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INTRODUCTION AND HISTORY

The toxic effects of certain members of the Order
Actinomycetales have long been recognized both from the
pathogenic effects of the plants themselves on the ex~
perimental animal and from toxic reactions produced his~
tologlcally and physlologically by extracts from the
plants,
| The first reported isolation of an Axtinomycete was
made by R. Foerster from the concretions of the lacrymal
duct and was designated as Sireptoihrix Foerster by
Perdinand Cohn (1875). Harz (1877) was the first to use
the term Actinomyces, applying 1i to an infective organism
from cattle which was discovered by Bollinger (1877).

Hogardls as a type genus of the Actinomycetes was
first described in 1889, However, it was not until 1905
that Wright distinguished between nocardiosis and actinomye
cosis; This was the initial recognition of a pathogenic
difference in genera of the Actinomycetalss, Since that
time extensive work has been done in describing the pathology
of these infections together with effective treatments by
meang of penicilllin, sulfonamides thymol, and the Strepto-
myees series of antiblotics (Colebrook, 19213 Cope, 19383
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Lyons, Owens and Ayers, 1943; Dobson and Cutling, 1941 and
1945) .,

Interest in the toxic effeciz of extracts and by-products
arose parallel to the development of antiblotics from the
Astinomycetales, Gratia and Dath (1924) were the first to
recognize the antibacterial asctivity of a metabolic product
of a certain strain of Actinomycetes (Frieden, 1945), fThis
product had been designated as actinomycetin, but work on
1ts toxielty was not continued, This antibacterial substance
was probably similar if not ldentlical to other antibiotics
developed later,

In 1939, Weksman and kils co-workers began an extensive
program on the 1soclation of actino-typss to serve as poten-
tial antibiotic producers., By 1942, a total of 244 types
had been 1solated from a wide variety of natural habltats.
0f the total examined, only nine were obltalned from lake
wud; the others were lsolated from various soll types,
compost and menure, Only one of the nine aguatic ore

ganisms, nawsely Migromonogpora

8D, Strain 1, revealed
any antagonistic properiles (Waksman, Horning, Wilson, and
Woodruff, 1942), Actinomycin (Waksman and Woodruff, 1940
and 19%1) wag the first antibiotic substance isolated for
study from the survey begun in 1939, This compound from

g antibioiicus (Waksman and Woodruff) proved
to be one of the mosgt toxic subastances isolated from any
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pptomyces. Regardless of whether the injectlon was made

into the blood, muscle or peritoneal cavity, 10 micrograms

of the substance per 20 grams of hody welpght were sufficient

to kill a mouse, while 0,5 to 1,0 micrograms killed fowls.

& lysozyme from jeiinomygls reported in this same year by

the Russians (Kriss, 1940} showed little antibacterial promise,
Welsch (1941) at the University of Liege igolated

Attinomycetin from Sireptomyces albug (Rossi Doria emend,

Krainsky). No information is available concerning its toxic

qualities.

| 8 3P+, Straln 1, as stated above, was
studied as a potential antibliotic producing strain of Acti-
nomycetes, Micromonosporin was recovered from culturez of
thiz organism but its antibacterial spectrum was limited so
study was discontimed,

Professor Gardner of Oxford in 19%2 deseribed a sube-
stance, isclated from Nocardia (Proactipomvces) gardneri
(Waksman)g to which he consigned the name proactinomyecin.
Sequential studies have revealed alsoc A, B and C types of
proactinomyein, All varieties have exhibited chronie
toxicity with repeated sublethal doses accompanied by
possible liver damage. In a conceniration of 1 part proe
actinomyein to 1,000~3,000 human leucoccytes, the blood
cells were killed in 30 minutes to one hour while an ine
travencus injection of 2,0 milligrams per kilogram body

weight was lethal to mice (Baron, 1950).
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The first antibiotic of any promise, encountered by
Wakeman, Woodruff and Horming (1941}, was produced by
. (Waksman and Curtis)

and was termed streptothricin. Subseguent research
(Metzger, 19%2; Robinson, 194h; Heilman, 1945; Smith, 1945)
indicated a residual toxic effect inherent in the compoungd
which was not lost by purification. Using streptotbricin
of 5 to 300 E. goli units per milligram, the intravenous
minimal lethal dose for mice has been established at 500,000
to 750,000 units per kilogram body waight. This may be acw
companied by intestinal gangrens, myocarditls, and leslons
of the kidney, liver or nervous system (Baron, 1250).

