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#IN VITRO” TEST SYSTEMS FOR MUTAGENICITY SCREENING OF ENVIRONMENTAL CHEMICALS

Jitendra Saxena

U.S. Eanvirommental Protection Agency
Washington, D.C.
Usa

Introduction

Tndustrialization of our civilization has resulted in an increased use and
subsequent contamination of our enviromment with a wide variety of chemicals. It
has been estimated that in the U.S. alone there are about 70,000 chemicals in
. cormercial use and that 700 +o 3000 new chemicals are introduced in the market each
year (7).

The spectrum of chemical burden that humans ave subjected is very broad, ard can
include use categories such as food and feed additives, pesticides, drugs and
industrial chemicals {including their trace synthetic and/or degradation
impurities}) in various forms including solids, liquids, suspensions, dusts and
aerosols. Potential toxicants can enter the enviromment through air, water and
s0il, as well as entering directly or indirectly into food.

One striking feature of the chemical industry during the past two decades has
been the enormous growth in the production of organic chemicals. For example, in
1950, the world production totalled only approximately 7 million tons. By 1970 it
had grown to 63 million tons and it is estimated that in 1985 it will total
appreximately 150 million tons (8). Af present 20 million tons of manufactured
organic chemicals may enter the environment annually according to I1iff {8).

The hazards posed to¢ man and his environment by chemicals are now widely
appreciated. For example, the U.S. Toxic Substances Control Act requires premarket
screening of all new chemical substances and all new uses of existing chemicals.
The presence of chemicals in drinking water in the U.S. is being regulated under
the Safe Drinking Water Act. The Occupational Safety and Health Administration in
the U.S. is involved in controlling exposure to chemicals in ocCupational settings.

Arong all enviromwental and human health effects, mutagenic effects are regarded
to be of special concern. There are several reasons for this. One of them is that
an increase in the mutaztion rate in the human germ line (egg or perm) may cause an
increased incidence of genetic diseases in future generations. The second reason is
that mutation in somatic cells {(cells other than germ cells) may lead to an
increased cancer incidence. There is increasing evidence that cancer is preceded by
a mutagenic event.

Therefore, the induction of mutations both in gemm cells and in samatic cells has
serious implications for mman health.

Relation between mutagenicity and carcinogenicity

Much esperimental and theoretical evidence suggest a close relationship between
mitagenicity and carcinogenicity which makes it possible to deal with the carcino-
genic and mutagenic properties of chemicals in the same context. A significant body
of evidence associates one or more critical steps in cancer induction with changes
in celiular genetics. Figure 1 presents a hypothetical scheme of the various steps
involved in mitagenic and carcinogenic events.

Specifically, the lines of evidence supporting a relationship between these
toxicological end points are as follows:

a. Tumors have been shown to be of monocionsl origin that is originating from one
single cell. This is expected for a mutational event;

fev. Microhiol., S3¢ Paulo, i5(1):1-16, Jan./Mar. 1984.



2

b. Transformed malignant Figure 1 - Proposed relation between - carcinogenicity
cells have phenotypic and mutagenicity (3)
properties which are

different from thelr - peea acting carcinogen
non—transformed precarsor fi.e., Betapropisiectone] Procarcinagan
cells. This is evidence {la., Dimethylaitrozamino;

that a genotypic change
has produced a new

phenotype; 'H".fi:—:né’ ralc_‘:lvg:l—ZB
C. As phenotypic
properties are passed on ;
to ail progeny cells, this Roactive tisaus
suggesting that malignancy "'“"";’“"‘
;Zredl assoc(j;g:nede mmﬂz{el Intaraciion fMlh nueliaic
g :ﬁ,%,:;uuﬁﬁ‘?u:w:‘ interaction with  ceitular

interaction with DNA;

d. There are two different
categories of chemical Exprassion: of trans- Mitation induction Repalr of | (Other unknown
mitagens and carcinogens tarming capactty of DN4 lesion | Mechanisms]

virus
{1) direct acting mutagens
3 CiZ’lOg , and {2) Malignant tmplafcfrmatlon

mutagens and carcinogens e tumer v

which do not become

biOIOgically active until [ndirect acting Multipla sieps Invalving

they are metabolized in an Grelnogens e mune scrveillance, cie.

animal generally by the

liver; such chemicals are

referred to as pramitagens Tumor sxprassion

and procarcinogens.  For

several procarcincgens the

active metabolites have been established and have been shown to be the same
molecules which are genetically active;

e. Ames & col. (1) have calculated the carcinogenic potency for many chemicals from
the published animal cancer data. Carcincgenic potency is defined as the daily dose
which will give half of the experimental animals cancer in a lifetime feeding study.
The dose has been found to vary by more than a million fold. A similar range has
been found in mutagenic potency in the Selmonelle (Table 1.

f£. The next piece of evidence for a relationship between mtagenicity and
carcinogenicity comes from comparing the mutagenic potential of a broad range of
chemicals with their carcinogenic activity.

In this study, compounds were selected which were both carcinogenic in rodent
assay and nutagenic in Salmonella typhimurium. Mutagenic potency was calculated as
the reciprocal of ug test chemical required to0 give rise to 100 revertants.
Carcinogenic potency here was defined as the dose in mg/kg body weight/day which
caused 50% incidence of induced cancer. A linear relationship between mutagenic and
carcinogenic potency strongly suggests a relationship between these toxicological
endpoints, at least for the compounds studied (Fiqure 2).

cell most possibly ; nuctelc acid

Test methods for evaluation of chemicals for mutagenicity/carcinogenicity

General discussion - If we are to limit and/or eliminate exposure to environmental
matagens and carcinogens, one of the first things we have to do is to find methods
for detecting, identifying and tracing their origin. Three principal sources of
information can be used to evaluate the muitagenic/carcinogenic health risk
associated with chemicals (Figure 3);

&. Epidemiclogical approach (human exposure data);

b. Long tem tests using various species of animals;

¢. Short term screeming tests involving the use of microorganisms, insects and
plants.
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Fpidemiological approach - This  involves Table 1 ~ The range of mutagenic
analysis of a large human population to lock potency in the
for a cause and effect relationship. One Salmonella/Microsome test (1)

frequently used approach is to compare the rate
of disease in an exposed group with the rate in

an unexposed group and to evaluate the Roveriants/ ratio

gquantitative risk of exposure. 1. 2-Eooybutans 0,006 1

This approach has, however, proved to be Benzyl chloxide . °‘;§ Og
Methyl methanesulfonate 0. 1

inadequate for dlsccrvermg the genotcxic risk 2 vaphtrylamine a5 1,400

of chemicals in the environment. As we know, 2-pretylaminofivcrene 708 13,333
i 3 Aflatonin B 7,037 1,208,

there is a latency period of years to decaces mmrmée aE-2) 20,800 31500, 00

. for cancer and one to many generations for a
genetic effect.

Thus, before an epidemiclogical approach can
reveal the information needed, situations have to exist where such long exposures
to chemicals have ocourred. In other words, the information may become available
too late and by that time considerable harm is laready done. Another problem with
epidemiological studies is that they are very time consuming and expensive. Also,
the methodology is fairly insensitive. For example, despite the massive amount of
data showing the occurence of animal mutagens and carcinogens in the envircnment
there is virtually no epidemiological evidence of heritable defects in the humen
environment.

Long term tests in animals - This is an experimental approach and involves testing
the chemical for matagenic and carcinogenic effect in experimental crganisms. Iong
term in vivo studies which involve intact animals tend &0 be very expensive and
time consuming. Most experimental animals such as mice, rat or guinea pig have
lifetime of several years; thus, if the study involves lifetime exposure, one has
to wait for many years. For example, a conventional carcinogenic bicassay requires
at least 3.5 years and $250,000 per substance (Figure 4). FResources in terms of
money and trained persomnel are just not available to conduct long term studies on
all new and existing chemicals.

Short term screening tests - The high Figure 2 - Relation between mutagenic and
cost ©of long term animal studies has carcinogenic potency of ten compounds
led to the development and application

of faster and cheaper in vitro assays 102 T T T T
which involve experimental crganisms
such as bacteria, fungi, mammalian
cell cultures, etc. These crganisms
have short generation times ranging
fram a half hour to a few days; thus
one can study many generations, and
experiment with a large population of
organisms relatively inexpensively.

In vitro bicassays thus offer an
excellent tool for the evaluation of
the mtagenic/carcinogenic potential
of chemicals as a substitute for the
conventional long term bicassays
and/or for establishing priorities for
long temm in vivo studies.

2-naphrhy|amineI

10+ o
. benzidine
4-aminobiphenyl 4

[+]

% dibenz {a,h}
anthracene -

© propane sultone

10— o benzo (a) pyrene

Sterigmatocystin

w02

mg/kg/day giving 50% Tumor induction in 24 Months

1073

In vitxo test system

] 1
. 1w~ 1!0”2 110* 1 1 10 102
In}_ vitro tef.; SYSt?gB have bf;n g per 100 Salmonellz Revartants
developed tect e
mutagenic/carcinogenic  effects of
chemicals in bacteria, fungl ard
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Table 2 - The characteristics of the most common in

city assays

vitro mutagenicity/carcinogeni~

Organism and/or other

Category cell types System and/or strain End points measwed Test duration
Bacteria
Miztation Salmonella typhimeriwn  Seimonella/microscre test his— Point mitaticons; reversion by <3 wk
tidine reversicns base~pair substitution or fra—
me shift mutation.
Mutation Salmoneila typhimurium azaguanine-resistant Gene mutations (forward mota- < 3wk
tions}
Mutaticn Escherichia coli WE2 tryptophan reversions Point. mutations (base-pajr
substitutions) <3 wk
Motation Eseherichia cold K12 Strain 343/113 (Mchn strain) Gene mutations (forward mta-—
tions and reversions at seve— < 3wk
ral loci
Repair test Zscherichic coli polAY vs pola” Differential killing (via DNA <
3wk
damage)
Repair test Boeillus subbildis rect vs rec— Differential killing (via Dith <3
Wi
damage}
Fuangi
Mutation Saccharomyces Reversicn of awotrophic mta— Point matations <3 wk
cerevisiae tions
Mataticn Sehizosaceharomyces Wnite mytants in a red ad-? Gene mitations (forward mata- <1
pombe strain tions at five loci) e
Mukation Newrospora crassa ad-3 system; red adenine m- Gene (forward) mutations and
. tants small deletions in ad3h and adis <2 wk '
Matation Heurospopa ecrassa Reversicn of adenine auxotro—
phy in strains N23 and N24 Gene mutations <1 mo
Matation Aspergilius nidulans Suppressors of meth-1 Gene (forward) mutations <1 me
Matation Aspergillus nidulans #DH conidal color system Forward mutations and reversions <1 mo
Mitotic re- Swecharomyces Strain D1 Mitotic crossing-over <1 mo
combination cerevisige
Mitotic ye- Saceharomyces Strain D3 Mitotic crossing-over <1 mo
cotbination cerevisias
Mitotic re— Saceharomyces Strain D4 - Mitotic gene conversion <3 wk
coebination  serevisiae
Mitotic re- Saccharomyces : : .
oarbination  cersvisige Strain DS Mitotic crossing-over <1 mo
Mitotic re- Saecharomyces Strain DV Mitotic crossing-over and gene 1 m
combination ecerevisige conversjon
Aneuploidy  Newrospora crassa Maltiply marked linkage group I  Meiotic rondisjunction <1 mo
Aneuploidy  Seecharomyces Strain D6 Mitotic aneuploidy <1 ome
cerevisiae
Aneuploidy  Suceharomyces Strain D9 Meiotic nondisjunction <1 mo
cerevisiae
Mammalian cells
Mutation ¥ouse Iynphoma 15178Y Thymidine kinase (TX} system Gene (forward) rutations <2 mo
cells
Mutation Chinese hamster V79 HGPRT systam Gene (forward) mutations <2 me
lung cells
Matation Chinese hamster HGPRT system Gene (forward) mutaticns <2m
ovary (CHO} cells
Mutation Buman fibroblasts HGPRT system Gene (forward) matations <2 m
Cytogenetic CHO or other cell types In vitro cytogeretic analysis Chromossamal aberrations <3 m
damage
Cytogenetic Human lyrphocytes or In vitro cytogenetic analysis Sister chromatid exchanges <2 mo
damage fibrocblasts and other
cell types
DA repair Human fibwoblasts, rat  Unscheduled DNA Synthesis Repa.g of DA damage, detected
hepatccytes, or other by (PH)TGR incorporation in DNA <3 m
cell types
Transfor-  Syrian Hamster Erbryo cells Transformed foci 10-12 wk
mation
Transfor- Mouse embryo Baib/C-3T3 Growth in soft agar 8-12 wk
mation
Transfor— Z2aby Hamster BHK-21 C 13 Growth in soft agar 14-21 days
mation Kidney cells
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mammalian cell cultures. While plants and insects have also been used in short term
tests, they are not of direct interest to micrchiologists apd therefore are not
covered here. Table 2 provides an overview of the major test systems. Although many
test systems are listed, relatively few of them are being used extensively in many
lzboratories. Widely used tests include: Salmonella/ mammalian microsome test;
repair d&eficient E. coli; gene mutations in cultured Chinese hamster or mouse
1ynphoma cells; chromosome aberrations, sister chramatid exchanges, unscheduled DNA
synthesis and transformation in mammalian  cell cultures. In general, in vitro
assays rely on one of the four types of biclogical activity: DNA damage and repair,
gene mutations, chromossome aberrations and oncogenic transformation.

