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INTRODUCTION.

Ln orgenism is an inseparable part of and is at the mercy of

7
its environment. A living orgenism gradually consumes the bene-

- -

thereby, slowly changes its

ficial parts of its surroundings and,
surroundings to a more hostile environment. Since this process
normelly occurs at & slow rate, the svecies, because of its genexi
endowment, is able to compensate for the environmentel chenge. A
teady stete is meintained by the process of natural selection.

However, the genetic changes of 2z species ere finite, whiie the

possible envircnmental changes are infinite. If the changes sre too

fh

or extensive, the species either evolves intc & new species or

- . . 17,31
~becomes extinct.

re

Ma£ follews this same pattern. However, since the beginning of
the Indusirial Revolution, man has teen injecting 2 grezter amount
of fcreign materials at z higher rate into his environment then ever
Some of these materials, whether they are chemical or
high energy, increese the freguency of the deleterious zmutations in
the human gene pool. At the same time, man has been decreasing
selection froz his environment by such means as improved medilcal
care and sanitation. As man decreases selection, he also, though
unintentionelly, maintains end accumulates deleterious nute-

- z
. 13,20 s .
tioms.” ”’ This i1s because the frecuency of mutant genes in a

population is primerily determined by: e) mutation rete and b)

v
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.
degree c¢f selection exerted on new mutations.61a°3

Since most societies, including ours, are committed tc the
meintenance of a high standard of living, the trend to use materisls

arge quantities in the absence of selection will continue. To

p.

help preserve the humen species as we know if, we must identify those
chemicals that cause mutations before they become widespread. The
detection of chemical mutagens exong meny non-mutagens is a difficult
tasX since the effect of 2 chemiczl mey be very slight quentita-
tively when cbserved for a generaticn end in en experimental sample
of limited size. Nevertheless, even 2 slight increesse in mutation
razte can change a species irreversibly cver the generestions. This

3 % -~

hesis deals with the mutegenic aspects of cne of these chemical

ot

foreign meterials.

Two categories cf test systems to detect chemical mutegens
have been devised: &) those ihat employ mermels and, b) those thet
employ nen-marmmalians. Inasmuch as our concern is primerily with
the effects of mutegens on humens, & test system utilizing mammals
is the zost desirable.

The large porulation, the inherent variebility from individual
tc indivicduel, and the facis that mutations are rare evenis and
detection depends on a large number of orgenisms (10,000 end up),
meke it desireble to use large numbers cf orgenisms in 2 test system.
Mammzls are expensive and difficult to raise and test on such a

large scele. The non-mammalien (especially microorganism) system

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



offers an advantage because of the ease of raising and handling
large numbers of organisms. However, the results obtained by the
ncn-rpamnelian system mey not be relevant to me.n.l"’l6
Recently, a test system wes developed that exployed the two
systems together - the host-rediated assay21~ so that the adventages
of the two systems could be combined. This method employs the use
several million bacteris in which the mutation freguencies could be
measured. These eare introduced intc the peritoneal cavity of mammels,
which in turn are injected or fed with e test compound. With this
nethod, the ability cof the marmel's systen to potentiate, detexify,
exerete or ctherwise neutralize z compound is tzken into eccount. A
smell nurder of enimrels is needed for tais itesi. The limitation of
the host-mediated assey is thai it is cepeble of measuring genetic
response in only one area of the anirmel's beody, the peritoneal

. - : .~

cavity, an ares that is not directly involved with heredity. Thus,

ct

-

¢ irn the peritoneal cevity mey or mey not

(=0

g chemical that is

1
B

rtegen
be mutagenic in the goneds.

s thesis & successful modification ¢f the host-mediated

i3
133

in t
assay is presented in which the bacteria, placed in diffusion bags,
were impisnted in the {estes of mammels. These mermals were than
R AR el d? 1 - <+ 21 32)'1’3)"’ - o : 3 - o i
injected ~rith 2 kKnown rmutegern, streptozotocin. Streptozcto-

¢in was found to increase the frequency of mutations in bacteria

located in the testes.
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REVIEW OF LITEZERATURE

Streptozotocin

History of sireptozotocin

' i
The antibiotic streptozotcein®? ,28,37,80,8! % (Figure 1) was Tirst
isolated and purified from a Streptomyces achromogenes fermentaticn

o

it teen T . ,-20 = .. cqs s .
broth oy Herr et a1 = in 1959, and its antibiotic properties were

6

described by Vavra et al. Streptozeotocin is produced by Strevte
myces achromogenes variant 128, which was iscleted from 2 scil sem-—

vle taXen at Blue Repids, Xanses. The organism was Ceposited with
the Northern U

(3

ment of Agriculiure as culture IBRL 2697.