In September of 1943, a compound was isclated from

Stx e ses griseus (Krainsky) characterized by low toxe

icity to animals, It was rapidly excreted from body
tissues and owed 1tg toxic reactions primarily %o impurities
ineurred in the production process. Toxic effects were
initial, not residuval, as in the case of streptothricin.
This substance was named Streptomyein {(Schatz, Bugie and
Waksman, 194k), Further observations have revealed new
sources and types of streptomycin., The crude concentrates
of streptomycin will also yield streptomycin B in adélition
to streptomycin, Commercially, dihydrostreptonyecin, manno=
sidostreptomyein or streptomycin B and dihydromanncgldow

streptomyein have been developed by further laboratory



5

purification. T"he later commercial compounds have proved
less toxle than the original streptonmyein compounds,

SAnce 1943 some thirty %o forty new compounds have heen
reported from different specles of the Actinomycetales, exw
hihiting'varied antiblotic actlvities and eliciting diverse
fioxiec responses from the animgl hody., Among these pew ace
tinomycete antiblotlcs may be included actidione, acilw
norubin, avreomycin, borrelidine, chloromycetin, grisein,
lavendulin, iitmocidin, mycomycin, neomyelin, nocardin,
streptolin, sulfactin, terramycin and xanthomyein (Bhrlich,
19475 Bmadel, 1947; CGottlied, 19483 Irving and Herrick,
19493 Baron, 1950), Characteristic toxicity of each
mentioned above hasg proven so0 conclusive that 4t hag heen
suggested as a basis of classification by Wakeman (1950).

Two of the newer antiblotles, aureomyein and chloro-
mycetin, have exhibited extremely low toxicity accompanied
by nmoderate gastrointestinal irritation. The main toxie
response depends both on the idlosynerasy of patisnts under
treatment and the purlty of the drugs (Harvey, 19%49; Max-
well, 19493 Voodward, 1949).

The major interest in actinomycete research has
centered primarily on soil forms with 14%tle attention
devoted to the toxiclty of Actinomycetes existing either
in spore forms or as mycelial masses in water., The pro-

duction of tastes and odors in lakes, rivers and
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reservolrs has only racently focused attention on this

group of agquatic organisms (Egorva, 1942; Tasatchenke,

19443 Silvey, 1950). As far hack as 1936, however, Thaysen
had reported the lsolation of an edorifercus substance from

a strain of actinomyses growing on reeds in the Thames River
in England., Bxperimentally, in the laboratory, a character=
istic earthy odor was imparted to the flesh of fish ldentiecal
to the taint observed in animals recovered from the gtrcam,
No toxic effect on the fish was noted; no toxle reactions

from human consumption of tainted flesh were noted.



STATEMENT OF PROBLEM

Since Actinomycetes have been isgsolsted from finished
public drinking water, it 1s believed that the organisms
are unuffected by the chlorination and floecculation of
water treatment plants and pass as spores through the
filters into the general éistribution system. For this
reason it was deemed lmperative to siudy the toxic effects

of these organisms,



ISOLATICN AND CULTURE OF ACTINOMYCETES

The Actinomycetms used in this study were first plated
from raw, untreated wator samples obtained at Iakes Hefnsr
and Ovarholser, Cklahous City, COklahoma, in Fsbruary, 195l.
The samples were shaken, and, under sterile conditions, C.1
ml, of the water was pipetted into a sterile petrl dish
containing approximately 15 ml, of sterile, single-strength
matrient agar., After the plates vere revolved to encounrage
distribution of the water film, they were inverted and ine
cubated at room temperature for fourteen to twenty-one days,.
Two or, if necessary, throe successive transfers were nade
until bacterial and fungal contaminationsz were no longer
evident.,

On Septeamber 8, 1951, fifteen uncontaminated actinomy-
cete types were arranged in a gseries and consigned & number.
The location, from which the criginal sample had been obw
tained was recorded together with other awalilable data,
such as, the date of initlal isclation, colony color and
water deptb in meters at which the sample wses taken, The
colony types were then {ransferred to prepared mitrlent
agar slants for use as experimental stock cultures.

