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IHTKODUGTIOH AID HXSTOBY 

file toxic effect® of certain members of the Order 

Ac ti nomycatales have long been recognized both fro© the 

pathogenic effects of th© plants themselves on the ex-

perimental animal and from toxic reactions produced his* 

tologically and physiologically by extracts from th# 

plants* 

The 'first reported isolation of an Aetinoraycete was 

a&de by R« Foerster from the concretions of the lacrymal 

dnet and was designated as jgmMtPX 

Ferdinand Cohn (1875). Har« (1877) was the first to urn 

the term Actinomyces, applying it to an infective organism ; 

frost cattle which was discovered by Bollinger (1877). 

Hoearila as a type genus of the Actinomycetes was 

first described in 1889# However, it v&s not until 1905 

that Wright distinguished between nocardiosis and actinomy-

cosis# This was the initial recognition of a pathogenic 

difference in genera of the Actinomycetales. Since that 

tiae extensive work has been done in describing the pathology 

of these infections together with effective treatments by 

n m M of penicillin, sulfonamides thymol, and the Streato-

mm®& series of antibiotics (Colebrock, 1921 $ Cope, 1938 j 
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I»yons, Onens and Ayers, 19̂ 31 Dobson and Cutling, 19^1 and 

19^5). 

Interest in the toxic effects of extracts and by-products 

arose parallel to the development of antibiotics from the 

Actinoaycetales. Gratia and Bath (192*f) mmi the first to 

recognize the antibacterial activity of a metabolic product 

of a cc-rtaln strain of AetinoBiyeeteE (Fri«iden, 19^5) • ®tis 

product had been designated as aetlnonyeetin* but work on 

its toxicity was not continued* 1Mb antibacterial substance 

was probably similar if not identical to other antibiotics 

developed later* 

In 1939, Waksmaa and M s co-workers began an extensive 

program on the isolation of actino-types to serve as poten-

tial antibiotic producers. By 19^2, a total of 2Mf types 

had been isolated from a wide variety of natural habitats* 

Of the total examined, only sine vera obtained from lake 

Hadf th® others were isolated froa various soil types, 

compost and manure* Only one of the nine aquatic or** 

ganisms, namely MoromonoaBora an.. Strain 1, revealed 

any antagonistic properties (Waksman, Horning, Wilson, and 

Woodruff, 19^2}• Actinomycin (Waksman and Woodruff, 19H0 

and 19^1) was the first antibiotic substance isolated for 

study froa the survey begun in 1939• this compound fro® 

ftflMMfJifiM (Waksman and Woodruff) proved 

to be one of the most toxic substances isolated from any 



# Regardless of whether the injection was na.de 

into the blood, arascle or peritoneal cavity, 10 micrograms 

©f the substance per 20 grams of body weight were sufficient 

to kill a mouse, while 0.5 to 1,0 micrograms killed fowls, 

A lyaozyuie from Actinonycls reported in this &mm year by 

the Russians (Krlss, 1 9 W showed littl© antibacterial proiaise, 

Welsch (19W at the University of U.eg© isolated 

Afctinomycetin fro® StreptoiEyces alfeus (Hoi?si Boria emend*. 

Kralnsky), . So information is available concerning its. toxic 

qualities« 

... Hicromonospora Strain 1# as stated above, was 

studied as a potential antibiotic producing strain of Aetl* 

nomycetes. Mlcrotsonosporin was recovered from cultures of 

this organism but its antibacterial spectrum was limited so 

study was discontinued. 

Professor Gardner of Oxford in 19^2 describe# a sub-

stance, isolated from Bqcarflia (Proactlnomvoea) »«rdi»rl 

(Wakmnan){ to which he consigned the oasts proactinomycin. 

Sequential studies have revealed also A, B and C types of 

proactinomycin. All varieties have exhibited chronic . 

toxicity with repeated sublethal doses accompanied by 

possible liver damage. In a concentration of 1 part pro* , 

actiaoaycia to 1,000-3,000 human leucocytes, the blood 

cells were killed in 30 minutes to one hour while an in-

travenous injection of 2.0 milligrams per kilogram body 

weight was lethal to alee (Baron, 1950). 