Carpared to animals and humans, the microorganisms and isolated animal cells used
in short term tests have only a limited capacity for activating chemicals. For this
reason, the carcinogens/mutagens that are not directly active can not be detected
in short term tests unless an exogenous netabolic activation system has been
inchuded in the assay. The available metabolic activation systems are shown in
Figure 5. Of these, in vitro activation is most commonly used of its simplicity and
effectiveness.

Bacterial mutagenicity assays - The Figiure 3 - Main sources of information  for
Ames Salmonella assay is the most mutagenic/carcinogenic potential of
widely known of the bacterial test chemicals (Source: Short term tests for
systems. The main reasons for this carcinogens, mutagens and other genotoxic

are: its simplicity, low cost, and agents, EPA - 625/9-79-003)
fact that there is a large data
base available on its performance.
The assay is a reverse muatation
assay and utilizes specially
constructad strains of Salmonella
typhimarium {1}.

These strains are wmable to grow
on substrates lacking histidine
unless a further mutation restores
the histidine ‘synthesis. The
frequency of this reverse mutation
in readily measured by counting the
colonies that appear in an
appropriate medinm that lacks
hJ'Stldele' lﬁle teSt mcll]d@s Scme ANIMAL STUDIES TESTS
tester strains that revert by base
pair substitutions and other that
revert by frameshift metatdions =
(Table 3). Aside from the histidine
mutations, DURETCUS ~ other
properties have been built into the
strains by matations to increase
their sensitivity. The strains are
defective in DWNA excision repair
(twrB}) which prevents them £rom
repairing the DNA damage caused by chemicals.

The strains alsoc possess a mutation (rfa) that removes part of the
lipopolysaccharide barrier of the cell well and thereby makes the cell more
permesble to chemicals. Salmonglla strains TA 98 and TA 100 contain a R-factor
plasmid pk101, which increases sensitivity of these strains probably by increasing
the activity of an errorprone DNA repair system. :

In the standard plate incorporation assay, the test substance, microbial cells
and exogencus metabolic activation system (if needed) are mixed in soft agar and
overlaid into a selective medium in a petri dish. Revertant colonies are coumnted
after 48 hours of incubation. Metabolix activation in the assay is provided by a
cofactor supplemented postmitochondrial system fram the livers of rodents treated
with enzyme inducing agents (e.g., polychlorinated biphenyl) . This preparation is
usually referred to as S-%.
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Specially constructed strains of Z. Table 3 - Salmonella typhimurium strains
¢oli have also been used in reverse in routine use
mutation assays. E. coli WP-2 ant its
derivatives possess a base-pair

substitution in a tryptophan gene (5). Gesigmation afveced %.%Lﬁ%% trpe asmected
Reversion to fryptophan independence I

can be caused by base substitution TA-1535 PSS e oy Bsemlr
mutagens. DNA  repair matation and‘the TB-1537 RS 6 wiB  rfa — Framesnite
pk107 plasmid have been introduced into TA-1538 hiS D wwrB  rfa -~ Frameshife
WP-2 stains to increase sensitivity. Bh-95 his D wwBR  rfa oM 107 Frameshift

Many bacterial genotoxicity assays .
are currently in use which measure and TA-100 his 6 wwB  rfa pk 101 mm
compare chemically induced killing
between a wild type strain with full
repair capacity and a motant strain
deficient in one or more enzyme{s) which govern repair of damaged DNA. The
response 1s expressed as preferential inhibition of growth or killing of the
repair-deficient strain since it is incapable of repairing the damage caused by a
chemical. These assays do not measure mitagenic events per se but they are used as
an indication of the interaction of a chemical with genetic material implying the
potential for genctoxicity. The test can be used with the exogenous mamnalian
activation system {(5-9).

Two widely used INA repair system are as follcws:

a. E. coli: Strain W3110 (pol A+) parental strain which is normal for DNA
polymerase I enzyme, and Strain P3078 (pol A-} which is deficient in DA polymerase
I enzyme;

b. B, subtilis: Strain H17 (rec+) wild type, and Stain M45 (rec-} repair-deficient.

Fungal mutagenicity assays - The Figure 4 — Comparison of short term test and
main reason for using fungi for long term tests for carcinogens, mutagens
screening matagens is that mutagens and other genotoxic agents (Source: short
that can not be detected in term test for carcinogens, mutagens and
bacterial systems might be revealed other genotoxic agents, EPA-625/9-79-003)
with fungal systeins. Being

eukaryotes, fungi pPOsSsess many cosYs TIME OF PERFORMANCE
genetic properties which are not Shorr-Teem Lung Term Snoet.Term tong Term
present in bacteria. In addition,
unrelated microcorganisms apparently
differ in susceptibility to the
induction of rmutation by varicus
agents., Unfortumately, fungal test
systems are Jess sensitive than
bacterial test systems and
therefore a higher dose of the test
agent often are required. Also,
mutagens reguiring activation are
not satisfactorily detected in
fungal  bicassays even with the
addition of the exogencus metabolic
activation system. The mostcommonly
used fingal strains for
rutagenicity screening ares:

a. Yeast: Saccharomyces cerevisige;
Sehizosaccharomyces pombe; - 20000
b. Mold: Newrospora crassa, s20,000 5300000 4 9avs0 2w 0
Aspergillus nidulans.
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Arong these organisms, the Figure 5 - Generally wused method of metabolic
yeast Saccharomyces activation in mutagenicity bicassays {Source: short
cerevisiae is particularly term tests for carcinogens, mutagens and other
suitable for genotoxicity genotoxic agents, EPA-625/7-79-003)
assays because of its
ability to exist in either a ;
stable diploid phase, its @ e | @ mumr | - T

THREE TYPES OF METABOLIC ACTIVATION

rapid growth and the ease ——
4

with which single cell & : - e
suspensions can be prepared. Q:Zl/

Techniques and strains have ; [y B e .

mitotic cross—over, mitotic M vl s | N\ amE wEmh
gene comversion, IRt LEEe e ) BN
mutations in  Saecharomyces " IR - B

eergvisiae. Forward U o

mitations can be detected on v sopsnt ot

the basis that mutations in o eotymer r. 204 ta cet * Crmica

any of the adel and adel - E— %’*‘“”‘ Ocours

loci will result in the  § E o Y —

acoamiation of a red o e nsyme

pigment and in the formation - — et

of easily detected red B~ e

colonies cn a medium with AN

reduced adenine. Strain - S

$211, & haploid methionine s mam

auxctroph, in the strain of 8 Ertct

mutagenesis. Mitotic

recorbination {reciprocal

crossing—over) between ade2 )

alleles which results in red/pink sectors in the colonies, and nonreciprocal
mitotic gene conversion involving the alleles try5-12 and try5-27 can both be
detected in the diploid yeast strain DY.

Mammalian cell culture tests - Matagenesis/carcinogenesis testing in mammalian cell
cuitures generally rely on one of the four events: gene mutation from the parent
type to the mutant condition, unscheduled DNA  synthesis, chromosomal aberrations
and oncogenic transformation.

The most commonly used target cells in cell mitagenesis assays are from clones of
Chinese hamster lung V79 and Chinese hamster ovary {CHOY cell 1lines, and mouse
lymphoma L5178 cells. These cells are suitable for mutagenesis studies because they
have high plating efficiency (more than 50%), a short generation time (16 * 4
hours), and in the case of Chinese hamster cells, a nearly d&iplecid karyotype.
Foward mutations are measured in these cell lines at the folliowing locis
a. Thymidine kinase (TK} in mouse lymphama 15178 cells;

b. Hypoxanthine guanine phosphoribosyl transferase (HGPRT) in Chinese hamster ovary
and Chinese hamster V79 cells.

Wild type mouse lymphoma and Chinese hamster cells contain respectively TK and
HGPRT activity which enable them to convert certain mutagenic purine and pyrimidine
analogues to toxic metabolites leadirg to cell death. Exposure of these cells to
certain results in a mutation which causes loss of TK and HGPRT activity. The
matant cells thus produced are incapable of catalyzing this detrimental metabolism
and hence, escape the lethal effect of the analogues. The assay can be coupled with
excgenous mammalian metabolic activation systems. Examples of metabolic activation
systems for the forward mitatiorn assays include cofactor supplemented
posmitochondrial fractions prepared from the liver of manmals treated with enzyme
inducers, and primary cultures of magmalian hepatocytes.



Interaction of chemicals with DNA Table 4 - NAS recommended mutagens test
usually stimilates a repair response in program
which the altered portion of DNA is
excised and the missing region is

replaced by DNA synthesis. The R Recommended tasts N
synthesis of DNA in nondividing cells - - -
is known as unscheduled DNA synthesis I+ Smonel la/microsone € Drosophila X-linked
and serves as a basis for assessment of 2. Manmalian cell cens mitation

genotoxicity in  some in vitro a. Alteration in hvpg.:ynﬂum

bicassays. The repair of Foanine phosphor Frans
carcinogen/mitagen induced DNA damage b. ﬁfﬁum in Thynidine

is observed by the incorporation of Kinase (79

precursors into DNA. The precursor 3 amian celt clychosml

uswally is (*H) thymidine because it is

s e . . B. Interpretation of data
specific for DNA. As base incorporation Outooe O the mitagenicity assays Decision

is moch greater in semiconservative -
replication which occur during cell FLer 1 :
Two or all three tests clearly Presumed mammalian

division, than in repair synthesis, the positive mtagen

test is performed in the presence of Gne test positive, two tests Move to Tier I3
hyvdroxyurea, , an inhibitor of negative

saniconservative replication {16). As A1l three tests negative Presuwed mammalian
test organism, primary cultures {cells ) noFmtagen
which have not undergone any passage) Tex I N )
of rat hepatocytes, or established cell Tests resalt Fositive e memslian
lines (e.g., human diploid fibroblasts Tests results Negative Presumed mormalian
WL38) |have been commenly used. A nongErtegen

metabolic activation system is not

needed with hepatocyte cultures. The

most cammonly used activation system for the WI38 assay 1is cofactor supplemented
posmitochondrial fraction prepared from the livers of mammals treated with enzyme
inducers. Uptake of labelled thymidine may be determined by autoradiography or by
liquid scintillation counting of DNA from treated cells,

In vitro cytogenetic assays involves direct cbservation of chramossomal  and
chraratid aberrations and my employ cultures of established cell lines (e.g.,
L5178Y mouse lymphama cells) or primary cell cultures. Following exposure of cell
cultures to test substances in the presence and absence of metabolic activation,
they are treated with drugs such as Colchicine of Colcemid® to arrest cells in a
metaphase-like stage of mitosis {c-metaphase) . Chramosame preparations fram cells
are made, stained and examined for chramsanal aberrations (5). Aberrations may be
either structural or numerical. Structural aberrations may be chramosome type which
result from damage expressed in both sister chramatids at the same locus or
chramatid type resulting from damage expressed as breakage of single chramatid or
breakage and/o¥ remnion between chromati . A simpler cquicker and less expensive
cytogenetic test uses sister chromatid excange (SCE). The SCE assay detects the
ability of a chemical to enhance the exchange of DNA between two sister chromatids
of a duplicating chromosome. The +est ray be perfommed in vitro using Chinese
hamster cell or primary cell cultures such as human lymphocytes, or in vivo usirgg
mige, rats or hamsters (9). )

Commonty used metabolic activation systems for this assay include cofactor
supplemented postmitochondrial liver preparation (S-9) or primary cell cultures of
mammalian hepatocyte.