The following types were selegted from the stock
gulture collection to be used 1ln the toxicity study:

8



9
S8~isolated July 25, 1951, fron a Lake Hefner water
sample collueted at 16 meters; gray colony typa.

9-isolated July 25, 1951, from a lake Hefner waler
gample sollected at 14 netersi gray and white colony t¥pee

10-isolated July 2%, 1951, from a Lake Refner water
sample collected at 14 metersy gray type.

12-izolated August 12, 1951, from a lLake Qverholser
algae zample; white colony type.

13-1golated August 12, 1951, from a Lake Overholsey
algae sampley gray colony %ype.

I4-iaolated Augnust 12, 1951, from a lake Overholser
algae samplej white colony type.

In addition to these six types, a seventh Actinomycete,
designated gs Oklahoma City I1I, was chosen from a series of
three types isolated by Mr. John MeoReynolds, Filtration
Bacteriologist, from the £ilter of the Lake Hefner Pupifica~
tion Plant and sent %o North Texas iIn January, 1951,

If large growihs of mycelia were required, a trangfep
was made with an innoculsting needle from a stock culture
tube intoc a flzsk contalning 50 nml, of sterile nutrlent
broth, The flasks were incubated at room temperaturs for
one to three montha, Then, 5 ml. of the broth culture was
pipetted into one~-gallon Duraglass Coca-Cola jugs, contalne
ing two liters of sterile modified Czapek's media, The
media waz composed of the following ingredients:

600 gramg brown sugar

40O gramg NaNO
20 grams KE,P

20 grams KCL or NACL
10 grams MgSOy
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0,2 grams Pelily,
.ﬁ,alﬁramﬂ ana% o ‘ _ .
10 or 20 grams Tryptose, Peptone or Tryptose Broth
1.0 grams Tyrosine
20,000 ml, diatllled waler
20 grams Bacto Agar oy Matrient Agar dlssolved In
1,000 ml, ¢lstillod water.
A1l of the above ingredients except the agar were dissolved
in the ALstilled water, and the pl checked for s range Ngw
tween £ and 8, the recommended pll baling 7. Adjustments vere
made with spdinm hydroxide or phosphoric moids Two liters
of the =zolution were afded tc esmeh of ten contalners to-
gether with 100 mi, of the melted agar and auvtoelaved at 17
lbs. prescure for 20 mimites, After coclling, these Jngs vere
seeded as steted previously and incubated at approxiwately
30% to H0° C, Also the Jugs wers ghaken dally to encouvage
oxygen Sigirihution and to prevent Formation of the pellicle
only on the supface, OGrovth was allowed to aontinua for 30
to 60 days, depending on mycelial development.
st the end of the prowth poriod, only one of the ten
jugs, showing the hest mycellal development, wvag selegbed,
and 1ty contents were poured through a clean, unsterile
floup~aack nr surgleal cap which retuined the mycelisl pare
tleles and agar. After repeated waghings with tapwater to
eliminate the agar, the cap vas squecged and allowed €0
dry at room temparature for 20 to 30 minutes. Tha ecloth
was turned, and thﬁ mycelia sorapsd onto paper toweling

and dried for three to four more hours, The dried mycelia
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was cut inte spprovimately 2 sm. Tlakes, ané refrigerated in

a serev cap Jer for later use,



TOXICITY PRCCEDURES

. Aetinomycetes were recovered on nuirdent agar plates
from finished drinking water from the mains of Waco, Texas,
from & drinking Iouniaein at Galveston, Texas,'and from
finighed tapwater at the Lake Hefner Water Purification
Plant. Thus the organlisms must have been unaffected by the
purification process and passed, poobably in the spore form,
into the distribution system, Therefore, the toxicity
study was conducted with these organisms in the spore form
or as a mycelial growth rather than concentrating strictly
on the extracts of these plants as has been the approach in
elinical research,