Prvsical ant chemicel oroverties

In 1967, Janrnke ané Argondelis™ were the first io synthesize
repiozotocin. This process was later modified by Hessier and

Jahnxe intc a twec-step synthesis. First, N —methyl isocyanate is

on .

reacted with an aqueous solution of D-glucosarmine at -2 C to yield

s in turn reacted with liquid

15
-

D-glucosamine N-methylurez whic
nitrogen trioxide to afford streptozotocin (Figure 2). This reaction

precduces an 80 percent yvield c¢f streptozotocin in yellow crystalline

form whick has a melting point of 115-115.5°C with decompositicn and

evolution of gas. Streptozotocin is freely scluble in weter and

}=4
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Figure 1. treptozotoci E X N-carbemyi-N-methyl-N-nitro-
igure 1. Strepiozotocin (C8 151\30,{), N-carbamyi-N-methyl-N-nitro
so-D-glucosamine, has a molecular weight of 265 with 115-115.5°C =p

associated with decomposition end evolution of gas.
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N-methylurea

Figure 2. Synthesis of streptozotocin.
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‘o 25
shows nmuterotation to en equilibrium value of [a] 39 degrees. The

sciid is usually e mixture of o- and B~ isomers with regard to Cl i

N z

the glucose moiety of the molecule.
The stability of streptozotocin in soluticn was studied by
. 23 N Lo s . - .
Garrett in 1960. He found that streptozotocin readily degrades in
an aguecus sclution as e function of hydrogen and hydroxyl concen-
trations (Figure 3) with e meximum stebility at pHE L.0, where th

antibiotic has e half life of 90 hours et 30°C. EHe further found

thet at pE 1.0 the helf life is 1L hours and &t pE 7.0, 3.8L hours

impcrtance on oral administration, degradeticn in the intestines and

blood would be irmportant because the half 1ife of the antibiotic &t

m
b 0,
1~
’..h
1y
m

DE 7.0 at 37°C is celculated to be one houwr. Thus, the nal

-

he blood weuld be one hour cr less regerdless

> e - <~ 3 3
¢l streptezotcein in t

cf the metabolic or excretory rates of the crganism given the drug.

The solid state of streptozctocin is alsc unsteble gt room tempera-

46

ture and must be stored below 20°C

Svectrophotemetric determinstion

& spectrophotometric determinetion of streptozotocin wes devel-

18
n 196L. The method involves acid cleavege of the

(2

oped by Ferist
N-nitrosomethylamicie tc yieléd nitrous zcid, diazotization of sulfan-
ilic acid with the resulting nitrous acid, and coupling of the diazc-
rium selt with N(l-nephthyl)ethylenediemine dihydrochloride to pro-

duce an azc compound with meximum ebsorption at 550 mu, which is
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(2) Acid degradation cf streptozotocin

QKo + HOH q g- +
R~-N~C~N-CH - H -N-C-N-CH ~N~C-
: 3 pow” ENO, + R-N-C-N-CH_ > R-N-C-OH + CH N,

(b) Alkaline digesticn of ecid degraded streptozoiocin

o _ E _
R-N-C-0F OF + p-NeH + co;
it OHT, .
CH ¥H Ca X,

(e} Alkeline degradaticn of streptozotocin

BQy o HQ . % ]
R-N-C-N~Cii, OH7, p¥-C-om O spey-m + co,
+
cEx, Mo wm x4
ZLZ Nig + CH30H + ;\2

() Aci¢ digestion cf elkeline Cegraded streptozotcein

Yoome ‘3;,_
R-N-H - R-N-H
B
}zl B+ Ili +
B-N-H ~ > B-N-H
B

coy Fracor

(O8]

Figure 3. lechanism for the degradetion of streptozctocin.

R is

H
The N-nitroscmethylurea group is attached to the second position carbon

on the 2-deoxy-D-glucose molecule.
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read on & spectrophotometer. This rethod was found to be able to
recover 97.8 % 3.0 percent of streptozotocin in a solution (30 to

120 ug/mi).

Antibacterial sctivity

Streptozoteocin is active in vitro ageinst both gram-positive

ané gram-negative bacteriz and demonsirztes in vive activiiy ageinst

. . R . 25,28 6C,64 . - .
most of these corgenisms in nice. 9526,37,00,0 This activity is

thought to be due to sireptozotcein'’s 2bility to inhibit deoxyridbe-

L8,%9

nucleic acid (DNA) synthesis. Streptozotocin also inhibits
5§

this synthesis in memmalian cells.

Digbetogenic activity

ten and Wadkarni ~ reporied that the antibiotic streptozotocin was

ciabetogenic because intravencus administraiicn prodyced frank die~

betes in dogs axd rets. Irn zdditicn tc the rat ard the dog, strer-

tozotoecin has been found to induce disbetes in a nuxber of species

g.T238:85,50 o

-t

inecluding the hamster, monkey, mouse and guinees pi

rabbit and mer have been found tc be resistant to streptozotocin's

35,51

(a2
(4]
ct
o
»
'.h
0
-
ct

diebetogenesis. y end diebetogenic doses ere

A

species dependent. A single intravenous dose of 50 mg per kg is
needed to induce diabetes in the dog, but this dosage ceauses sgbout
50 percent of the animels to die. Diebetes can be conveniently

orocduced in the dog with no deaths by repeated daily injections of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



lower doses; the minimurm necessery was reperted to De 15 mg per kg

L5

per day for three days. In the rat, dizbetes Is prcduced 100 per~

cent of the time with a2 single injection of 50 mg per kg. The LDSO
7z

in the rat © to be zbout 1LC mg per kg.