Relevance of in vitro test data to humen health effects

At the present time, there are recognized difficulties in interpreting in vitro
mutagenicity/carcinogenicity test results in terms of human health hazards. This
has placed limitations on the utilization of in vitro bicassays in hazard
assessment of chemicals. It should be recognized, however, that with respect to
mrtagenic chemicals there is a general agreement that exposure at any level should
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be awvoided. Thus, even qualitative information, or data which provide only a rough
idea of the potency, should be of value. Toxicological literature reveals several
examples vwhere short term tests have successfully predicted carcinogenicity of a
mmber of important environmental chemicals with widespread nman exposure.
Fxamples include the flame retardant TRIS, the major Iindustrial chemical
1,2-dichlorcethane, and a series of hair dye chemicals.

Figure &6 - Overall A Weatemeter
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Generally an agent mutagenic in one species is also mutagenic in others. However,
because of the differences in such characteristics as metabolism, excretion and DA
repair, the correlaiton is not perfect. Brusick (4) has estimated that 88% of
animal carcinogens are bacterial mutagens ard about that 85% of animal
non-carcinogens have no mutagenic activity in bacteria, It is true that most in
vitro biocassays fail to detect some known matagens/carcinogens. For example,
carcinogenic chemicals with operate through mechanisms other than genotoxicity,
namely solid state carcinogens (e.qg., ashestos), hormones {e.qg.,
diethylstilbstrol), methal ions, and promotors (e.g., phorbol esters, phenols), can
not be detected in the B2Ames Salmonella assay. Fortunately, these carcinogens
constitute only a small number of the total. Furthermore, with continued efforts
towards devising improved tester strains, more effective metabolic activation,
modification of the assay corditions, and the use of a carefully chosen battery of
short term tests, the nunber of false negatives and false-positives is expected fo
be reduced further. )
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Figure 7 - Mutagenic respomse of the organic mixtures recovered from
secondary municipal effluent after partial and full advanced water
treatment {AWT) at Piscataway in Salmomella strain %4 100.

Symbols: Treated/contrel colonies ratio below 1.0 represents toxicity; —
Concentrate volume equivalent to 20 ml wastewater; —-- Concentrate volume
equivalent to 50ml wastewater

. Cancenteation Method — Concentration Mothod —
Concantration Method — XAD Polyurethang Foam Methylens Chinrridemf Hexana Extraction
Zur 2 2=

8

I

™

i
= i

: ; - :

c

G i 1
o
3 | ! f :

H i ] | b

o ‘)
£ 11 i |
5 1 H I i L ;| 3 ] i | 1 i: 1—] 1 : 1 f
£ 1
£ | | | ; I
F; i I .
b !
g i
K] .

; —59+59 -59+58 -S9+59° -59+59 ~59+453 -_S9+5a —-59+58 ~53 +89 —58+59
3 Secandary Secotdary Secondary
___J tntermadiate fntarmadiats J Intermedista
0 5 O
Final Fios] g Finat

U.5. National Academy of Sciences proposed matagen test program

No single in vitro test is capable of detecting all types of effects that may be
caused by genotoxic and carcinogenic chemicals. The problem has generally been
overcame by using a group of tests which complement each other. Many  testing
strategies and test batteries have been proposed thus far, however, consensus does
not exist on any one of these proposals. Recently the U.S. National Acadeny of
Sciences (NMAS) Committee on Chemical Enwvirconmental Migtagens studied this problem
and recommended a test program {11). A unique feature of any recammendation made by
the NAS is that they generally receive wideéspread acceptance among the scientific
cammmity and the public because of the prestigous nature of service of NAS Boards
and Comittees,

The NAS suggested test program uses two tiers of short term tests. Tier T
consists of Salmonella reversion assay, a mamalian cell-culture gene matation
test, and a mammalian cell chromoscmal breskage test. All tests should be corducted
with and without metabolic activation. Tier IT consists of the Drosophila ¥-linked
lethal test. Details of the recamended testing scheme and the decision fumctions

" are shown in Table 4, ‘

Identification of active ingredients in complex mixtures

Conventional approaches for analyzing envivornmental samples have been (a) to
chemically analyze the groups of compounds or individual compounds known to be
genotoxic and (b} to completely chemically characterize the -sample. The problem
with complete chemical characterization is that it is very expensive. Furthermore,
it does not reveal which if any, of the identified compoumds are genotoxic. 7The
problem in first approach which is to chemically analyzed for corpounds which are
known mutagens is that new mutagens will remain undetected.

An alternative strateqy which. is receiving increasing attention in recent days is
to detect presumptive mutagenic activity by means of simple and rapid mutagenic
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screening of mixed envircnmental samples, fracticnation of mutagenic sample(s) into
various chemical fractions and identification of biologically active fractions, and
then physiochemical analysis of the active fraction to fix mplecular ccomposition.
This strategy would eliminate the need for analysis of samples which do not contain
active ingredients, and would detect unknown mitagens. Such an integrated bicassay
and analytical approach would involve extensive evaluation of mixtures of varying
degres of complexity. Various problems associated with the detection of mutagens in
complex mixture are discussed below.

Figure 8 - Mutagenic response of the organic mixtures recovered from
secondary effluent, and effluent after partial and full AWT at
Piscataway in Salmonella strain TA1538.

Symbols: Treated/control colonies ratio Dbelow 1.0 rTepresents
toxicity; The data shown is for concentrace equivalent to 50ml
wastewater

Concentration Method — Concentration Mathod —

Concentration Method - XAD Polyurathane Foam Matirylena Chioride —Hexane Extraction
Iy 3-—1 3—

-3
[
W

Py
e

i

3 2— 2 2—

3

a

Q

j:

H

=

r~ — - 4

=

E 1 ‘ ‘ '

c

: l
: L | S .
5§ 1

-5 ‘

<

-a ‘

e

&

—59+59 —59+59 —-59+89 ] ~§9+53 -59+53 ~59+5% B —-59+58 —59+59 —59+89
Secandary Secondazy Secondary
Intermediate fntermedtats Entermediate
Final Final Final
[ R o= 0—-

Chemicals in complex mixtures may not act additively in their mutagenicity,
rather there may be synergism or antagonism between mutagens. Scmetines
complications may arise due to interaction between mitagens and nonmuitagens. These
factors contribute to ambiguities in the test results. For example, if a mixture is
non-tagenic, what is the assurance that it does not contain masked matagens and
carcinogens? An assay system chosen for detecting mitagens/carcinogens in carplex
mixtures should not only be able to detect mutagens ‘and carcinogens with high
degree of accuracy but should be able to do so in the presence of other materials
present in complex mixtures. wWhile the efficacy, sensitivity and reliability of
many in vitro systems for detecting mitagens/carcinogens in pure form is fairly
well defined, it is not known if these assay systems will respond in the same
manner when active compounds are present in coiplex mixtures.
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Figure 9 - Mutagenic activity of the major classes of compounds
recovered from Piscataway wastewaters with polyurethane foam plugs as
sorbent.

Symbols: The respomse shown is for each fraction volume representing
100wl wastewater; The first vertical lime with each strain represents
mutagenic activity in the absence of mammalian activation, the second
vertical line is in the presence; -~—— Salmonella Strain TA98; -——w
Salmonella Strain TA100; ... Salmonella Strain TA1535
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Various factors relating to the complexity of the mixture ard/cr inherent
problems with the biocassay which affect detectability of mutagenic/carcinogenic
campounds in complex mixtures are listed below:

a. The mavimm dose or concentration that can be applied in assay system. The
presence of non-mitagenic toxic components in complex mixture may limit the metagen
dose can be used in the assay. Scme assay system may be able to detoxify or
eliminate toxicants and this might inpact on the limit of bicassay resolution and
detectibility;

b. The number and sites of critical targets in the test organisms that must be

¢. chemical interaction (synergistic or antagonistic) in complex mixture.

Numerous examples of interference in mutagenicity assays caused by components of
complex mixtures have been reported in the literature. Glutathione, a naturally
occurring tripetide, has been shown to modify the response of many mutagens in  the
rmes Saimonella assay (12, 13). Histidine may be present in biological samples such
as urine, mmicipal wastewater, blood, etc., and may interfere in the Ames
Salmonella assay by artifactually increasing the mumber of spontanecus revertants,
The polyaramatic fraction from tar sands was found to suppress the mutagenicity of
Zwamincanthracene in the Ames Salmonella assay, an example of antagonism between
mutagens {15}.

bDetection of mutagens in water/wastewater - research findings
An investigation was undertaken in our laboratory to examine the presence of

mutagenic/carcinogenic chemicals in wastewater and to evaluate the performance of
avallable advanced wastewater treatment (AWD) methods to  remove these chemicals.
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Efforts in this stidy were also directed towards identifying active fracticns
and/or compounds in the wastewatsr. A five million gallon per day Model AWD plant
located in Piscataway, Maryland, USA, was selected for, this study. the AWT plant
utilizes physical-chemical treatment which consists of lime addition, recarbonation
{liquid carben dicxide), dual media filtration, breakpoint chliorination, activated
. carhon filtration, and chlorination for disinfection. The flow received at this
treatment facility represents some industrial wastewater. Three sampling leccations
representing various stages of treatment were selected for testing:

Sample N® 1 - Secondary effiuvent which serves as influent for the AWT process. This
sarple is referred in the text as AWT influent

{lignid carbon dioxide), dual media filtration, breskpoint

Sample N9 2 - Effluent after liming and recarbonation process. Referred in the text
as intermediate effluent.

Sample N9 3 — Effluent after lime additior, recarbonation, dual media filtration,
breakpoint chiorination and activated carbon filtration, but before chlorine
addition for disinfection. This sample is referred in the text as tertiary
effluent. Samples could not be taken after the chlorination process hecause
effluent from carbon colums flows into a polishing pond where receiving
chlorination.

Tn an effort to recover a wide variety of organic contaminants present in
wastewaters, three independent methods were utilized to recover organics. These
included (i) sorption on polyurethane: foam piugs, (ii) sorpticn on macroreticular
resin and (iii) solvent extraction employing 15% methylene chioride in hexane. In
studies with polyurethane foam plugs, the optimum conditions for recovery included
a wastewater temperature of 620C + 20C and a flow rate of 250 £ 10ml/min (2}. The
best results with ¥&D resin were obtained when XAD-4 and XAD-8 were used
maintaining wastewater temperature of 50°C and a flow rate of 100ml /min.

The crude mixtures recovered from wastewater were separated intc major classes of
organic compounds according to their solubility under acid, base, and neutral
conditions using a medified Shriner-Fusion separation technique. Adsorption
chromatoqraphy on a Silica gel colum was used to subfractionate the neutral
fraction into aliphatic, arcmatic and oxygenated fractions.

The crude concentrates and their separated fractions were tested for
mutagenicity/carcinogenicity using in vitro bicassays. In the absence of any data
regarding performence of various available assay methods for wastewater, it was
considered safer to use a battery of assay systems. The three assay systems chosen
for the study were: Bmes Salmonella assay, Scecharomyces cezrevisiae assay (forward
and reverse mutagenesis, somatic recombination and gene conversion), and cell
transformation assay with BEK21 C113 cells. In preliminary studies, the cell
transformation assay proved to be unsuitable as a routine assay because of an
excessive time requirement and its erratic behavior. It was only used in selective
instances to confirm the results obtained with the other assay. The overall
protocol  for recovery of organics, fractionation of crude concentrates and
mutagenicity/carcinogenicity testing is shown in Figure 6.

