODs =1.16
BODs/COD =0.720
BOD; (acclimated) = 1.39
—~The results of the BODy analyses suggest 2-pyrrolidone to be readily biodegrad-
able. (1828)

w. 126.11; m.p. 133/134°C decomposes; v.p. ~Biodegradation:

C; spgr. 1.453 at 4/4°C; solub. 625,000 mg/l chemical conc.

mg/l effect
unacclimated system 126 no effect
1,250 no effect
acclimated system 137 biodegradabie
In contrast to the BODg analysis, the Warburg analysis, using an unacclimated
biomass, did not measure any evidence of biodegradation of the compound.
This is probably due to the different characteristics of the seeds used in the two
analyses. The BODg seed, from a source servicing a high industrial input, readily
“C-p roduct is sole carbon source: 40% COD assimilated the compound. The Warburg seed, from a domestic waste source,
G was completely unadapte.d to the Fompound. The compound was ffmnd, how- ~
.0 mg/t (9083 eva:, to be amenatle to high rate biodegradation by the acclimated biomass.
(éli (1828)
. BIOLOGICAL EFFECTS:
—Algae: Selenastrum capricornurum: 1 1ng/1: no effect
10 mg/l: no effect .
190 mg/1: no effect (1828)
- ~Crustacean: Daphnia magna: LCso: 34 mg/t T
1 ~Fish: Pimephales promelas: LCs0->100 mg/l (1828)

al. dose: 1.1 g/k
18 mg/l: 48 hr ¢ pvrrolylens see 1,3-butadiene

by Pseudomonas fluorescens: at 3 mg/l
by £. coli: at 30 mg/t (293)

1pyrrolyimethanoic acid see di-proline
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