O
w
ct
L]
o
‘3
ct
[0
[\
[e]
1
o
[¢]
W}
3
5]
)
n
-+
O
FS:
a

- L) - K3 '/
The mouse, Zowever, recuires & dose of 175 te 200 nmg per kg for in-

1, ),
- s P - “'T,SB;S"' n 3 - . L - .
duction of diabetes. The LJSO in the mouse is estimeted to

s Lg <

be about 275-400 mg per kg. The overéoses of the drug appear to

aeffect, erart from the islet B-cells, the kidney tubules, the liver
. . - 2,32 . , .

and the excerine portion of the pancrees. Cataracts and eye

lesions were eiso founé in rasts rendered disbetic by streptczoto-

. 2,52
cin.

Streptozotocin causes Segranuletion and frank necrosis of the

B-cells end disrupticn of the islets of Langerhans. The a-cells

1

gppear normal during the course of the diszbetes induction. A
triphesic patiern of the blcod glucose, depleticn of liver glycogen

© abou: the time ¢f the peak cf the iritiel nyperglycemie, end the

-

elevated plesme insulin levels during the hypoglycemiz zre also

46

cavsed by streptozctcecin.

The glucose moiety in the streptozoctocin molecule is necessery
g X T

. I

for strepiozotocin's distetogenic activity, tut not its aniitumor
+6
- - - .
activity. The glucose moliety of streptozotocin 1s thought o

S

have z potential "cerrier function” to bring ebout contact with or
o X 55

the transport across the B-cell membrane.

Several genersl conclusions can be mede about the poorly uncder-

stocd mechenism of the diasbetogenic action of streptozctocin: the

site of disbetogenic sction is the islet-cell, the binding of the
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drug to its site of action is completed within & very short tinme,

and the histologicel and biochemicel changes observed later than

about 15 minutes after intravenous injection ere secondery changes

”

and are not due to a direct streptozotocin effect.

-

Hicotinamide has beern found, when given intraperiteoneally 10

nutes before streptozotoein in e 500 mg per kg cdose, to completely

W2
46,54,55 .
protect against dizbetogenesis irn mice and rats. 7 °° Pyrazin-

emide and 2-deoxyglucose were also found to be prctective against

R ¢ S .
streptozotecin diabetes. In mice, a single disbetogenic dose of

o )]

streptozotocin depletes NAD and NADE for ebout 2% hours. Initielly

L

NAD is removed from the liver followed by & decrease in NAD forme-

Y

tion prcbebly resulting from a reductiorn in tissue upteke of Ihe
precursors.” Nicotinamide's diazbetic protection is due to its
stirulation of liver NAD and FADE synthesis Ce novo. This pre-
treatment, which protects completely ageinsti strepiczotocin dizbetes

does not abolish streptczotocin's antitumer ectivity.

Carcinogenic activity

- . . 3 . . .
In 1967, Arison ané Feudele  demonstrated that streptozotocin
coulé irduce renal tumors in rats and was thus carcinogenic. The

male rats were found to be more susceptible to tumorigenic action
> 5 * 1 : s hl‘ - +h 3
than femalie rets, and Rekietan et &l  suggested that this differ-
ence mey be due to sex difference in drug metzbolism and excretion
e 3 T 58 Ta +
cr to some hormonzl factors. Sibay znd Eayes® were also able to

demeonstrate that streptozotocin cen induce tumors and cther lesions

in the liver of the Chinese hemster. Pancreatic islet-cell tumors

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



were also found to be induced ir the rat, according to Rakietan
k3

et al

Carcinostatic sctivity

. . s X . s s ‘- L3
As predicted from its phege induction ablllty.ET’ streptozo-

tocin nas been found to heve carcinostatic activity in a veriety of
enimal systems. Phage induction has been correlated with antitumor

eoea. 27,81 o s s
activity. Streptozotocin is effeciive

[EN
[BN

n irhibiting growth of:

Walker 256 carcinosarcoma, sarcoma 180, Ehrlich cercinoma, and rurine
leukemias L1220, P388 and L5178Y. These results were slsc confirmed

by the Cancer Chemotherapy Nationel Service Center screening tests

11,5k
? It was because of sirepiczotocin's sctivity

(#sC-37917) .
against mouse leukemiz L1210 that the drug wes selected for clinicel
trial.e Marray-Lycn et el =~ was the first tc use streptozotoecin %o
control irntractable hypogiycemie in e humen with = metastatic car-
cinome of the pancreetic islets. This treatment was fcund to pre-
vent hypoglyceria and to reduce the tumor size. Since then, &
number of petients have been treated for the islet-cell cercinome
with verying degrees of success.50’56’59’62 In addition, the

streptozotocin treatment of advanced gastro-intestinal cancer was

studied and the cancer was found to respond only slightly to the
Q
Cd

(O3

Streptozotocin causes verying side effects, including

treetment.

nausea, vomiting, ané transient and reversible renzl, hepatic and

8

pencreatic B-cell toxicity.  Several deaths due to renel failure

51,56

have been attributed to stre:-ozotocin treatment. Since these

deaths, the dosage of streptozotocin hes been reccrmended as an
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intravenous dose of 1 to 2 grams of streptozotocin per square meter
f‘bd f - r-d 3 A £ o 3 56
o bocdy surface arez per week Ior a pericd of five to six weeks.
In none of the reported cases did any petient develop insulin-

dependent diabetes nor was there any marrow demege observed.