Fourteen mice were given a single direet exposure to
Actinomycetes as a first study. 4 type lavlated from a lLake
Hofner algas sample was fed to a teotal of seven mice in two
cages. (This type was ncet ineluded in the numbered stoek
culture series and has been lost.) Mycella and spores were
seraped from a mutrient agar plate and added to the regular
mixture of cats, Pablum and powdered milk, Carrot slices
were dragged, individually, acrosy the plate until they were
coated with 2 powdery layer of gray spores. No other food
was glven the expsrlimental animals. Simultaneously, by the

a2
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same procedure, seven mice were fed Actinomycetes from Lske
Overholser (a composite of number 12, 13 and 14 in the
series), and fourteen control mice were fed regular untreated
rations. The weight of each animal was recorded daily bhefore
feeding. Animals were observed for any unusual reactions,

?allewing the single exposure to Actinomycetes, eight
mice were given a continued expesure of fourteen feedings,
The first seven feedings were Oklahoma City II1 Actinomycete
and the lasi seven were from a composite of rmumbers 12, 13
and 14, Actinomycete particles were mixed in the regular
ration, (Preparation of the Actinomycete flakes is found
in the section on Isolation and Culture.) Four mice in
Cage III received 0.5 grams of the particles with each feed~
ing, while six mice were selected as control animals.

The records of the daily weighings of the first two
studles have been arranged graphically in Figures 1 through
8.

A third study wes devised to determine whether a sterile
water suspension of actinomycetes would be toxic, 4f ine
Jected into the tlssue of a mouse, to determine the most
effective method of injection and to determine the effects
of variocus quantities injected.

Three vaccine vials were stoppered with rubber nipples
and evacuated by means of a 20 ml, syringe, The vials were
autoclaved at 17 1lbs. pressure for 45 minutes, and then
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allowed to copl hefore they were £11led, Three mutrietit
agar slants of ‘etinomycetes B, O and 10 were selectcd, Bee
tween 12 and 14 ml, of sterile, deeminized water ware
added to each slant with sterile ayrinpes. The tuhes were
shaken end the cotton stoppers digecarded. The water suse
pension was drayn inte sterile syringen and sdded to each
of the vials, The filled vials were atored at room tome
perature until injectiong were inftiated 2 days later,

Three capes, each conteining four mice, wvere dealige
nated I, II and ITI %o correspond in sequence with the
vials of Zetinomycete suspensions numbered 8, 9 and 10.
Three of the mice in Cage I were injected subcutaneously
in the region of the backy the thres in Cage II were ine
Jected intramuscularly in the region of the thigh on the
hind legs, slternating dorsal and ventral surfaces; and
the three in Cage III were injected peritoneally in the
lower half of the asbdomen,

The experimentsl animals within = cage wers differ~
entiated by means of three organic dyes, green, purple and
red. The fourth unmarked mouse in each cage remained as &
control animale. Fach ¢ay the green mouse received C.2 ml,
of the vieml suspenszion; the purple mouse received 0.6 ml,
and the red mouse received 1,0 ml. Dally, for a periocd of
five days, the mlce were weighed, injected and fed,

The injections wers gziven with 22 and 24 gauge needles
attached to 0.5 ml. and 1,0 ml, sterile syringes, one being
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rged for each movse. Vials, syringes and the work table were
exposed to ultraviolet Irrzdinticn feor 20 minutes hefore

each experimental series wos injected. Uach movse was treated
In the ragicon of intended incenlation hy sponging vwith 70 per
cent ethyl aleohel, followed by a % per cent solution of
lodine,

‘Fter the flinal injeetions had bean given, ¢.2 nl, of
the waley suspension wos remeoved by 2 sterile gyringe from
each vial, and added to twe Test tubesy each containing ¥
ml, of nutrient becth. after incubation at room temperature
for twenty-four hours, all six tubes showed zrowih of the
actinomycete with no cgontanination.

Heights of the anlnsls are recorded in Tadble 9, togethe
ar with the date of killing or death.