The first antibiotic of any proolse, encountered fey 

Waksisaiij Woodruff and Horsing (195*!) 9 was produced by 

Stgaptoasrefta. CisMsMSSJl) AaMffifttiftflft (Waksww and Curtis) • 

and was termed streptothricin* Subsequent research . 

(Metzger, 19^2 f Robinson, 19Mfj Hellatan, 19**5? Smith,-19^5) 

Indicated a residual toxic effect inherent in the compound 

which was not lost by purification* Using streptothriaia 

of 5 to 300 H*- aolf units per milligram, the intravenous 

minimal•lethal dose for mice has been established at 500,000 

to 750,000 units per kilogram body weight. This may be ac-

companied by intestinal gangrene, myocarditis, and lesions 

of the kidney* liver or nervous system (Baron, 1950)• 

Xn September of 19**3, a compound was isolated frost 

styetttoiftyjea ggisetia (Krainsky) characterized by low tox«* 

ieity to animals* It was rapidly excreted fro® body 

tissues and owed its toxic reaction® primarily to imparities 

incurred in the production process# Toxic effects were 

initial, not residual, as in the case of streptothricin. 

This substance was named Streptoaycln (Sehatg, Bugle and. 

Waksman, 19¥f)> Further observations have revealed new 

sources and types of streptomycin# The crude concentrates 

of streptomycin will also yield streptomycin B Is addition 

to streptomycin# Commercially, dlhydrostreptoayeln, maim©-

sidostreptoisyGin or streptomycin B and dihydromaimosido-

streptomycin have been developed by further laboratory 



purification, Tm l a t e r mmmmi&X compounds h a v e p r o v e d 

l e s s toxic t h a n t l i« original streptomycin eoa jHsmds# 

Since 19^3 son© thirty to forty new compounds have been 

reported f rom different species of t h e Ac tinojayee tales, e x -

hibiting varied antibiotic activities and eliciting divers# 

tioxic responses from the animal body . Among t h e s e new ae~ 

tinomycete antibiotics may lie Included act idiom, a e t i -

norubin, aureooyein, borrelidine, Chloromycetin, grisein, 

l a v e a d u l i n , litmocidin, raycomyein, neonyoin, nocardln, 

streptolin, sulfactin, terramycin and xanthomycin (Ehrlich, 

19^71 Bfflad©!, 19^71 Gottlieb, 1<M\ Irving and Herrick, 

19H-9| Baron, 1950). Characteristic toxicity ©f each 

raentioned above h a s proven so conclusive that it hag. baen 

suggested as a basis of classification by Waksman ( 1 9 5 0 ) . 

Two of t h # n e w e r antibiotics, aureoiaycin a n d Chloro-

mycetin, have exhibited extroaely low toxicity accompanied 

by Moderates gastrointestinal irritation* The s a i n t o x i c 

response depends both on the idiosyncrasy of patients under 

treatment and the purity of the drugs (Harvey, 19**9f Max-

veil, 19^9} Woodward, 19^9)* 

The aa^or i n t e r e s t in actinoaycete research h a s 

centered primarily on soil for tas with little attention 

devoted to the toxicity of Actinoraycatea e x i s t i n g either 

in s p o r e f o r m s or as mycelial masses in w a t e r # The pro-

duction of tastes and odors in l a k e s , r i v e r s and 



reservoirs has only recently focused attention on this 

group of aquatic organism (Egorva, 19*f2j lasatchenko, 

19Mff Bilwmff 1950)* As far back as 1936, however, Thaysen 

had reported the isolation of an odoriferous substance from 

a strain of aetinoayces growing on reed* in the Thaiaes Biver 

in England. Experiment a lly, in the laboratory, a character-

istic earthy odor was imparted to the flesh of fish identical 

to the taint observed in animals re-covered from the stream* 

Ho toxic effect on the fish was noted) no toxic reactions 

from human consumption of tainted flesh mm noted. 