Mutagzenic activity

In 1968, Gichner, Veleminsky ené KrepinskyZL and Kolbye ané
-

- b e . . . .
Legator” reported thet streptozotocin wes mutegenic. Gichner's

group detected streptozotocin's mutagenic zetiv

'_u

ty in riants, while

L4}

Kolbye's group detected its mutagenic esctivity in bacteria. Xolbye
end Legator found that streptozotocin ernd H-nitrcscgusnidine had

comparable activiiy in viitrc. Gebridge and Legestor ~ and Gebridge,
Denunzic and Legator®" in 1960 were sble tc demonstrate streptczoto-

cin's mutagenic activity in er in vivo system (the host-medizted

Host-medizted Microvial Assay

The host-mediated microbial assay was develcoped by Gebridge and

o2l s 5 . e -
n 1968,” tc determine the abiliiy of lzboratory animals

'J .

Legator,

either to potentiete or to detoxify compounds irn regerd to their

. s a.. 22,36 . . ,
mutegenic zetivity. >3 This assey incorporates the advanteges
- of bacterial test systems (observation of large numbers and several

generations over a short period of time) with those of z marmalien

2l 1,

system, which is more representative of man. 1 the host-medisted
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essay, as originally developed, the indicetor microorganism is in-
jected into the peritoneal cevity, while the compound to be tested
for mutzgenicity is introduced into the mammel by & different route
(e.g. orally, intravenously or intremuscularly). Subsequently, the
genetic indicetor orgarism is recovered end plated on sppropriate
selective nedle for the determination of muteticn fregquencies. 4
significent increese in muteticn frequency over control levels fol-
lowing treetment with a2 test compound indicates thet the compouné wes
present in the mammel in z muitegenically active form.

The histidire auxctropns of Salmenellie tyohirmurium, the forwerd

mutetion system in Neurcspora crasse and suxotrophs of the yeast

Saccaharomyces cerevisiae have been the mejor indicetor organisms

n this technigue. The histidine orercn of Szlmonelile is

(20

utilized
one of the besi cheracterized cperons, ané over & thousand histidire-

requiring zufants nave been located in & fine structure map of this.

3

1istidine

opercn. The siructural genes for the enzyrmes of the
operon {10 enzymes that convert the 5-carbon chein of phosphoribosyl
pyrorhosphete to histidine) are lcczted in a cluster on the Salmon-

o
ella chromosore.

A deteiled prctoecl for the host-mediated assey wes recently
z

published bty Zeiger anéd 3Brusick.

Since its develcpment, the host-mediated essay has veen used
- b
2,19,k2,67 . . -
by a number of 1 4V85u15au0*5, 9 ‘ ana their resulits have

supported the original finding that the assey would detect whether

the host organism potentiated or detoxified the test compound.
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frong the chemicels that have been tested in the essgy using
Salmonella his G-L& are: streptozotoein, which was found to be

pesitive in both the in vitro end the in vive tests; 2-emino purine

- .

nitrate, which was found to be positive cnly in the in vitro test;

dimethylnitrosemine, which was found to be positive only in the in
vivc assay; end caffeine and LSD, both found tc be negetive in the

S s s s 20,21
in vive and in vitro assays.
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METECDS AND MATERIALS

Bacterial strain

Salmonelle tyvhimurium tester strain GL6, which is & spontan-

ecus histidine requiring missense nutation, was used throughout

S

these experiments. The his GL6 strain has = base substitution which

ters one codoxn in the mRNA from the gene coding for the first en-

zyme of histidine btiosynthesis meking it ineffective in the conver-

sion of S-phesprhoribosyl-l-pyrornosphate to K-(5'-phcsphoribosyl)-

D $n -3 3 g+3as
T2 in the histidine © (21so see RZVIEW OF LITER-

|Jl
(o]
n
D
13
ct
)
(4]
ct
}e
O
Lo
)
B
5
~

e ) .
ATURZ}. 3Bacteria cerrying the his GLké mutation are unsble ic grow
cn mirimel medie (see Medie) while its spcntanecus or induced rever—
tants to histidine irndevencence cen. The sirain was cbiained From

Dr. Rruce Am D £ 33 mis i ;5 14 i
Dr. Bruce imes, Departzent of Biochemistry, University of Celifcrnia

Overnight culiures of Salimonelle typhinurium his Gh6 were grown

in nutrient broth { 8 grams Difco Nutrient Broth per liter of dis-
tilled water). Trhe minimel medis (M¥) used contained 15 g Bactoc Agar
TS \ _ > - ) g
(Difee), 20 g glucose, 9.85 g K HPO,, 4.22 g K 20, 0.9% g (ME,) 80,
-