Mutagenic responses in Salmonella strain TAI00 and TA1538 of the recovered
organics from wastewater samples after partial and full treatment are shown in
Figure 7. Significant mutagenesis was not observed in strains TA1535, TA98 and
TA1535. Althoughpolyurethane foam collected the léast ampunt of organic carbon, the
recoverad carbon possessed mutagenic activity roughly equivalent o that recovered
with XAD and solvent suggesting some specificity of foam plugs for recovering
sutagens. while AWT influent was nct mutagenic to TA1538, it became mutagenic
after partial treatment (liming and recarbonation). These findings show that liming
and/or recarbonmation processes may Iintroduce compounds capable of  causing
frameshift mutations in Selmonelle. The final AT effluent did not exhibit
significant mutagenic activity in any of the strains tested.
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Figure 10 - Mutagenic activity of the components of neutral fraction of Piscataway
wastewater collected with polyurethane foam as sorbent.

Symbols: Three vertical lines in each set represent 3 different concentrations of
the fraction tested; Concentrations from left to right are: aliphatic and aromatic
fractions, 200, 100 and 50ml wastewater; oxygenated representing 50, 25 and 10ml
wastewatey
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Crude organic concentrates from these samples failed to  induce reverse
mitagenesis, mitotic recombination, or mitotic gene conversion in yeast., In the
forward mutagenesis assay with Soccharomyces Strain S288C, the wastewaters caused a
small increase in the number of canavanine sulfate resistant colonies. The
mitagenjc response followed the general trends observed with the Ames assay, i.e.,
is the iIntermediate effluent was weakly muitagenic, but the influent and tertiary
effluent were non-mtagenic. The results with yeast were indicative of the low
sensitivity of the assay. In the cell transformation assay, AT influent and
partially treated effluent gave positive results, i.e., increased numbers of
colonies in soft agar. The organics recovered from the tertiary effluent elicited
at best only a marginal increase in the mumber of transformed colonies.

The crude crganic concentrates of wastewaters were chemically fractionated and
each fraction evaluated for mutagenic/carcinogenic activity with the objective {(a)
to mcover the activity which may have been masked because of the camplexicity of
crude concentrates, and (b} to identify the chemical class(es) responsible for the
activity. In terms of quantities and-classes of mutagenic substances recovered by
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the concentration procedures employed, the performamce of polyurethane foam plugs
was better than that of ¥AD and solvent sxtraction. Therefore, the focus in these
studies was on the fractionation and testing of organics recovered by polyurethane
foam plugs. The conbined activity of all of the separated fractions was generally
higher than that of the c¢rude concentrates, indicating the presence of masking
agents in the crude mixtures,

The mitagenic activity recovered by foam plugs from AWT influent was distributed
largely in the basic, strong acid and neutral fractions (Figure 9). The response
was noted in strain Ta100 and TA98 without the presence of the mammalian activation
system. Liming and recarbonation steps resulted in an increase in the nwber of
fractions which were mutagenic. For example, ether insoluble, amphoteric and weak
acid fractions of the influent were nonmatagenic, but became weakly to modevately
' mitagenic after liming and recarbonation (intermediste effluent). The separated
fractions from the tertiary effluent were nonmitagenic but exhibited strong
toxicity to Szlmonella. It is probable that the rutagenic response of the separated
fractions of tertiary effiuent may have been cbscured by toxicity. The neutral
fractions of varicus concentrates were subfractionated into aliphatic, avomatic and
oxvgenated fractions for further characterization of the mutagenic component. These
studies revealed a strong mutagenic response in the oxygenated fraction of the
partially treated wastewater (Figure 10). The AWT influent and effluent samples
were toxic to Salmonella but did not show a mutagenic response. The data suggest
that the mutagens introduced during liming and recarbonation steps belong to the
oxygenated neutral class.

The possible mechanisms for increase in mutagenesis of wastewaters after
liming/recarbonation are:

a. mitagens may have been synthesized under alkaline conditions of liming or during
recarbonation from precursors present jn wastewaters;

b. mitagenic corpounds may have been added to the wastewaters as contaminants of
the chemical additives used in the liming/recarbonation steps;

¢. the liming and recarbonation process may be responsible for removing some
masking agents or toxicants which could have prevented expression of activity in
the influent. With the data available, none of these possibilities can be verified.

Further physiochemical analysis of this fraction is necessary in order to
identify specific compound(s) responsible for the activity. These studies also
suggested that the treatment processes enployed at the Model AWT plant here are
able to adequately remove mutagenic chemdcals present in the wastewater and those
introduced during treatment steps.
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Resumd

Amostras de carne bovina moida, de cinco acougues da cidade
de Vicosa, MG, foram armazenadas a 40C por 14 dias, a 0°C e
-18°C por 90 dias, para analise das populacoes de bactérias
nio fermentadoras de lactose (Lac™) e determinagzo da so-
brevivencia e da resistenciz de Sglmonella a drogas antimi-
crobianas. As amostras, stubmetidas ac pre—enrlquec1mento em
caldo 1actosado, apresentaram-se com populagoes de bacte-
rias Lac— superiores is amostras sem o pré—enriquecimenta.
Foi observado aumento nas populacoes de células Lac™, nos
primeiros dias de armazenamento z 40C e a DOC. Apos 21
dias, houve reducdo do numero de ceélulas Lac™, nas amostras
conservadas a 00C. Nas amostras a -189C foi observada ten-
déncia de reduc3o das populagdes de células Lac™, ao longo
do periodo de armazenamentc. Células de Salmonella foram
{soladas de amostras em todos 0Ss tempos e temperatura. O
nivel de resisténcia, aos varios antibidticos, das células
de Salmonella, foi baixo.

Surmary

Survival of Salmonella in ground beef wnder low - storage
Temperatures

ground beef samples collected at five butchers in Vigosa,
Minas Gerais, were stored for 14 days at 4°C and for 80
days at 0° and -189C. Survival and antibiotic resistance of
Salmonella were determined, as well as the presence of Lac™

(non-lactose~fermenting) bacteria. Samples submitted to a
previous  enrichment in  lactose broth showed higher
populations of Lac™ bacteria than  those without
enrichement., When samples were stored at 4°C and 0°C the
popuiation of Lac™ bacteria increased during the initial
period of the treatment. However, after 29 éays, a
reduction in the size of this pepulation was noticed in the
samples stored at 09C. At -18°C a tendency to reduction of
the Lac~ bacteria was noticed throughout the experiment.
Soimonella isolates were obtained pericdically from samples
of all treatments. The resistance level to several
antibiotics of these isolates was considerably low.

% Parte da Tese de Mestrado do primeirc autor.
Rev. Microbiol., S&o Paulo, 15(1):17-23, Jan. /Mar. 1984.
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Introducao

Nas pequenas cidades, ¢ abate de animais, o transporte da carne, até os pontos de
revenda e a comercializagio, geralmente, sdo feitos em condicdes higiénicas preca-
rias, aumentando o perigo de contaminacio da carne, por bactérias patogdnicas. A
contaminagio da carne, por Salmonella, constitui sério problema para a satde pibli-
ca, uma vez que estas bactérias causam infeccles graves, ac homem e animais (3,
18). .

A transmissio de Salmonellg ocorre, principalmente, pela rota fecal-oral, uma vez
que © reservatiric primdric dessas bactérias & o trato intestinal do hamem e dos
animais (18). Hsses germes s3o frequentes em aves, suinos e bovinos (7, 15, 17, 20,
23). )

Frodutos pereciveis, de origem animal, podem ser conservados em baixas tamperati~
ras. Sequndo Ayres, as bactérias do género Salmonelle nio se maiitiplicam na super-
ficie das carcagas naturalmente contaminadas e conservadas scbh refrigeracido (22).

Ha inibigio do crescimento microbiano, em carne moida, artificialmente contamina—
da com Salmonelle e armazenada a 7°C, por 5 dias (11). ’

0 congelamento de alimentos permite a schreviéncia de Saimonella por  longos pe-
riodos (18, 21). Mossel & col. (12), afirmam que 5% das cdlulas scbreviventes per-
deram a viabilidade, mensalmente, quande a carne era mantida a —200C,

U uso de antibidSticos, no controle de agentes causais de doengas e na fabricacdo
de racles de animais, tem contribuido para o awmento de bactérias resistentes a
tais drogas (3). Estudos comparativos de niveis de resisténcia a drogas, em bacté-
rias aercbias, Gram negativas, isoladas nos EEUU e no Brasil, revelaram que 19,7%
das estirpes brasileiras apresentavam resisténcia madia maior que as norte-america—
nas (25).

O fato foi atribuido ac maior uso de antibidtico cu 3 elevada incidéncia de doen-
cas infecto-contagiosas no Brasil, A resisténcia a antibidticos, em Saimonella, tem
sido associada & presenca de plasmidios cuja transmissibilidade tem sido constatada
em algams casos (2, 13),

O presente trabalho teve como chijetivos determinar a populacao de bactérias, ndo
fermentadoras de lactose, a sobrevivencia e a resisténeia de Salmonelic a antibid-
ticos, em amostras de carne bovina moida, armazenadas a 49C, 0°C e -189C, por va-
rios pericdos de tempo.

Material e Metodos

Amostras de 1,0kg e carne bovina moida foram adgquiridas de cada um de cinco
agougues, escoihidos a0 acaso, entre os 25 existentes na cidade de Vigosa, M:. As
amostras de carne foram misturadas, subdivididas em lotes de 300g e acondicionadas
em sacos plasticos. Trés lotes foram armazensdos a 4°C e analisados apSs um, sete e
Quatorze dias; sete lotes, a 0°C e analisados apds um, sete, 14, 21, 30, 60 e 90
dias e quatro lotes a -189C, analisados apds um, 60 e 90 dias.

Para as contagens das bactérias n3o fermentadoras de lactose (Lac™), wutiliza-
ram-se 259 de carne de cada lote, para homogeneizacio com 225m1 de caldo lactosado,
em  liguidificador, por dois minutos. Para avaliagdo das populacdes Lac™, sam o
pré-enriquecimento em caldo lactosado, aliquotas de 9,1ml de diluicles decimais do
homogenato, em triplicata, foram imediatamente espalhadas na superficie de dgar
MacCorkey e as placas incubadas a 350C por 24 horas. Avaliaram-se, também, as POp-
lagles Lac™, apds o pré-enriquecimento em caldo lactosado, utilizando-se o restante
do homogenato, depois do repouso por uma hora, adigdo de 2,2n] de Tween-80 e incu-
bagdo a 359C por 24 horas. Aliquotas de 0,1ml de diluigles decimais do hamogenato,
em triplicata, foram, a seguir, espalhadzas na superficie de A&gar MacConkey e as
placas incubadas a 35°C por 24 horas.

Considercu~se Lac™ as colfnias claras, nas placas com agar MacConkey. Os resulta-
dos expressam as populagfes Lac—, com ou sem pré-enriquecimento, em caldo lactosa-
do, em 25g de carne.

Para ¢ isclamento de Salmonella, 1ml do homogenato pré-enricquecido foi transferi-
do para 10ml de caldo selenito e para 10ml de caldo tetrationato e os tubos incuba-
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dos a 35°C por 24h. A partir dos tibos ocm crescimento, foram retiradas, por meio
de alca de repicagem, pequenas porgoes de cBlulas e transferidas para a superficie
dos meios agar-verde brilhante-sulfadiazina (BGAS), agar-sulfito de bismuto (BSA) e
Agar Salmonella—Shigella (SSA}. Apds incubagdo a 35°C por 24 horas, (uatro a cinco
coldnias tipicas, de cada mweio, foram transferidas para tubos contendo meio
dgar-triplice-aglicar-ferro (ISI) inclinado e incubados a 359C por 24 horas. O cxi-
tério, utilizado para indicar a presenca de Salmomella, Foi o aparecimento de colo-
racae vermelha, na parte superiocr do TSI e amarela, na parte inferior, com ou sem
produgdo de HzS {10).