ALL of the red mice in the thixd study wore autopsied
in opder to observe poscible tinsue Jamage and to attempd
recovery of the actincmycete colonics from the animals,

The toghnique employed in theze sutopsies wss as folw
lowss Each mouse was chloroforzed and plmned, veniral side
ups with sterile ingsect pins fixed %o a sterile becard., They
ware exanined externally in the region of injection for any
visidble lesions or swellings. 4fter a sponging with 7¢ per
sent ¢thanol, an ineizion wag made through the dermal layew,
extending from the base of the head to the tail. After
examination of the internal surface of the skin and exe
ternal surface of the museles, another incision was made
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through the muscular layer. The examination was canduéted
elther from the dorsal or veniral surface, depending oﬂ the
site of injection,

During each examination parts wers removed and placed
in sterile petrl dishes., The entire tissue collection from
each monse was transferred to a sterile mortar, Steriia
banding sand was added, and the organs and tissue were pulw
ve?ized. Sterile deeminized water was added and mixed.
Oneehalf milliliter of this suspension was removed with a
pipette and added to a prepared nutrient agar plﬁte. Three
plates ﬁer mouseé were preparsd, One~half milliliter of the
tissueOwater suspension was also added to 5 ml. of nutriant
broth. Plates and broth tubes were incubated at room E
temperature for 72 hours. Tabulation of the observations of
platBS'ﬁﬁd tubes have been recorded in Tahle 3. Any agw )
tinomygete colonies recoversd by plating were transferred t§
" nutrient agai slants and added, unnumbered, to the genarﬁl '
stock culture eollection,

_' The green mouse in Cage II wasg found daad'fmur'days
after the final injection. This animal had received 0.2 ml,
daily by intramuscular injection from Vial 9, Autopay was |
performed immediately. Tissues removed at this time were
kept separate and from these, three nutrient agar plates
were lnnoculated as follows:

Plate I-Bloody streak on the underside of the dermis

extending about one-half inch down the dorsal
side of each hind leg.
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Plate II-Haematomas from the muscles of the cslf df
each hind leg and the inguinal lymphatics
from one gide,

Plate III-The vagina, inguinal lymphatics from the
other side and a bloody band covering the
firast six ribs and extending under hafh -
scapulae,

The plates were incubated at room temperatine fer:thfee
days. Observation of the plates 1s recorded in Table 3.
0 The purple mice in Cage II and Cage III also died.

¥o autopsies were performed on these animals, since death

had occurred several hours previocus to the discovery of the
bodles,

The previous study indicated intramuscular injeetlon
of Actinomycete 9 as the most promising from the fiewpoint
of toxicity. An attempt was made to confirm these find«
ings. Since the plants had been recovered by plating from
mouse tissue injected with from 0,2 ml. to 1.0 ml, of suse
pension per day, 0.5 ml., was selected as an average dosage
for all injections.

Two sterile vaccine vials were filled with deeminized
vater suspensions of actinomycetes by the lechnique oute-
1ined in the preceding study. One of the wvials (Vial 4)
was filled with a suspension of Actinomycete 9. The other
vial (Vial B) was filled from a transfer of Actinomycete 9,
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re-isolated from pulverlzed mouse tissue (Plate I1I) fﬁom
red mouse in Cage II), plated in the third study.

A cage containing four mice was selected for use with
each vial, Three mice in eéach cage were used experimentally
while the fourth remalned as a control, Weights were re-
corded each day, beginning Just before the first injection.
A total of eight injections were given initramuscularly.
Wwelghings continued through the twenty-second of the
month and are recorded in Table 4

As tissue was removed for plating, similar sections
were removed for histological study. Each tissue was'?
dipped in Bouin's Fluid Fixative, wrapped in gauze, taéged
with a number and replaced immediately in Bouin's Solution,
Those tissues removed for fixing were:

1 -« left inguinal lymph node

2 « lymphstice tissue from ieft leg

.3 ~ section of muscle from lelson on left hind leg.
After twenty~four hours the tissue was renoved from the
fixative and dehydrated with formalin and alcohol., BEach
tlssue mass was imbedded in parafiin, sectioned and fixed
on glides in serial sections. Staining was done wlth eosin,.

Actinomycete 9 has also been studied in tissue culture.
A water suspension was made from an agar slant. The em-
bryonic extract (EE3) was added to the water suspension.