STATEMENT OF PROBI£M 

Since Actinooycetes have been isolated from finished 

public drinking water, it is believed that the organism* 

art unaffected by the chlorin&tion m d fherniation of 

water treatment plants and pass as apores through the 

filters into the general distribution system* For this 

reason it was deemed Imperative to stady the toxic effects 

of these organises* 



ISOLATION AND C U L M S OP MTIMMCETEB 

fh# Actlnontyaetas la this study mm first pitted 

from raw s untreated Matey saag&es obtained at Mkm Hefner 

and {hrerkolse?! Oklahoma, city, Oklahoma, la February* 1951* 

The $mpl@B were studMMf audi under sterile conditions, 0»X 

ad* of the mte? was pipetted Into a. sterile petri <31 ah 

containing approximately 15 *1# of sterile t single-strength 

natrient agar* After the plates were revolved to encourage 

distribution of the water film, they were Inverted and in-

cubated at roc® teaper&ttir# for fourteen to twenty~one days* 

Two or, if necessary* three smeeesalv® transfers were made 

until bacterial and fungal contaminations ware no longer 

evident# 

On September 8, X951> fifteen uneontaninftted aetiaomy* 

eete types were arranged In a series and consigned a mm%m* 

The location, frosi which the original sample had been ob* 

taiaed was recorded together with other available data, 

such as., tha date of Initial Isolation, oelony color wad 

water depth in asters at which the sample was taken# The 

oolony types were then transferred to prepared nutrient 

agar slants for use as exjwiwsmt&l stock cultures • 

the following types were selected fro® the stock 

culture collection to be used in the toxicity studyt 

i 



8~isolated July 25, 1951, from a Lake Hefner water 
sample oolleeted at 1$ Metersj gray colony type. 

9-isolated July 25, 1951, f*°« a Lake Bsfner vat** 
sample collected at lb awtersj gray and white colony type* 

10-isolated .July 25, 1951, from a lake Hefner water 
staple collected at Ik me tars; gray type. 

12-isolated August 12, 1951, from a Lake 0verhol3er 
alga© samplej white colony type. 

13~isolated August 12, 1951, fro® a Lake Overholte* 
algae sample) gray colony type# 

l*f-i sola ted August 12, 1951, from a Lake Overholser 
algae sample} white colony type. 

In addition to these six types, a seventh Actinomyces, 

designated as Oklahoma City II, was chosen from a series of 

three types Isolated by Mr. John MeReynolds, Filtration 

Bacteriologist, from the filter of the Lake Hefner Purifica» 

tion Plant and sent to Xorth Texas in January, 1951* 

If large growths of myelin were required, a transfer 

was made with an innoculating needle from a stock culture 

tube into a flask containing 50 ml. of sterile nutrient 

broth. The flasks were incubated at room temperature for 

one to three months. Then, 5 al« of the broth culture was 

pipetted into one-gallon Duraglaas Coca-Cola jugs, contain* 

ing two liters of sterile modified Czapek's media. The 

media was composed of the following ingredientst 

600 grants browa sugar 
HO grams SaSCh 
20 grams WS9P% 
20 grams KCL or MAC1 
10 gram# % S % 
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0,2 grass FeSOjj, 
0,2 gtWC ZnSOL 
10 or 20 grams Tryptoae, Peptone or Iryptose Broth 
1.0 grows Tyrosine 

20.00) ml* distilled water . , , _ 
20 gra»« Baoto Agar or ftntrlent Agar dissolved in 

1,000 ibI* distilled water• 

All of the above Ingredients except the agar were dissolved 

in the aistilled vmtor, and the pE checked for a pang# he* 

twees 6 and S, the recoiamended pH being 7• Adjustments were 

made with sodium hydrcid.de or phosphoric aeld« Two liters 

of the solution were added to each of ten containers to* 

gether with 100 *1. of the melted agar and autoclaved at 1? 