A identificacio do género fol baseada em testes bioquimicos e sorologicos, reco-
mendados pelo FDA (10}, partindo-se das culturas com comportamento tipico de Salmo-
nella no meio TSL.

Os testes sorolfgicos foram feitos, utilizando-se antissoros Salmonella H poll
a—z e Salmonella O poli A-I e Vi (Difco), seguindo-se a técnica de sorcaglutinagio
rapida {10).

O nivel de resisténcia a capamicina (RKm), estreptamicina  (Sm), cloranfenicol
(Cm), tetraciclina ({Tc) e acido nalidixico (Nx) foi determinado para algumas das
calwonelas isoladas, utilizando-se as concentracdes ée 1, 2, 5, 10, 20, 50 e
100pg/ml. e o método de diluigdes recemendado por Chartone-Souza (5). O nivel de ye-
sisténcia foi determinado considerando-se a maior concentracio do antibidtico que
possibilitou o crescimento das células.

I ocorréncia de plasmidios naturais foi determinada pelo método de eletroforese
em gel de agarose (14). A extrac@io de plasmicios fol feita pela técnica recomendada
pelo Dr. Didgenes S. Santos {com. pessoal) .

Resultades e Discussao

Os resultados das determinacdes de populacdes de bactérias nio fermentadores de
lactose (Lac—), nas amostras de carne, armazenadas a 4°C, 06C e -18¢C estao indica—
dos nas Figuras 1, 2 e 3.

As amostras de carne, submetidas ao pré-enriguecimento, em caldo lactosadc, apre—
sentaram populacdes maicres que as sem pré-enriquecinento, em todas as tanperaturas
de armazenamento (Figuras 1, 2 e 3). Os resultados mostram a importéncia de pré—en—
riquecimento, em caldo lactosado, para a recuperagdo de células, debilitadas, pela
acho das baixas temperaturas de armazenamento. Recuperagdo de células, por pré-en—
ricuecimento, tem sido cbservada por varios pesquisadores (8, 16).

Observou-se (Figura 1) a redugdo do mimerc de c&lulas Iac™, nos primeiros dias de
armazenamenito, nas amostras sem pré-enriguecimento, possiveimente devido a incapa-
cidade das celulas debilitadas crescerem, diretamente, 1nos meios seletivos, utili-
zados. Apds o periodo de queda, inicial, as calulas schreviventes foram capazes de
se miltiplicar e atingir populagtes maicres que as iniciais. Quando se utilizou o
pré-enriquecimento, foi verificado aumento na popalacio de bactérias Lac™, ao longo
de todo o periodo de armazenamento. Estes resitados reforcam as informactes de que
o armazenamento de carne, a 4°C, por periodos prolongados, nac & recomendavel, uma
vez que esta temperatura ndo impede o aumento da populacac bacteriana e provocara a
detericracdo do produto. As amostras, oonservadas a 4°9C, por 21 dias, ja estavem
deterioradas.

Nas amostras conservadas a 0°C (Figura 2}, ohservou-se aumento de populagao, nas
primeiras semanas e, depois, um decréscime, atingindo, ao longe do periodo, valores
inferiores ds populagdes iniciais, tanto nas amostras cam e SER pré-enriquecimento.

Notou-se redugso do nimerc de células viaveis, ao longo do pericdo de armazena-
mento a ~189C, nas amostras sem o pré-enriguecimento (Tigura 3). Quando se faz o
pré-enriquecimento, ligeiro aumento de populacao fol observado, nas_ amostras con-
servadas por 30 dias. No entanto, a tendéncia geral foi a reducdo da populagac,
mostrando o efeito das baixas temperaturas sobre & viabilidade dos microrganismos.

Os resultados da identificacio das culturas, obtidas a partir de coldnias tipi-
cas, em melos seletivos, estdo indicados na Tabela 1. Do total de 792 culturas,
apenas 262 (33%) foram caracterizadas comoO Salmonella, por testes bioquimicos e so-
roiogicos.
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Figura 1 - Popu~ Figura 2 - Populacdes de bac— Figura 3 - Populacdes de bactérias
lagdes de bacté- térias nio fermentadoras de naa fermentadoras de  lactose
rias nao fermen- lactose (Lac~/25g de carne), (Lac—/25g de carne), em amostras
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Os resultados da identificacio das culturas, obtidas a partir
de coldnias tipicas, em meios seletivos, estdo indicados na Tabe-

10— 13 1, Do total de 792 culturas, apenas 262 (33%) foram caracteri-
[ A1) . - - .
TEHPO (dtos) zadas como Salmonzllz, por testes bioguimicos e soroldgicos.

Os testes de producac da urease (Tabela 1) mostraram que apenas

parte das culturas, isoladas a partir de coldnias tipicas, em

meios seletivos, pertencia ao gBrerc Salmonella. Estas bactérias sfo urease-negati-

vas {1, 9, 10). Os testes com antisscro poli H e poli O confirmaram como  Salmoneli-

la, a maioria das culturas Urease-negativas. Pode-se, assim, notar a necessidade de

se assoclar as caracteristicas morfoldgicas, das colfnias ros meios seletivos, com

0s resultados dos testes biogquimicos e soroldgicos, para a identificacio de bacté-
rias do genero Sglmonella.

A presenga de Szimonella em amostras de carne, armazenadas a 0°C e ~189C, por 99
dias, indica que estas bactérias sobrevivem g periodos longos de armazenamento, sob
balxas temperaturas. O método de conservacioc da carne bovina moida a baixas tenmpe-
raturas ndo garante a eliminaco de microrganismos, provenientes da contaminacac
acidental das carcagas. Ja foi afirmado que O congelamento de alimentos permite a
scbrevivéncia de Selmonsila, por longos periodos {18, 21).

A Flgura 4 nostra a distribuicio de S0 culturas de Salmonella, quanto 3 resistén—
cia a antibioticos. A maior parte das culturas apresentou baixa resisténcia 3 es-
treptomicina (Sm), canamicina (Km), acido nalidixico (&) e tetraciclina (Teo) tendo
havido crescimento em meio contendo antibidtico até 3 concentracio de 2ug/ml. Cs
resultados sugerem que as culturas analisadas ndo se originavam de organismos s
jeitos & press&o de selecdo, por antibidticos. :

O resultado do teste de resisténcia ao cloranfenicol {Figora 4) mostra que a
maior parte das culturas apresenton resisténcia a até 10ug/ml. Estes resultados po-
dem ser consequéncia do maior usc deste antibidtico, em animais.
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Figura 4 - Distribuico dos niveis de resis- Tabela 1 - Identificagdo das cul-

téncia & antibidticos, em 50 culturas de Sal- turas isoladas das amostras de

monella - carne armazenada a 40C, 0°C e
-18¢cC,

Simbolos: * = Porcentagem calecu-

|, ESTREPTORXIMA | CANALECSIL ACDO RALDGOCO | CLORAWFEMICOL |  TETRACKLINA lada em fungé.o do numere de Cola-
nias com Teagoes negativas no
20 .
teste de urelia
L
i 1 b

k3 Coldnias tipicas Coldnias de
Meios Uréia Satmonelle
% - H ATTEZenamento  cojerivos negativa confirmadas
M {eo} {dias) (N9 (N} (MR {2)*
1 53 15 13 86,7
i 2 1 4eC 7 38 23 20 86,9
i 14 80 44 22 50,0
! a H 1 1 1 70 18 2 11,1
7 WPSgRg ¥ = 2383 TUWS008g VOMCLQRE g 1:3 7 58 24 17 ?0:8
RivESS 0F RERSTEMGIA (ug /811 14 59 28 27 93,1
ooC 30 63 30 18 60,0
0 57 1% 5 78,9
90 52 39 28 n,8
1 68 31 21 67,7
30 63 16 16 160,0
-~18eC 60 30 25 19 78,0
40 70 57 44 17,2

Em presenca da tetraciclina, a distribui¢iio se assemelha & bimodal (Figura 4).
Este tipo de distribuicfio foi atribuido 3 existincia de duas populacdes distintas,
ma sensivel e outra resistente ao antibidtico (24). Assim, pode-se dizer Qe a
maioria das culturas isoladas eram sensiveis 4 tetraciclina. Cumba & col. (6) cons-
tataram sensibilidade a 1,6ug/ml de tetraciclina, em 85 amostras de S. Zypht, ana—
lisados no pericdo de 1930 a 1973.

A presenca de plasmidios foi evidenciada em algumas das culturas de Salmonella.
No entanto, 'sua relagio, com resisténcia & drogas e transmissibilidade, nao fol
ainda determinada.

0 uso generalizado de droges antimicrobianas, visando o controle de agentes in-
fecciosos, tem favorecido a selecio e predomindncia de estirpes resistentes as di-
versas drogas. Os trabalhos com Salmomelle mostraram esta tendéncia e, muitas ve-
zes, a resistdncia tem sido associada com a presenca de plasmidios (2, 4, 13, 19).
O controle de infeccdes, de origem bacteriana, pcde ser dificultado, ainda mals
quando estes plasmidios transferem as marcas de resisténcia a antibiéticos, para
outras células.

Os resultados demonstram a necessidade de se assegurar a melhoria nas condicdes
sanitirias e higiénicas do local de abate dos animais e nas operacdes de armazena-
mento e comerciatizacdo do produto.

¢ ensinamento de principios basicos de higiene, para aqueles que manipulam a car—
ne, desde o abate até sua comexcializacdo, seria a forma adequada de se reduzir a
contaminacic da carne, por Sailmonella.
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Resimo

0 método iodométrico reguer o emprege de solugio tampio; o
de peroxido de hidrogeuio & satisfatdrio; o colorimétrice
(hidroxilamina) d4 bons resultados, com ou sem niquelf,
embora a absor¢dc seja maior na presenca de niquel.

Sumrary

Adaptation of elassic methods for penteillins gnalysis to
cephazoline

In iodometric wmethod the use of buffer solution is
indispensable; hydrogen  peroxide is satisfactory; imn
colorimetry (bydroxilamine) resulets ark goed, both in the
presence or  absence of nickelyy, although absortion
inereases if nickel is added.

Introducdo

Cefalosporinas e penicilinas apresentam semelhantes estruturas beta-lactimicas,
Ura wez que os métodos de anilise quantitativa, empregados para o ensaioc das peni-
cilinas se baseiam, primariamente, na presenca do anel beta-lactdmico, hi possibi-
lidade de sua aplicacio a alqumas cefalosporinass: cefazolina, cefalexinz, cefaloti-
nza, cefapiring e cefradina (Oliveira, T.J.G., no prelo). Neste trsbalho foram estu-
dadas adaptacSes dos métodos de ensaio {6, 1C, 13) j& descritos para penicilinas, 4
cefazolina,

Material e Matodos

Amostra - Cefazolina na forma de mataria prima pura, gentilmente fornecida pelo La-
boratorio Eii Lilly do Brasil ILtda.

Os métodos jodometrico, colorimétrico e do peréxido de hidrogénio, usados para o
controle de qualidade de penicilinas e aplicados & cefazolina, foram os ja publica-
dos (6, 10, 12; Oliveira, T.J.G.,no prelo) .

Preparo da solugao de cefazolina:  metodo iodométrico - soluglo contendo 500
mog/ml; método do perduxido de hidrogénio - solucdo &mM; método colérimetrico - con—
centracio 2M.

Foram determinados os limites de confianca (5) e efetuada a analise de regress3o
{p = 0,05) dos resultados (5), para determinar a precisic dos mStodos empregados.

# Dissertacic de Mestrado em Fammicia, Dept? de Farmicia, Centro de Ciéncias da
Saide UFPE, com auxilio da CAPES.

Rev. Microbiol., S3o Paulc, 15{1):24=26, Jan./Mar. 1984.
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Resultados e Discusséo

Método iodométrico - Os resultados, em duas séries de dez ensaios consecutivos, com
cu sem solucio tampdo, estio expressos em mililitros de iodo consumidos pelos pro-
dutos de hidrdlise alcalina da cefazolina (Tabela 1).