One drop of the EEl was placed on a cover slip together
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with a section of elght~day chick heart. & clot was formed
by the addition and mixing of one drop of fowl plasma, The
cover slip was inverted over a hanging drop slide and sealed
with nelted paraffin, £lides were elther photomicrographed
with phase contrasi movies at the rete of 100 fest in 30
hours or stained with Glemsa's stain or May-~(Greenwsld stain

for microscopic observation.



RESULIS

A compariscn of Figures 1 through 8, consisting of
dally welghings of mice used in the first two studies,
showg that all animals had a saﬁe general pattern of
weight increase. The mice in control Cages V and VI show
average weight gains of 3.6 grams and 4,3 grams, The
fourteen mice recelving a single feeding of Actinomycetes
showed average welght increases asg follows: four mice in
Cage I, 3,75 grams; three mice in Cage II, 3.5 gramsj four
mlce in Cage VII, 5,0 gramsy and three mice in Cage VIII,
1.5 grams. The eight animals fed mycelia continuously for
fourteen feedings showed average gains of 6.5 grams for the
four mice in Cage I1I and 5.75 grams for the four mice in
Cage 1V,

Welght gains indicate that direct ingegstlon of these
particular Actinomycete types, rather than being toxic,
had been beneficial to the experimental animals. Largest
welght geins appear among the mice exposed for the greatest
lJength of time., No deaths occurred., No unususl reactions
were observed.

A single feeding of mycelia in no way interfered with
reproduction., A mouse 1n Cage II and a mouse in Cage VIIX
éach delivered normal offspring. Contlnued exposure may

have had some bearing on reproductive processes although
20
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the data collected were not extensive enough to be ¢onclue
sive. Over a month after the last of the fourteen feedings,
the animals in Cages JIII and IV had not produced young, ale
though animals from control Cages V and VI had done so.

After the first five continual feedings, the animals
refused the mycelial particles of Oklahoms City ITI Actie
nomycete, selecting only the oats and Pablum in the feed«
ing mixture, When the actinomycete type was changed, the
animals resumed consumpiion of the dried mycelium, The _
second typey a composite of numbers 12, 13 and 14, was not_;
refused even after seven feedings.

No attempt was made to recover actinomycete colonies
from the digestive tract. However, the color of the feces
was observed to change from the usual dark brown to a golden
color on extended feeding.

The day after conclusion of the fourteen feedings, miqe
in Cages III and IV showed a decided weight drop, This was
not cbnstrued as significant since all of the animals showed
this same drop.

In the second study, a total of 7.0 grams of mycelia
was fed to four mice in Cage III over a periocd of fourteen
feedings. The average amount per mouse totaled 1,75 grams.
or 04125 grams daily. Each animal in Cage IV received 0.25}
grams daily or a tetal of 3.5 grams., The total cage ration was
IK.O grams for fourteen feedings.

Figures 1-8 follow immediately on the next pages,
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In the third study, concerned with infjections of water
suspensions of actinomycetes (See Tahle 1), initisl and final
weights of both experimental and control animals uﬁre af8m
sentially the same., Weightings, therefore, offered no clues
to effects of the injections or to impending demise of the
animals,

All control animals survived the study. Of the nine
mice in the experimental group, only three remained allve.
Three were found dead, and three were killed for autopsy.

Since no experimental animals llved from Cage I1I, the
intramuscular injectlion was probably the most successiful
although the deaths may have been due %o a greater toxiclty
of actinomycete 9, Toxlc dosage could not be established
because all of ths animals dled, Length of time required
for death was undetermined since the animal receiving the
larger dose survived longer.

Toxic dosage for subcutanecus injection of Actinomycete
8 remains undetermined since all animals, not autopsied,
survived.

Table 1, concerning the weight of the mice injected
with water suspension of Actinomycetes, Table 2, giving ob=
servations on autopsies of mice, and Table 3 showing plates
and nutrient broth tubes from autopsies of mice, follow each

other in consecutive ordsr,
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Intraperitoneal injections of Type 10 appear to be
toxie in amounts hetween 0.2 ml. and 0.6 ml. daily for an
undetermined period of time.