Ll oo 5 3 5 -3 3 4 3
0.k g ue.scsnso,{, ané 0.05 g v’ZgSOh per liter of distilled water.
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To cdetermine the muteagenicity of a compound, bacteria wer
spread on MM plates erriched with & trace (0.1 U mole per plete) of
histidine. The purpose of the small amount of histidine in the MM
was to assure za few cell divisions on the MM plates following muta-
genic treaztment so that mutations present in & premutetionel form
(such as an alkylation) or in only one sirand of DNA could be ex-
pressed. After z few rounds of cell replication, the histidine en-
richment is exhausted and only the histidine-independent revertants
could form colonies which *hen were ccunted i¢ determine the zute-

genicity of the compound (for cemputation of mutatica frequency see

Surgical technicue ané bacterial plate assay). Nuitrient agar (Difco)

plates and eppropriate diluticns of bacieriz in glucoseless MM were

e¢ for vizble counts.

&

Animals

The animels used were Upjohn strain mele albinc rats, welghirg
between 300 and 350 grems. They were cbiained from the Upjohn Com-

pany, Xelarazoo, Michigan.

The diffusion bags were constructed from Millipore filters pur-
chased Ircm the Millipore Company, Bedford, Massachusetts. Although
several different size bags were experimented with, the bags con-

structed from the 9 X 1L mm rectangles that were cut from sheets of

25-u thick filters (0.45-u pore size) were found to be the best

| Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



compronise between the amount of bacteria that tkhey could hold and
practical size for implantation.

In order to prevent damage during subseguent handling, the rec-
tangles were wetted with water end handled with blunt-nosed forcevs.
2 wetted filter was wrapped eround the plunger of a 0.25 ml glass
syringe which was mounted on a stand abcut 40 mm sbove the tsble
surface. The overlapping edges were seeled with Millipore MF Cerent

No. 2, applied with a2 syringe fitted with a 277G rneedle.

'_J
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The resulting filt halfwey cff the plunger
and seeled by epplying Mr Cement to the iInner surface of the tube

and by compressing it belween twc Teflon blocks. The partly seeled
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3.5 mm in Giemeter; having & triangular shape on 21l sides and a
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vegs, placed individually in small viel caps, were
arranged in petri dishes in groups of Tfive and were sterilized with
ethylene oxide (steem sterilizaticn distorts them). The sterilized

diffusion begs were stored in the refrigerator until needed.

On the day of the experiment, & culture of Salmonelle typhinur-

iur his GL6 grown overnight in nutrient broth (Difco) was centrifug-

ed and resuspended in one-fifth of its originel volume in nutrient

broth. 20 Ul of the resulting 5-fold concentrated culture were

placed in each sterile diffusion bag by puncturing the filter begs

with & 27G needle fitted on 2 100 ul syringe. Following the inocul-
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ation, the puncture holes were sealed with MF Cement No. 2. The
begs were examined for proper sealing by means of a stereoscopic
microscope. They were then flooded with 0.2 ml MM to prevent drying

out and were stored at 4°C for one to three hours until im plantetion.

Surgicel technigue ené bacteriel plate assay

Just pricr to surgery, &ll the animaels were sheved of their o m S

hair from the arees in which incisions would be made. These areas

were scrubbed with pHisohex. The diffusicrn tags containing the -

tesier vacteria were implanted under eseptic condition intec the

testes and peritoneal cavi ~al been anesthet-

ot
'
(¢
n
o]
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ct
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ct
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0
83

zed with ether. The testicwler implanitation wes azlweys done first

$-4e

beceuse 0f the greater time needed.
g

was made in the scroturm just zbove the left testis with =z scalpel.
d T

A similar incision was made in the tunice vaginaiis using scissors.

15

The testis was exposed through the incisions by means cf z crile re-
tractor. Throughouti the procedure, the testis was kept moist with
normel saline. A puncture wes ithen mede in the exposed testiculer
capsule, and extra fine point dissecting microscisscrs were used to
meke an incision froz the puncture wound approximately L mm in length.
Care was teken tc avold demege to the vasculature and seminiferous
tubules. The diffusion bag was eased through the incision and placed
among the seminiferous tubules with e slight rccking motion. Subse-
wently, the incision was tightly sutured with Cuti.cﬁlas 668 G 5-0

Ethilon nylon. The testis was returned to the scrotum, and the
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scrotal incision was clcsed with wouné clips.

The peritonesl implentation wes accomplished by meking an in-
¢ision in the lower right section of the agbdominal well with e scal-
pel. £ diffusion bag inserted through the incision intc the peri-

toneal cavity was pleced neer the spieen. Thils incision was cleosed

The znimels were allowed to come out of the ether; ané cne hour
following the placement of the diffusion bags, the animels were in-

Jected intramuscularly in the rignt thigh with one of three solu-

ot

ions

.

salire, or 1, or 10 mg/kg body weight streptozotocin sus-
pended in seline. Three hours later, the animels were killed by
cervicel dislecaticn, and the diffusion begs were recovered asep-
ticell First the wound elips in the scrotal incision were removed
and the tesils was re-expesed. Scissors were used to expand the
vesticular capsulie incision until the diffusion bag was expcsed.