Apesar de Alicino (1) ter empregado o método icdométrico, sem utilizar solugao
tampac, para dosear a Cefalosporina C, 08 resultados encontrados nesta pesquisa
contirmem a necessidade de juntar tampdes (2, 3, 4, 6, 7, 8, 9, 11, 13), para re-
sultados mais exatos nos ensaios com solucgdo tampao, os produtos da hidrdlise da
molécala da cefazolina consumivam maior guantidade de icdo.

Os limites @e confianga para os ensaios de cefazolina foram 3,19+%0,14, com solu-
cio tampdo e 2,23%0,07, sem solucio tampfio o que mostra que os ensaios sem solucdo
tampao foram mais reprodutiveis.

Método do perdxido de hidrogénio — A técnica que melhor se adaptou & cefradina
(Técnica C - Oliveira, T.J.G.,no prelo) foi usada para a cefazolina, em 10 ensaios
suceseivos, utilizando 60 minutos para o periodo de repouso. O volume de NaOH 01N
consumido foi 2,1340,08ml.

A an3lise de regressdo, aplicada aos resultados dos ensaios efetvados, em 5 con-
centracdes diferentes de cefazolina (Figura 1), n&o rejeitou os pontos analisados,
indicando que o método do perdxido de hidrogénio pode ser incluido entre os métodos
de escolha para o doseamento de cefazolina.

Tebela 1 - Ensaios de Tabela 2 — Ensaios de cefazoli-  Figurs 1 - Relagao entre
cefazolina realizados na realizados pele método colo-  concentracdes de cefazoli-
pelo método iodome- rimétrico na e hidroxide de sodie
trico 0, 1N consumido

T . HWidroxi- __  Bbsox-  Limites de  Desvio (mt)
Ensaios com sem Jamina ® bincias confianca padrzo 4.0

zZl

§°?31\3'2 3; gg sem 0,247 .
032, . niquelry 0,235 © 3,0
consumi- 3,2 2,2 455 0,237  0,2414%0,007 ©,006 =
dos () 3,1 2,3 /246 g o .

3,4 3,5 =2 2,04

3:0 2:3 0,243 @

3,3 2,3 cexn 0,271 1,0

3,2 2,4 niquelys ©,269

3,4 2.4 480 0,277 0,2738%0,005 0,004

33 3 o2 & 10 214 16 (oW
Limites 6,279 & Ami
de con— 3,19%0,14 2,3220,07 Cafgzoling 6 mM
flanga il g
Desvic
aaria 017 0,09

Método colorimétrico — As leituras de absorbncias dos ensaios de cefazolina, com
hidroxilaming e com hidroxilamina-—niquelyy, juntamente com os respectivos compri-—
rentos de onda, nos quais ocorreu a maior absorbancia, bem como o resultado de sua
andlise estatistica, s3o apresentados na Tabela 2.

Para algquras cefalosporinas, Mays & col. {10) recomerdam que as leituras das ab-
sorbincias sejam efetuadas a 470nm. Entretanto, nas condicles utilizadas nestas ex-
peridneias a maior absorbancia para a cefazolina ccorreu a 455nm nos ensaios reali-
zados com hidroxilamina e a480nm naqueles cam hidroxilamina-niquelyr. Por cutro la-
do, para a cefradina (Oliveira, T.J.G.,no prele) a maior absorbancia ccorreu a
450nm em anbos tipos de ensaios.

No presente caso, nos ensaios realizados cam adigdo de niquelyr as leituras de
absorbéncias foram waiores.

Os ensaios efetuados para a elaboracao da curva de calibracic da cefazolina (Fi-
gura 2), bem como a andlise de regressdo dos resultados, que n&c rejeitou os pontos
analisados, indicam que a técnica da hidroxilamina sem adigao de niquelyy se mos-
trou sensivel para o doseamento da cefazolina.
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ConclusGes Figura 2 - Curva de cali-

bragdo para a dosagem de

Considerando os resultados cbtidos scbre o dosea- cefazolina
mento  da cefazolina, pode—se concluir que: a. no mé—

todo icdométrico, a solacio tampdo ajuda a fizacdo do
iodo pelo produto formado durante a hidrélise da  mo— g O350
l&cula; b. o método do perdxido de hidrogénio pode S 0.400.
ser incluido entre os métodos de escolha; c. o método ¥ o360
colorimétrico, sem adicdo de niquelyy também se mos— o
trou conveniente. & 0,280/

& 0,240 + L)

2

g

-1

0,0401
20 25303840 [ml)
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Resumo

Antigenos polissacaridicos, obtides de sete amostras de Pa-
racoceidicides brasiliensis, titulados em 1958, foram reti-
rulados em $981. As titulagdes foram realizadas pela mesma
técnica de 1958, comstruindo-se linhas de regressao antige-
no-complemente, obtidas com excesso de anticorpe. Os anti-
genos mantiveram inalteradas suas propriedades, apés 23
anos de conservacao em refrigerador comum, 2-49C, em condi-
cbes estéreis, sendo que, em varias ocasioes permaneceram a
temperatura ambiente, durante muitas horas. Discute-se a
importancia desta verificacio, principalmente quando rela-
cionada com a utilizacdo do antigeno nas provas intradérmi-
cas, de fixacio do complemento e de precipitacac em meio
1iguido.

Sumrary
Vigbility of the polysaccharidic antigen of P. brasiliensis

Polysaccharidic antigens prepared froz seven different
strains of Paraccceidiotdes brasiliensis, were titrated
again in 1981, by the same procedure used in 1958, when the
antigens were obtained., Regression linear lines by ploting
antigen against complement necessary for 50% hemolysis, in
antibody excess, were obtained for each strain of P.
brasiliensie. 1In this way it was possible to demonstrate
that the immunological properties of the antigems did not
change after 23 years preservation, in refrigerator under
steriie conditions. This demonstration was worth of
discussion mainly in correlation with the wuse of
polysaccharidic antigens in intradermic tests, complement
fiwation reaction and precipitation reaction in liquid
medium, '

Rev., Micrcbiol., SSo Paulo, 15(1):27-32, ‘Jan./Mar. 1984.
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Introducio

A utilizacio de antigeno polissacaridico de P. brasiliensis, em reaghes de fixa-
gdo do camplemento, foi defendida em 1955 (2). O antigenc foi obtide apds modifica—
¢80, introduzida na técnica de Norden, em seus estudos sobre anticencs de g,
schenckii. A modificacdo permitiu a utilizacio do antigeno em reagdes quantitativas
de fiwacfo do complemento, pela ticnica de Wadsworth, Maltaner & Maltaner, - 34 que
melhoron muito seu poder fixador. Posteriormente, o antigeno polissacaridico de P.
bragiliensis foi usado em reacgdes de precipitagic am meio ligquido, bem coms, rela-
tada a sua obtengao e caracteristicas, separadamente, a partir de oito amostras do
fungo (3). A utilizagdo em provas intradérmicas foi padronizada (4). No estudo do
tempo minimo de cultivo, necessirio 3 obtengdo do antigeno, técnica de producio e
extracao fol republicada (5).

(s antigenos, preparados e titulados em 1958, foram conservados e reestudados em
1981, para verificag¢fo da durabilidade.

Material e Mdtodos

a. 4ntigenos - SEo estudados os antigenos polissacaridicos, obtidos, separadamente,
de sete amostras de P. brasiliensis (AS, PIL, SN, SM, 104, 265 e 395), preparados
em 1958. Néo foi incluido, no presente, o antigeno da amostra 18 cue foi campleta—
-rmente consumido,

b. Soro positive - Mistura de soros humanos, provenientes de pacientes de paracoc-—
cidioidomicose, rica em anticorpos e utilizada em diluicao que continha excesso de
anticorpo, para fixar atd nove unidades de complemento {HS0).

C. Reagao de fimagdo do complemento — Técmica de fixagdo do complemento de Wad-
sworth, Maltaner & Maltaner, como foi utilizada nas titulacBes feitas em 1958 {3).
Foram determinadas as quantidades de antigeno, necessarias para 50% de hemdlise
frente a trés, seis e nove wnidades (H50) de complemento, em presenca de excesso de
anticorpo. A titulaclo, em presenca de excessc de anticorpo, & possivel, porque o
sistera fomece curvas de isofixagio do tipo 1 {1, 3).

Resultados

A Figura 1 representa as linhas de regressdo antigeno-complemento, obtidas para
cada wa das sete anostras de P. brasiliensis nas titulacbes realizadas em 1958,
reconstruida a partir dos dados anteriores (3). A técnica das titulacdes bem camo o
modo de construgao da figura & foram publicadas (3).

A Figura 2 apresenta as linhas de regresséo antIigenc—complemento, para as nesmas
amstras de P. brasiliensis em retitulacdes procedidas em 1981 dos antigencs, pre—
parados em 1958.

O exame das quas figuras mostra que as quantidades de antigeno, necessirias a 502
de hemblise frente a trés, seis e nove 1nidades {H50), foram praticamente as mesmas
nas titulagGes realizadas em 1958 e 1981, de cada amostra de P, brasiliensis., A
distribuicdo das linhas de regressao € g medma nas duas titulaches: os antigenos
mais potentes foram os obtidos das amostras AS, PTL e 395 & o menos potente da
amostra SM, Em ambas as figuras as linhas de regressio sdo convergentes, indicando
que as diferencas entre as varias anostras s3o de natureza quantitativa. A superpo-
sicdo das figuras, quando desenhadas scbre papel vegetal transparente, dJdemonstrou
que menores quantidades de antigenos foram necessarias, nas titulactes realizadas
em 1987 do que em 1958, para se cbter 50% da hemdlise com trés, seis e nove unida-
des de complemento.

Estas pequenas diferencas, entre as duas titulacBes, ficaram mais evidentes quEn-
do as linhas de regressio, obtidas nas duas titulacdes, para uma nica amostra de
P, brasiliensis, s&o inscritas na mesma fiqura (Figuras 3 e 4), para as amostras
395 e SN. :
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Figura 1 — Quan- AS

tidades de anti- }PTL w4 SN

genos em 335 2es S
0,00001ml, neces~ /

sirias para fixar 3K
3, 6 e 9 unidades
(#50) de comple-
mento {nas orde-
nadas) para anti-
genos de 7 amos-
tras de P. brasi-
liensis prepara-
dos e titulados

em 1958
6K 4

3K A

25 50 100 200 400

0 antigeno da amostra SM parece ter sofrido qualquer alteragdo de natureza quali-

tativa, durante o pericdo de conservagaoc, pois as linhas de regressao se entrecru—
zam (Figura 5).

Discuss3o

Nao julgamos pertinente discutir a camposigio dos varios tipos de antigenos ja
utilizados no estudo immolégico da paracoccidioidomicose. Geralmente s3o antigenos
complexos, constituidos de extratos, lisados ou filtrados. A obtencdo de fragdo an~
tigénica especifica, como © antigeno Eo de Yarzabal (13), certamente representa
grarde progresso no estudo immoldgico da paracoccidioidamicose. No entanto, a de—
mostracio da heterogeneidade antigenica, das diferentes amostras de P. brasiliensis
{(12), bem como a heterogeneidade de resposta, de difexentes animais da mesma espe-
cie, estio a irdicar que miitos estudos sdo ainda necessérios, para conclusao defi-
pitiva. Isto & verdadeiro, principalmente no que diz respeito i utilizagdo dos an-—
tigenos para © diagnostico imnolégico da paracoccidioidomicose, em suas varias
formas.

Quando se prepara tm novo tipo de antigeno, além de demonstrar sua eficiéncia, em
provas immoldgicas, & essencial demonstrar sua viabilidade, sob varias condigOes
de manutencio. E essencial saber da durabilidade do antigeno, quanto a seu eprego,
em cada tipo de prova immoldgica. Como exemplo da importincia da estabilidade de
atividade immoldgica do antigeno, queremos citar sua utilizacio em provas intra-
dérmicas. Todos conhecemos os percalgos enfrentados na padronizaggo da dose a ser
injetada. Por outro lado, conhecemds as dificuldades enfrentadas no envio e conser-
vacio do antigeno, para regifes afastadas, onde se pretenda realizar investigagdo
epidemicldgica, através de provas intradérmicas.
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Figura 2 - 0s mesmos antigenos da Figura 1, retitulados em Figura 3 -~ Linhas
1981, (23 anos apds conservacio a 2-40C). Ordenada: comple— de regressac obti-
mento - unidades (#50); Abscissa: antigeno {0,00001ml) das nas titulacgdes

de 1958 e em 1981
para o antigeno da
amostra 395 de P,
brasiliensis. Orde-
nada: complemento —
unidade (H50); Abs-
cissa: antigeno
(0,00001m1)

265

o 195119833
' 385 (1ss8)

!
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!
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3K

25 sG ik} 260 400

Quando um antigeno, destinado a exames de laboratdric &

comercializado, torma-se indispensavel a indicacdo de como
conserva-1o puro e apds diluicdc, bem coxw a  indicacio de 25 50 190
sua durabilidade, nas varias condigdes.