The viability and sterility of the three suspensions
was demonstirated by the six nutrient hroth tubes inncculsted
after the final injections were given., The ability of the
actinomyceta to survive for at leasst six days within mouse
tissue was shown hy the plates from the autopsy of the green
mouse 1in Cage IX., The number of colonies recovered was fewer
than those obtailned in auvtopsies four and filve days after the
final injections,

From observations during the autopsy (See Table 2), 1t
would appear that any leslons present oceurred in the region
of Injeation, Poesalbly, this was due to introduced bacter-
ial contaminations or to trauma produced by the guantities
injected., Involvment of the inguinal lymphatics in cases of
intramuscular injectlion may indicate a reaction to the ac-
tinomycete, No major organic disturbances were discernible
within the abdominel cavity.

One of the three surviving animals, the green mouse from
Cage III, produced a litter of seven young a month after the
injections were discontimued. All grew to maturity normally.

Tables 4, 5, and 6 follow consecutively.
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TABLE §

OBSERVATIONS OF NUTRIENT AGAR PLATES PREPARED
FROM MOUSE TISSUE INJECTED IN THE

FOURTH STUDXY
Source | &-Pl;tes | B-Plates
Right inguinai lymph node ngggria Sterdle
Lymphgzéc tissue from right Bagteria Sterile
Muscle section from lesion | Broken Bacteria
on left hind leg

An attempt to repeat the trends indicated in the above
astudy proved unsuccessful, Tissue was removed during auvtopsy,
macerated and plated on nmutrient agar, gb actinomycete
colonies were recovered, Sections removed and stained for
histological examination revealed nothing. All mice, except
the one killed for autopsy, survived,

| Ohservations on autopsy of the red mouse from Cage I
again indicated a possible lymphatic involvment (See Table
6). However, no actinomycetes were recovered from plates
of the gland.

Use of the actinomycete type 1solated from maeerated
mouse tissue in atudy three produced no mors toxlc effeat

than the original Type 9.
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TABLE 6

OBSERVATIONS ON AUTOPSY OF MOUSE IN FOURTH STUDY

Dorsal

Removals Tor

Ventral jInternal Removalsz for
Aspeoat Aspect Plating Histological
Study
8lightly} Goed Lesions l.Inguinal leInguinal
enlagged! general i through iymph node lymph node
inguinall appear- ! fur and from right from left
ance. skin,on hind leg. hind leg.
thighy
Yarly clean 2. Lyaphatic 2.Lymphatic
preg- holes tissue tissue
naney. | aot in- from right from left
flamed. hind leg. hind leg.
Possible (3.Section of | 3.Section of
lymphatic} muscle from mugele from
enlarge=- leison on lesion on
ment ex- right hind left hind
tending leg. leg,
from ven-
tral side
of hind
legs.,

Altogether a total of & ml. of water suspension was ine

troduced into the tissuve of each animal over a period of

eight days, no toxic responses of any type were observed,

In tissue culture Actinomycete 9 exhibited definite

proteclytic properties,

On the slides pecliferating cells

of the chick heart appeared tc have been destroyed by some

enzyme or metabolic waste-product: produced by the plant.

Pnase contrast movies showed that initial growth of the

cells gradually lessened as a larger mycellal mass de=~

veloped,



DISCUSSION

Actinomycetes selected for this study were isclated
from raw and finished water and consigned s laboratory series
mumber, The actual identification of the germus and specles
of the types has not been undertakten, General microscopic
ohservation of thege organisms indicates that mixtures of
more than one gems probably occurred together in a culture
and were assigned a single number, Untll actual identifie~
cation ¢of each organlsm has heen completed, attempts to
duplicate any part of this study will be impossible since
component types are frequently lost in a series of suge
gessive tranafers, |

The fact that thease organisms can withstand the treat
menis employed in the filtration process for the preparaw
tion of drinking water indicates a high degree of resiste
ance to present purification methods and calls attention
to the fact that the survival of these plants may con-
tribute tc public health problems., However, the present
studles have not indicated a great degree of toxicity for
the organisms observed. Toxle reacliions were noted only
when spores or mycelia were brought into direct contact
with living cells, elther by injection into the tissue of

experimental animals or by exposure to growing cells in
38
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tigsue culture. Ingestion of the plant maszses produced ne
toxie responses.