-

The beg was then rexoved with blunt forceps and was pleced in 5 ml
MY to remove adnering fluids and tissues. The periioneal diffusicn
tegs were removed in z similar manner and were alsc placed in sep-
arate vials conteining 5 mi MM

Zach bag was transferred to ancther vial containing 5 ml MM and
was cut into very smell pieces with two sharpened spatula beforebeing
shakern vigorously for 2 minutes with & Vortex mixer to release the
bacteriz into the media. fter the filter fregments settled to the
bottom of the tube, the dacteriel suspension was decanted znd weas

washed twice in 5 ml portions of MM by means of centrifugation at
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0000 rpm for 15 minutes. At the end cf the second washing, the

cells were resuspended in 2 ml MM. The resuspended bacteriz were
then plated on both histidine-enriched MM and nutrient esger to deter-

14,66

mine rmutation frequency andé survivel. The plates were incubated
. -3 . - . - - =
at 37°C; the nutrient egar pletes were incubated for sbout 2L hours

and sccred, ané the histidine-enriched minimal ager plates were

scored up tc T2 hours at 2L hour intervels. The bacteria was scored

f

and mrutetion frequency to histidine irdependence was determined by
dividirg the number of histidine-enriched colcnies (aprearing on
nistidine-enriched minimal medie plates during L8 nours of incuba-
by the number of survivors pleted. Mutation frequency to
szell or medium cclony tyves wes determined by dividing ihe number

of small or medium colonies (eppearing con nutrient agar plates during

L . N T 5 3 5 : ;
L8 hours of incubation) dy the number of colonies per piate.
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RESULTS

Mice were originelly used as the test animals, but their testes
were too smell to implant diffusion bags of 2 size to hold sufficient
numbers of bacteria. Rets were then used, and their testes were
found Lo be of adequate size. The testes were easily lifted from
ané returned tc the scrotum. The arrangement and consistency cf the
seminiferous tubules allcwed the inserticn of the diffusion bag with
& slight rocking motion. This quality is species éependent, for in
the dog the testis could not be returnei to the scrcium, cnce re-
moved from it, without great difficuliy. The seminiferous iubules
of the dog are so densely packed that the tubuies had ic be cut
before the beg could be eased intoc the testis 5 With experience,
the testis Implantation of the diffusion bag in the rat could be
done In 10 mirutes with one assistant.

Contrcl experiments (Table 1) showed that 86% cf the cells cculd
be recovered Irom the diffusion bags. Incubation of equivelent-size
inocculum in nutrient broth in or out of diffusicn bags resulted in
abcut 2 tripling or gquadrupling of the cell count é&uring four hours

f incuvation at 37°C. When &iffusicn bags containing bacteria were
implentec in either the peritoneal cavity or testis for fcur hours,
the number of cells recovered remeined abcut the same as at the

beginning of implantation. The frequency of mutetion to histidine

independence was similer under the various control conditions. The

19
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The effect of diffusion bag on S. typhimurium in vitro and in vive.

Handling of Number of  Survivel® Histidire-indevendent

inoculum® semples (%) revertants per 10
tested® cells plated

Pleted immediately 5 100 0.53

bag, immedietely
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Suspended cirectly

in 5 ml nutrient broth,
incubated at 37° for

L h, recoversd and
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Placed in diffusion
bag, susvended in

5 =1 nutrient broth,
incubated at 37° for
4 h, recovered and
lated
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in diffusion
, implanted in the
itoneur of rats for
, recovered znd pleted 2 129 Q.

jo7]

ace

€

=
[ b
=
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Placed in diffusion beg,
implented in the testes
of rats for L h, recov-
ered and plated 2 88 9.14

®Tnoceulum is prepared by resuspending an overnight culture in one-

fifih its originel volume of fresh nutrient broth (5 times concen-
trated culture) of which 20 ul ere used either for immediate pla-

ting or to fill diffusion bags.

®Eech sample was plated in tripliceate.

,
©100% survival represents approximetely 6.6 x 10° cells per plate.
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survival of the bacteria showed large sample-to-sample variation
under comparable control or treastmen:i conditions (Tebie 2). Seversl
of the bags in the veritoneal cavity were observed to have been
surrounded with fatty tissue.

Becteria saxples incubated Iin the periteoneel cavity and in the

}

testis of the seme animel head siniler frequencies of mutaticn o
histidine indepencdence at both concentraticns of streptozotocin in
each of the twc trials (Teble 2). A4t 10 pg streptozctocin/kg bvody
weight, the mutetion freguency to histidine independence increased
about 10-fcld as compared to 2 ireatment of 1 ug streptozotocin/kg
boly weight. 7Vhen sireptozotccin-treated cells were tlated for via-
tle count on nutrient ager plates and incubated for L8 heurs st 37°C,
some small (barely visitle with the naked eye) and medium-sized

(ebout 2 third toc z hald of the normal size) colcnies were observed

B

n addition ic the expecied normel-sizel colonies. Spall and medium

colenies, like histidine-independent revertants, were induced in

the testes. However, they were induced frcx 100 to 1000 times more
frequerntly than histidine-independent revertants. The induction of
small andé medium co0lcny types, like the induction of the histidine-
independent revertants, was dose-dependent (Table 2). Small and

medium-sized colonies were induced in approximetely equal fregquen-
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TABIE 2

The fregquency of mutations induced in S. ityphimurium éuring
3 h exposure to sireptozotocin in vivo per 10° survivors.