No que diz respeito aos antigenos, utilizados no estudo
immoldgico da paracoccidioidomicose, as indicagbes sobre a
durabilidade do antigeno puro ou diluido s3c escassas. Ne-
groni {8, 9) menciona gue o antigeno filtrado mantém—se inalterado por longo tempo.
Mackinnon & col. (7) dizem que a paracoccidioidina (filtrado), quando diluida, per—
de a atividade antigénica, apbs 20 dias, & temperatura ambiente. Fava Netto (3) es—
tudou a estabilidade do antigeno polissacaridico, durante tr8s anos, demonstrando
que ndo havia perdido poder Fixador nem se tornava anti-complementar, apds conser-
vagdo em refrigerador comum, a 2 e 49C, durante esse periods de tempo. Restrepo
(10) e Restrepo & col. (11) estudaram a utilizac3o de filtrados, em provas sorolo-
gicas de difusdoc em gel de agar e em provas intradémmicas. O antigeno pode ser pre—
cipitado e conservado scb forma de pd, que &€ diluido, por ocasifo de sua utiliza-
g&0, Este tratamento certamente podera facilitar a conservacio e durabilidade do
antigeno.

Os presentes resultados demonstraram a estabilidade do antigeno polissacaridico
de P. brasiliensis, quanto a seu poder fixador de complemento, por periodo de 23
anos. Sabemos que a dose, & ser utilizada em provas intradérmicas, pode ser calcu-
lada, a partir de sua atividade fixadora do camplemento (6).



Figura 4 - Linhas de regressao obtidas
nas titulacoes de 1958 e de 1981 para
o antigeno da amostra SN de P, brasi-

liensis. Ordenada: complemento - uni-
dade (HS0); Abscissa:  antigeno
(0,00001m1)

Pigura 5 - Linhas de regressio obtidas
nas titulacoes de 1958 e de 1981 »para
o antigeno da amostra SM de P. brasi~
iiensis. Ordenada: complemento - uni-
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O antigeno polissacaridico de P. brasiliensis recebeu tal denominagdo, a partir
dos estudos iniciais de Fava Netio (2), por s EM Sua composigdo, predominam os
polissacarides. Varios estudos (ndo publicados), através da cromatografia gasosa e
em camada delgada, indicam que os polipeptidios icipam de sua carposicio, tendo
sido comprovada a presenca de dezesseis aminodcidos.

Este antigeno se presta para o estudo immolégico da paracoccidicidomicose, atra—
vés das provas de fixacdo do complemento, de precipitagdo am meio liquidc e das
reacbes intradé&micas. Dal a importancia da presente demonstracio de sua durabili-
dade, apds 23 anos de estocagem.
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Resumo

Yersinia entervocolitica foi pesquisada em 122 amostras de
fezes de criancas gue apresentavam diarréia aguda. Apds o
enriquecimento, em tampao fosfato por 3 semanas, as amos-
tras de fezes foram semeadas em placas em meio Y e incuba-
das a 289C por 48 horas. Houve zpenas um isolamento {0,8%)
de Y. entervcolitica.

Summary

Yersinia enterccolitica in children with acute diarrhoeas

Yersinia enterocolitica was searched in 122 stool samples
of children, showing diarrthoeae. After three weeks
enrichement in phosphate buffer at 40¢, ‘the stoecl samples
were inoculated in Y medium and incubated at 289C during 48
hours. Only one Y, enterogslitica was £ound among all
sample analysed.

Yersinia entevceolitica & wma das principais causas de enterites, nos paises es-
candinavos e no Canadi., No Brasil, o primeiro isolamento de origerm humena deu-se am
1876 {Piszolitto, A.C.; Falcdo, D.P.; Shimizu, M.T.; Galvao, S.B.M. & Giraldini, E.
- Contr. Micrabicl. Immmol., 5:169-173, 1979). Posteriormente, outros casos huma-~
nos foram relatados em S30 Paulo e Ric de Janeiro (Fontes, C.F.; Toledo, M.R.F.;
Reis, M.H.L.; Murahovschi, J. & Trabulsi, L.R. - Rev. Microbiol. (S50 Paulo),
9:167-168, 1978. Decarlis, M.R.S.T.; Falcdo, D.P.; Maffei, H.V. & Pavan, C. — Rev.
Microbiol. {S3o Paulo), 13:50-52, 1982. Stumpf, M.; Ricciardi, I.D.; Oliveira, N.;
Sabard, A. & Bernhoeft, M. - Rev. Bras. de Pesquisas Med. Biol., 11:383-384, 1978) .

Foram estudadas 122 amostras de fezes de criangas, de 0 a 3 anos de idade, apre-
sentando diarréia aguda, atendidas no Hospital Universitério de S&o Paulo.

Fm paralelo & técnica usual de isolamento de enterchactérias, utilizando fezes
recentemente emitidas, foi segquida a técnica preconizada por Soltész (SOltész,
L.V.; Schalén, C. & Mardh, P. — Acta Path. Microbiol. Scand Sect., 88:11-16, 1980).

Ocorreu apenas un isolamento (0,83%) de Y. enterocolitice, unicamente no meic de
Soltész, com coldnias pequenas, nac fermentadoras de lactose. As provas bioguimi~
cas, realizadas a 28°C, mostraram que a cepa isclada apresentava comportamento  &i-
pico da espécie, a saber: celobiose +; lactose —; melibicse -; ramose —; sacarose
+; trealose +; glicose (acido) +; glicose (gas) —; wréia +; indol —; H25 (TSI) -;
VM 28CC +; VM 279C +; VP 2B9C —; VP 370C —; motilidade 28°C +; motilidade 37°C —;
lisina descarboxilose —; arginina dihidrolase —; ornitina fescarboxilase +; ONPG
280C +; ONPG 379C +; oxidase —; fenilalanina desaminase - (temperatura de incubacao
289C, quando nao especificada; + reacdo positiva dentro de 1 a 2 dias; - reagio ne-
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gativa). .

A tipagem identificou~a como pertencente ao sorotipo 0:32, © antibiograma (Bauer,
A.W.; Kirby, W.M.M.; Sherris, J.C.; Turck, M. - Amer, J. Clin. Path., 45:493-49¢,
1966), revelou ser a ampstra sensivel a tetraciclina, cloranfenicol, carbenicilina,
canamicina, colistina, sulfanetoxazol—tr;i.rretroprim, sulfadiazina, necmicinz, sulfa~
to de gentamicina, cefoxitina, amicacina e resistente a ampicilina e cefalotina.

Pelos dados cbtidos e pela literatura nacional, a coorréncia desta bactéria, em
nosso meio, € baixa. O inverso acarretaria problemas no diagndstico de diarréia, O
tempo de enriquecimento de amostras de fezes & longo {21 dias), o que dificulta a
introdugio deste metods, rotineiramente, para o izoclapento de V., enterocolitica em
casos de diarréia, pelos laboratdrios de anilises clinicas ndo ligados & Saide
Piblica. Sequnds Nildhn (Niléhn, B. - Acta Path. Microbiol. scand. {Suppl
206) :1-48, 1969}, o sucessc no isclamento de Y. enterocolitica depende muito do ti-
po do material analisado, Quando se trata de hemoculturas e de culturas de linfono—
dos mesentéricos, por exemplo, nio mostra maiores dificuidades. Contudo, com  mate—
riais com flora mista, & aconselhivel o uso de meios seletivos e de enriquecimento.
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Sumary

Examination of 69 strains of group A streptecoccl for
extracellular hyaluronidase production revealed a direct
correlation between bacterial growth and formation of the
enzyme (r=0.95) as the maximum production was reached at a
rime when there was a maximum ip the turbidity of the
culture. Results confirm the observation that all group A
streptococcal M types elaborate the enzyme in wVvitro.
However high-hyaluronidase production was not found to be
restricted to certain serotypes.

ReswEnn

Sorotipos e hialuronidase extracelular em estrepiococos do
grupo 4

Avaliacac da hialuronidase extracelular em 69 cepas de es-
treptococos do grupo A mostrou que © crescimento das bacté-
rias e a producdo da enzima sdo correlacionados (r= 0.93),
sendo que a formagao maxima desta correspoende a2 maxima tur~
bidez da cultura. Embora confirmado que todos os estrepto-
cocos do grupo A, M-tipiveis, elaboram a enzima "in vitro',
ndo foi verificado que a maior preducdo de hialuronidase
esteve restrita a certos tipes.

Introduction

Investigations on the extracellular hyaluronidase of grouwp A streptococel  have
been directed towerd elucidating the participation of the product in the pathogenic
mechanismis) of the microorganisms. Differences have been found in the in vitxo
production by M types of streptococei as strains belonging to types 4 and 22 were
shown +o be higher—enzyme producers (7, 11). However antibodies for streptococcal
hyalurcnidase have been looked for and found in sexa of many patients following an
infection by a variety of M types of group A streptococcl {5, 11). Thus it appears
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that the many strains of infecting group A streptococei have equal capabilities for

producing the hyaluronidase in vi

. This curious situation called atrention to the

need for additional studies on this streptococcal product. We present here data on

the in vitro production of the

Material and Methoods

Streptocoseal strains - Sixty nine styains
been described in previous publications (1

were assayed for hvaluronidase and have
» 2). T and M typing were performed only

after assay of the enzyme. All but 2 strains were T-typable and 41 were M-typable.

dssay for myaluronidase production by
strepiococeal strains - A single colony
was inoculated into 5ml of a Todd—Hewitt
dialysate medizm (1) and streptococci
were grown for 16 hours at 37°C. A
Subculture was then made with a2 1%
inocculum  and  bacterial growth was
allowed to proceed at 379C for 16 hours.
Cultures were vigorously wmixed an
optical density of the cell suspension
was measured in a Klett Summerson
colorimeter equipped with the green
fiiter (1). Thereafter hacterial oells
were removed by centrifugation. The
supernatants thus cbtained were tested
for enzyme activity by the method of
Benchetrit & col. (3} and the specific
activity was expressed as 1mits of
hyaluronidase per unit of optical
density of the culture (1).

Statistieal analysis - Values for
hacterial growth (Klett wnits) and
hyaluronidase production {specific
activities) were submitted to the
' Fisher's correlation test. The Sigmoidal
curves prepared from the variables of
the respective caussian curves were
transformed into probits and used to
calculate the time needsd for maximm
growth and enzyme production to cccur.

Results

Hyaluronidase activity during bacterial
growth -~ The following experiment was
designed to detect and quantitate
hyalurcnidase production during growth
of an M-4 T-4 streptococcus. The strain
was grown in a 100ml quantity of medium.
At various times during the incubation,
bacteria were harvested and culture
Supernates were prepared {1). The tire
course of enzyme production expressed in

Figure 1 -  Bacterial- growth and
hyaluronidase production. A culture of
an M & streptococcus was incubated at
379C and samples withdrawn at various
times (times: 2, 5, 7, 10, 13, 16 and
24 hours) after inoculation of the
dialysate medium with a small imoculum
(1Z). Optical densities of the samples
where measured and culture supernatants
were ' then prepared and assayed for
enzyme activity (1)
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term of enzyme specific activity is illustrated in Figure 1.

hyalurcnidase formation and the
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The increase -in

increase in the culture paralleled each other
during the period of logarithmic growth., Levels of enzyme

specific activities

achicved a 6-fold increase at the peak of this pericd.