Thils lack of toxic response may be noted in the flrst
two experiments, A single ingestlon produced no discern-
ible effect while continued feedings produced marked in-
craases ln the average weight gain of each animal and |
reduced fertility, The increase might have been due to the
actual nutritional content of the dried myﬁelial flakes or
to the effeets of the plant on the bacterial flora of the
digestive tract of the animal, The only explanation of the
reduced fertility, other than that of toxle response, is
that the mating selection of the experimental animals waé
poor,

The many variable factors, mode of inJection, amount
of dogsage and type of actiinomycetle, involved in the third.'
gtudy make impossible the selection of a single fatal
factor, Since a3l of the control animals survived, one,
if not all, of these experimental factors must have cone
tributed directly to the deaths of the mice. Viablility and
aterility of the water suspensions were adegquately deﬁon»
strated. Contaminations, sufficient to be fatal, wﬂra.ﬁot
introduced with the innoculum or demonstrated on plates
after autopsy. ZEnlargements of the lymphatic system alone
appeared consistently throughout the findings of the autopsies
and probably were responses either to the amount of fluid
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injected ¢r to the actinomycete itself, Furthef studles
are indicated to conclude which of these cmntribuéing
factors actually caused the deaths of the experimental
animals,

Study four, an attempt to repsat the previous ex~
periment, falled to ellelt any response, Nelther the agar
plates nor the sgections taken for hlstological study re~
vealed any actinomycete colonies, The transfers may have
dled after innoculstion into sterile water, or the toxic
component of the actinomycete type may have been lost in
the geries of transfers made on nutrient agar slants be-
tween the time of the third and fourth studies. The water
gsuspension 4itself was not tested for viability or sferility.
However, the lack of contaminations on the nutrient agar
plates of macerated mouse tissue indicated that the tech-
nlques employed in autorsy and injection had introduced no
contaninations,

Slides and movies of éctinomycetas grown in tissue
culture revealed only the extreme toxic responses., However,
in the general aspects of music health, 1solated, individual
living cells would probably never come in contact with these
plants,

This preliminary study has indicated that these eight
actinomycete types produced no toxic response when ingested
directly but may damage individual cellg if introduced into

a lesion,



SUMMARY ARD CORCLUSIONS

1. The isolation of actinonmycetes from finished publie
drinking water suggested the possibliity that these may exe
hibit pathogenicity usually attributed to other organisms,
Tharefore eight actinomycete types were isolated from ILakes
Hafner and Overholser, munlcipal reserveirs of Cklahema
City, Oklahoma,

2+ The astinomycetes were cultured in modified
Cgapek's mediun for direct feeding of large quantities of
mycelia to mlce, Water suspenslons of spores were taken
Tfrom matrient agar slants of the actinomycetes for injeetion
into experimental animals. No extracts from the plant were
employed in this study.

3. BEight mice were given flakes of mycelia in fourteen
continmous feedings. All of the animals ghowed marked in-
creases in weight with a probadble reduction of feriility,
although the data are insufficlent to be conclusive.

%, Sub-cutaneous, intramuscular and intraperitoneal
injections of actinomycete~water suspensicens, given to nine
mice, produced lesions in the region of injsction, probable
involvment of the lymphatic sysatem and death in three in=-
stances.

41
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5. Aetinonycete zolonlies were recovered by plating from
the macersted tissue of four miee. The greatest number of
colonies was recovered from a mouze injected intramugeularly
with Actinomycote 9,

6. 4 szecond attemnt at Intramuscular injection of Actiw
nouycets 9 falled to produce death in any of six mice, No
colonies were recovered by nlating maacersted tlssuve, and
none wers observed in tissues removed for histological
study. Colonies, recovered from mascerated tissue in the pre~
ceding experiment and re-inlected into mice, exhibited no une
usual effects. This second study of Actinomycete 9
indicated & complete non-toxicity largaly because this type
consisted of a mixture and in re~izolstion all sirains were
nrobabdbly not recovered,

7o Tiséﬁa culiure of Actinomycete 9 revealed the
presence of proteoclytic enzymes or by~products of the plant
which c¢aused degtructlon of the proliferating cells of oxw

planted chick heart,
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