Treeinent of Streptozotocin  Survivel  Histidine- Small- and
inoculum in (zg/kg body (%) independent medium-size
é¢iffusion beg® weight) revertants colcnies

Sxperiment 1

Unincubated controll 100°¢ 0.0 0
Implanted in peritoneum 0 26 1.3 0
Implanted in testis ¢ 38 0.2 o
Irplanted in peritoneun 1 Lo 10.5 3,000
Implanted irn testis 1 18 i0.9 9,000
Implanted in peritoreum 10 2z 111.¢C 128,000
Implanted in testis 10 Ls 93.3 271,000
Experirent 2

Unincubated control® 200 0.5 0
Inplanted in peritoneum O 13k c.5 0
Implanted irn testis 0 i1 L.8® 0
Implanted in peritoneuxm® 1 119 45.9 13,000
Izplented in testis? : 6L 52.k 10,000

&Tnoculium prepared the same way as in corntrcl experimernts (Table 1).

4

(o - P N . ae . . s
Inoculum recovered from éiffusion beg immediately after inoculation
and plated.

c 6

Iod . . . - <
>“100% survival represents zpproximetely T.6 end k.7 x 10~ cells per

plate, respectively.

€The reletively high sponteneous freguency noted here is prcbedbly
due to the low number of cells plated.

P .
“Average of two seamples.
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DISCUSSICN

This thesis presents evidence that the CSHMA not only possesses
the adventeges of the hest-medisted assey, but also improves upon
this system. 3Both the host-medieted assey and the OSHMA are advan-

tageous in that they incorpcrate the edvantages of bacterizl test

systens (observation of large numbers and several genersiions over

)

S

m
)
3
i

period of time) with those ¢f &z mammalian system, which
o 21 -

more representative ¢f man. Both asseys are used to determine the

ner tc potentliate or to cdeteoxify

The 0SzEMA hes at least three advaniages over the host-mediated

- . - - 3

21,66 . o
? Tt hat the hosi-medisied assay monitors
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mutegenicity in zn arez of the test anirmael, the peritcneal cavity,

waick is rnot invelved in the transmissicn of the hereditary meter-

ial. Ir contrast, the OSEMA as epplied in the experiments reported

here is eble to detect mutazgenic activiiy in the ereaz of gonads and

.

n the close vicinity of the seminiferous tubules within which

(B

reiosis and spermetogenesis take plece. While mutations can take
piace irn both sometic (e.g. peritonesl caviiy) and gonadel (e.g.
testes) cells, in the former nutations are confined to the indivi-
dual carrying them, while in the latter induced mutations stend &
chance of being transmitied tc future generastions and may increase
in number and frequency through sexual reproduction and gernetic

drift. Before the initietion of the present work, it has nct been

23
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clear whether or not streptozotocin can be detected in the testis
through the use of implanted vacteria, although this possibility

was strongly impliel by the work of Ficscr and Muthiani

testes homogenates from streptozotccin irn treated animels. The

present data (Table 2) indicetes that the presence of streptczotocin

in 2 mutagenicelly ective form can be demonstrated in the testes

with implented

ndicateor bacteria. Based oxn this observation, it

I—’-

mey be predicted that other indicetor cells, such as human leucocytes,
mermalian bone marrcw, blastccytes, yveast, Neurospora or other vari-

eties of indicator cells could be implanted in the testes of the rat.

The second advantage of the OSEMA over the host-medisted assay

is that with the fcrmer method veariocus organs of the test animal's
i body cculd be surveyed £c¥ theée presence of a mutegen or its muiagen-
o e
ically ective meteboiite. This type ¢f information mey be useful in
locating the site of deloxification, activation, or storage of the
test cormpound in the animal.
p The third adventege of the OSHME is that a higher percentage of

the implanied bacteria can be reccvered than in the host-mediated
assay. The reported efficiency of recovery of tacteria with the
host-mediated assey is cnly 10%, while the recovery of bacteria
with the OSEMA was found tc be 86% (Teble 1). It should be noted,
however, that with the host-mediated assay, a larger number of bac-
terial cells can be treated and recovered per animal, since many
more cells cen be implanted in the peritoneal cavity (ca. 108) than
6
)

in the diffusion bag (ca. 10°) due to the small volume of the latter
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(30 ¥1). This volure limitation is imposed by the size of the rat
testis.

Teble 2 shows that the results of the OSEMA, like the host-
mediated assgy, are reproducivle. Some sample-to-semple variaticn
under comparable control or treatment conditions was found. This

-

mey te due to eitner partial loss of some samples Guring nandling

or tc dlfferences in thelr interaction with the in vivo environment.