Statistical analysis — There was a fairly high
degrea of correlation betweeen the two series of
variables (turbidity of the culture and enzyme
production, r=0.95, p<0.01). Probit calcdlations
indicated that maximm turbidity was reached at
13 hours and maximm hyalurcnidase production at
12.6 hours. Production of hyaluronidase by the
remaining 68 strains of streptococci was
-determined in supernates of 16-hour cultures as
there was no significant difference in specific
enzyme levels at 12.6 and 16 hours.

Production of enzyme by serotypes of streptococei
_ Of the 69 strains examined, 68 produced
hyaluronidase at levels ranging from 0.1 to 0.056
wnits of enzyme per uwit of optical density
(Table 1). All strains of M-types 12,69 and 74
produced enzyme. The strain that did not produce
hyaluronidase was an M-type 49, However one
strain of the same type éid produce the enzyme.
Six -of the 7 T—type 11 strains were not M-typable
and produced hyalurcnidase.

Discussion

Production of the enzyme hyaiurcnidase by group
2 streptococci has been reported by several
authors. Evidence was found for extracellular
production by M-types 1{5, 10}, 3, 6, 14, 18,
39(9), 4, 22(4, ), 5, 10, 11(19), and 12, 38 and
44{5). Pike (8) described the production of
hyalurcnidase without determination of the M
types of the strains tested. The percentage of

enzyme-producing strains in these studies ranged.

fram 6 to 55%. Faber and Rosendal (6), reported
that cnly two (M types and 9 and 24) of 40 types
did not produce the enzyme (6). Gerlach & Kohler
examired 33 M types and demonstrated that only
types 4, 5, 19, 22, 24, 25 and 28 where capable
of producing the enzyme (7).

In the present study, we have assured near
maximm enzyme production {or release) by
allowing the cultures to grow at 37°C for 16
hours. We have also used a very sensitive assay
for hyaluronidase activity {1, 3}. This has also
allowed for demonstration of enzyme activity in
culture supernates of the 30 types of growp A
streptococci tested (and available at the time
the study was undertaken). In addition 68 of the
69 strains we examined were
hyaluronidase-producers. According to our survey
for hyaiuvronidase formation by growp A
streptococcal serotypes, 57 of the 59 Imown
M-types tested produce the enzyme.

Table 1 - Hyaluronidase enzyme
present in culture supernates
of 69 strains of group A
streptococci.

Syabols: a. ND = not detected;

b. NT = not typable with
available antisera (2)

Strain maber Serotype S.a.%

* T

76603 (€203 8) 3 1 0.047
75194 4 4 0.034
75140 5 5/27/44 0.048
79046 11 11 0.022
GT 6898 12 12 0.025
GP 9211 S 12 12 0.020
GT 8761 (X56) 12 iz 0.040
GT 7817 12 12 0.020
79297 12 12 g.012
71690 8 9/18 2.022
71806 2 22 0.019
71894 24 4 0.040
GT 6271 28 28 0.813
79301 32 3/13/B3264 0.020
79065 32 3/13/B3264 0.020
79055 33 3/13/B3284 0.020
71715 48 4/28 4.036
Gr 9278 49 48 TR
GT 8760 49 48 6.031
7177 50 4728 0.015
71718 52 8/25 0.026
78052 . 53 3/13/B3284 0.026
71724 57 8/25 0.040
78234 58 25 0.020
79037 60 4 0.023
72465 62 11/12/27 0.018
72453 63 4 0.025
72392 64 il 0,032
75412 65 NT 0.020
76182 3 12 0.025
75414 67 9/28 4,038
75415 68 1 0.020
75416 &9 3 0.038
78021 €9  3/13/B3264 0.018
79187 69 3/13/B3264 6.020
75417 70 28 4.010
75418 71 8/18 £.03%
79296 74 9/3/13/B3264  ©0.020
79223 74 9/3/13/83264  0.020
79290 74 9/3/13/B3264  0.018
79278 74 5/3/13/B3264  0.043
79300 NT 3 0.024
78082 Wt 3/13/B3264 4,056
79315 i B3264/9/44  0.016
76129 NT 2 0.024
79215 N 4 0,027
78118 NT 4 0.020
79270 NT 5 0.026
78037 NT 28 0.016
79317 T 5/25/44 0.018
78045 KT 5/27/44 0.019
78025 [l 5727144 0.019
78019 N i1 0.027
79015 NT 11 0.016
79019 NT 11 0.018
79154 wr 11 0.020
79298 NT 11 0.020
7903% NT 11 8.012
79214 iy 12 5.028
78124 By 12 06.021
79057 ur 14 0,023
79247 NT 14 0,020
78045 NT 8/25/Imp. 19 0.819
79189 WP 8/25/Imp. 19 0,020
79140 T 8/25/Imp. 19 0.020
78053 NT  8/25/Imp. 19/2 §.018
79023 NP 8/25/Imp. 19/4 ©.018
79010 wr 11/12/5/21/44  0.024
79008 NT 14/3/13/B3264 0,032
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Hyalurcnidase elicits antibodies that are useful in the establishment of group A
streptococcal infections (9, 11, 12). Because high anti-hyaluronidase titers were
reported for only a few types causing the infection (5, 11) additional studies
should be usefil to detemmine the factor{s) that may influence the in vivo release
of the enzyme by these strains,
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INFORMACAD TECNICO-CIENTIFICA SBM

Strathern, J.N.; Jones, E.W, & Broach, J.R., eds. - The molecular biology of the
yeast Saccharomyces: 1life cycle and inheritance. New York, Cold Spring Harbor
Laboratories, 751p., 1981. U8§590.00

O livro consiste de revisdes schre aspectos da biologia molecular da levedura
Saccharomyess cerevisiae, principalmente os relacicnados a seu ciclo celular e he~
ranca extracromossmica. Em um sequndo volhume, ja programado pela Cold Spring Har-
bor, serZo abordados outros assuntcs, envolvendo o metabolismo e expressdo genica
nessa levedura. Os capitulos iniciais apresentam revisdes scbre Saccharomyces cere-
pisige como um Sistema genético, técnicas de mapeamento, estrutura génica da leve-
dura e sua replicagdo, sua citologia e seu ciclo celular, o controle de seus tipos
de reacdo sexaal e o desenvolvimento dos esporos sexuais, © fentmeno da conversao
génica e a recombinacfo mitdtica e a mutagénese e mecanismos de reparo do DNA. Os
assuntos sao tratados em um nivel elevado, porém de modo clarc, bem ilustrado e re-
pleto de refer@ncias bibliograficas. Esses capitulos sao de autoria de especialis-
tas, muitos deles que fizeram ou fazem a histdria da genética de wicrorganismos, em
geral e das leveduras, em particular. Nos capitulos que se seguem, sao abordados
aspectos bem atuais e relacionados com a heranca extracramssdica, incluindo-se
revisdes scbre linhagens "killer" de S. cerevisiee, sobre o plasmidio 2m de grande
interesse para a engenharia genética, scbre a estrutura das mitocondrias e sobre a
jenética de mitocAndrias e suas fungdes em leveduras. Esse Gltimo capitulo & por si
36 um livro dentro do proprio livro, com 120 paginas com informagbes atuais e cerca
de 700 referéncias bibliograficas. B um livro de aito nivel, que representa a pu-
janca da genética de levedaras. Ao lado das cbras de Hayes e de Glass, schre gene-
tica bacteriana e seus bacteridfagos, de Fincham & col., sobre genética de fungos,
principalmente os filamentoscs, © presente livro, junto com O seu sequndo  volune,
deve se constituir em material de consulta indispensavel, nas bibliotecas especia-
lizadas em genética e microbiologia. Além dos gque trabalham na area, deve servir
também acs estudantes de pds—graduagdo que desenvolvem pesquisas nessa importante e
dindmica area de conhecimento.

Joao Lacio de Azevedo
Instituto de Genética
ESAI) ~ USSP -

Caixa Postal 83

13400 Piracicaba SP

Brasil. Ministario da Satde. A salde no Brasil, 1(2):1-64, Jan./Mar. 1983.

"2 Saiide no Brasil" & wma publicacgio trimestral, feita pelo Ministério da Satde,
através do Centro de Docmmentacdo e que, de acordo com seus editores, esta destina—
da a promover debates e a suscitar criticas, mesmo que estas contrariem posighes do
prépric Ministério. A revista é dirigida a um piblico selecionado, composto de pro-
fissionais de safide, jormalistas especializados, politicos, estudiosos do assunto,
estudantes e técnicos, em geral e espera publicar, em cada nimero, vérios enfoques
sobre wm mesmo assunto, buscando ocupar um espaco ndo utilizado pela imprensa tra-
dicional.

0 primeiro nimero de "A Saide no Brasil", sobre policmielite, procura alcangar as
metas propostas. S3o sete artigos, assinados por pesquisadores nacionais e estran-
geiros, da maior proeminéncia neste campo, apresentados por uma introducdc que tra-
ca breve histdrico da poliomielite no Brasil.

O primeiro & assinado pelo Dr. Jodo Bastista Risi Junior, atual Secretario Nacio-
nal de Acdes Bisicas de Salde e descreve o controle da policmielite entre ncs, a
estratdgia utilizada pelo Ministério da Salde, nos dias nacionais de vacinacdo, 08
resultados cbtidos, a situacdo epidemioldgica atual e a vigiléncia necessaria, para
cbter as informacbes precisas para Wme correta avaliagdo.

Rev. Micrcbiol., S3c Paulo, 15(1):39-40, Jan./Mar. 1984.
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O sequndo trabalho, do Dr. Nelson Moraes, "Vacinac3o em massa ou de rotina" com-
plementa o anterior, discutindo as estratégias, empregadas pelo Ministério da Sai-
de, de acordo com as nossas condigbes sanitirias.

O terceiro artigo, do Dr. Jonas Salk e o quarto artigo do Dr. Alkert Sabin discu-
tem as indicacGes e contra—indicacdes das duas vacinag de poliovirus, a de virus
ndo infeccioso {inativado) e a de virus atenuados, cada um advogando o tipo de va-
cina gue escolheram para aperfeicoar. O Dr. Sabin imputa, a uwma possivel divisio
climatica, algumas das falhas observadas na vacinacio com virus atenuados, justifi-
cando a necessidade de Campanhas de Vacinagdo em massa, bem crganizadas, procurando
atingir a guase todas as criangas, emnquanto o Dr. Salk argaments que uma possivel
erradicagio desta moléstia somente serd obtida pela utilizagao da vacina inativada.

O trabalho seguinte, do Dr. Hermann Schatzmayr, aborda a poliomielite post-vaci—
nal e a vigilincia epidemiolégica, estabelecida para detectar tais casos e seque-se
-0 artigo de Dr. aAkira Homa sobre a fabricagio de uma possivel vacira hrasileirs
contra a poliomielite, justificando a produgéo desta entre nds, devido a un mercado
cativo, representado pelo acréscimo anual & populacdo de 3,5 milhdes de criancas. E
apresentada a estratégia que estd sendo executada na FIOCRUZ/Bio-Manguinhos para a
producdc desta vacina.

0 Qltimo trabalho desta revista &, sem davida, © mais polémico. Trata-se de arti-
go do Dr. Aloysio Campos da Paz Jr. & col. contestando, de maneira légica, os méto-
dos tradicionais de recuperagio de doentes portadores de sequelas de poliomielite.
As deformidades fisicas podem apresentar um complexo mecanismo de compensacio, o
que torna discutivel a validade dos procedimentos corretivos, devido & cruebra da
interacdo estabelecida entre as deformidades e © processamento cerebral de compen~
sagdo e, entdo, O preco que o paciente paga & sempre wma perda de eficacia e de ve-
locidade. Os autores propdem, entfo, wra nova atitude de convivencis com a deformi-
dade e nao a busca de uma normalidade questiondvel.

"A Salde no Brasil" &, a julgar pelo primeiro nimero, uma revista bem cuidada
quanto a apresentacdo grafica, com artigos de alta qualidade, expostos em linguagem
c¢lara e acessivel, atingindo pienamente os cbjetivos delineados por seus editores.

Oscar de Souza Iopes
FIOCRUGZ

Caixa Postal 926

20010 Rio de Janeixo RT
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