A technical improvement c¢f the OSEMA would be the use of nylon
reinforced 0.45 U pore size Millipore filter tubes of appropriate
length sealed on voth ends in place of Millipore filser s
(Materials and Methods) that were used in the present experiments to
corszruct diffusion be, To date only one diffusion bag has been

Son

constructeld frox nylen reinforced Millipore filter tube. This tube

was filled with bacteria and was implanted in the testis of a2 stirep-
tczotocin~treated dog {10 mg/kg body weight). A positive mutagenic
response was ctiained.” The diffusion bag constructed from this

nylon reinforced filter tube is sturdier and easier to consiruct
then the diffusicn beg constructed from ulira—thin Millipore filter
sheets. The new type of diffusion vag hes not yet been tested in
the raz.

In comperisor to other test systems, such as the dominant lethal
test, in vive cytogenetics test and the specific locus tesi, both
tne OSEMA and the host-mediated essay cffer some advenizsges: they

are less expensive, less time-consuming, require fewer manipulaticns

and are more sensitive in detecting point nmutations.
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Some disadventages were found in the OSEMA and were not unlike

o b

those of the host-mediated assay. As with th
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negative result is meost probebly due to detoxificaticn, but & non-
systemic distribution or sub-optimel coxncentration is also possible.
L& negetive result would elso be obtaine

et a locus different used in defining the auxotrcph; i.e., & nege-

tive result only indicates the ebsence of a mutation &% the locus

using an organism(s) with more then cne marker.

Zven though the presence of g chemicel mutegen in the testes

ef rats in the close proximizy of the serinifercus tubules wes

Gemonstirated, it is not known if the mutegen wes alsc present in-
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side the seminiferous tudbules ané in the gerxm

to Getect chermical mutegens inside the seminifercus tuvbules is under
2 racd sy s . s

developzent. Most importently, it is rot xnown whether e zuiation

of bacterie izpilanted in the testis or the peritoneal cavity is a

measure of zmutagenicity In the host. Ozly parellel (SiMis end ani-
mzl breeding experiments could enswer this cuesticn. Should there
e a pesitive correletion between the two, the CSEMAs cculd be used

to determine if a treeted animel (to be used as & sire in breeding

experiments) received the desired mutegen exposure in the testes.

The OSEMA could te used to test men-consumed drugs for muta-

genicity in men in vivo. Such testing cculd either be done within
4
intact huzen subjects or with remcved orgza.ns."‘5 The testing of

<

human blood for the presence of a zmutegern should reise nc difficulty

e copyright owner. Further reproduction prohibited without permission.
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since such tests have already been performed with mammalian
. ik

blood. »15

The smell colonies mutations induced by the streptozotocin

treatment in the OSZMA were subsequently investigated by David

14

Zimmer, another stuéent n Dr. CGyula Ficsor's laboretory. His study
revealed that the smell colonies remesired small even after 6 deys

of incubation &t 37°C, and they rroduced small-colony progeny
through repeeted singie-colony isoletions. Some ¢f the smell-colony
isolates revert To normel colony size at z low frequexncy. Light
microscopic examination showed that cells taken from the smell cclo-
then their untreated parents. UNormal coionies
thet have been derived from sirepiczctocin-treated cells contained
normal-sized cells. Cells f;om szall cclonies zre non-metile, es
shown by the hanging-drop motility test and lack flegella, &s saown
the small-colony phenotypes (Teble Z) was that they increased the

genetic resclution of the system since they occured in wncomronly

high freguezncies. In some itreatments 275 of the trezted cells ac-
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cuired this phnenciype (Table 2). Another advant

small-colony pnenotypes is that they represent genetic charnges that

o - : .

are independent of the mutational events at <the aistidine GL6 lccus.
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CONCLUSION

This thesis resulted in a2 number of conclusions regarding the
OSEMA and 1ts ability to detect mutagenic activity. Three adven-

tages of the CSHMA over the host-mediated assay were fournd. These

animel involved in the transrwission of hereditary material as well

eriicneal cavity.

b
}
8]
[t
g3

2) the 2bility to survey the test animal's organs for the

presence ¢f z mutagen or 1ts mutagenically zctive metabolite.

3) the ability fc recover a higher percenizge of the implanted

bacieria than in ihe nosi-medizied asszy (86% as compared to 10%).

A rnurrer of additicnel conclusions were demonstrated by this

1) diffusion bags were fournd ic have little effect on survival

and mutagenicity of the bacteria.

no
g

streptozotocin was found tc be mutegenic in the tesiis as

well as in the peritoneal cavity

(28

3) the mutation freguercy induced by sireptezoiocin irn the
testis was found to be about the sare as irn the peritoneal ceviiy.

L) a2 10-f0lé increase in the mutaticn freguency wes found to
exist wher 1 ug streptozctocin/kg oy weight was compared to 1C ug
streptozctocin/kg body weight.

28
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S) small- and redium-sized colonies were induced by <he

streptozotocin.
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