lbs, pressure for 20 minutes, Aft or cooling, these Jugs mm 

seeded as stated previously and incubated at approximately 

30° to M)° C# Also the jugs were shaken daily to encourage 

oxygen distribution and to prevent formation of the pellicle 

only on the surface# Growth was allowed to oontinue for 30 

to 60 days, depending on mycelial development* 

At the end of the growth period$ only one of the ten 

jugs, showing the best mycelial development, was sele®tedf 

and its contents were poured through a clean, unsterile 

flour-sack or surgical cap which retained the mycelial put* 

tides and agar* After repeated washings with tapwater to 

eliminate the a^ar, the cap was squeezed and allowed to 

dry at roora temperature for 20 to 30 minutes* The cloth 

was turned, and the aycelia serftpeA ©ate paper toweling 

and dried for three to four sore hews* The dried my sella 
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w s cut into approximately 2 «m» flakes4 and refrigerated in 

* *<3rev cap Jar fcr later use* 



TOXICITY PROCEDURES 

. Actinomycetes mm recovered on nutrient agm plates 

from finished drinking water fro® th© saint of Macot Texas# 

froa a driving fountain at Galveston, Texas 9 and from 

finished tapwater at the Lake Hefner Water Purification 

Plant. Tims the organisms oust have been unaffected. by the 

purification process and passed, probably in the spore for»t 

into the distribution systesu Therefore, the toxicity 

stu^y 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 

clinical research* 

Fourteen mice were given a single direct - exposure to 

Actinoiaycetes as a first study. A typt Isolated from a Lak# 

Hefner alga® sample was fed to a total of seven mice in two 

cages* (This type was not included in the numbered stoak 

oultur# series and has been lost*) Mycelia and spores mm 

scraped from a nutrient agar plate and added to the regular 

sdxture of oats, Pablum and powdered mt2M„ Carrot sliced 

were dragged, individually, across the plate until they wer* 

coated with a powdery layer of gray spores* So other food 

was given the experimental animals* Simultaneouslyy by the 

12 
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mm procedure, seven mice were fed Aetlnonycetes from Juake 

©verholser (a composite of number 12, 13 and 1** la the 

sell©#}, and fourteen control sice were fed regular untreated 

rations* The weight of each animal was recorded dally before 

feeding. Animals were observed for any unusual reactions* 

Following the single exposure t© Actinomycetes, eight 

mice were given a continued exposure of fourteen feeding#. 

The first seven feedings were Oklahoma. Glty II Aetinoiaycete 

and the last seven were from a composite of numbers 12, 13 

anil l*f» Actinomyeete particles were mixed la the regular 

ration# (Preparation of tbe Actinomycete flake® Is found 

la the section on Isolation and Culture•) Four adce 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 dally weighings of the first two 

studies have been arranged graphically In Figures 1 through 

8. 
A third study was devised to determine Aether a sterile 

water suspension of actinomycetes would he toxic, if in-

jected Into the tissue of a mouse, to determine the most 

effective method of Injection and to determine the effects 

of various 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 lbs# pressure for *+5 minutes, and then 
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allmm4 to cool before they were filled, Three nutrie&t 

agar slants of Aetlnoayeetee '8, 9 arsfl 10 mre selected. Be* 

tw«n It and l*f ml* of sterile, deealrtUed water were 

added to eaeh slant with sterile syringes* The tubes were 

shaken 2nd the cotton stoppers discarded* The wt@r sus-

pension was drawn Into sterile syringes end added to eaeh 

of the if!tit# the filled vials were stored at room tem-> 

perature until injections were initiated <*+ day* later* 

Three cages, eaeh containing four nice, were design 

fiated I, II and III to correspond in sequence with the 

vials of Aetlnoatyeete awe pensions numbered. 8y 9 a»# .10# 

three of the mice In Cage I were injected subcutaneous ly 

in the region of the backj the three Is Cage II were in* 

jeoted lntraxauecularly in the region of the thigh on the 

hind legs, alternating dorsal and ventral turfaces§ and 

the three in Cage III vert injeetod perltoaeally In the 

lower half of the abdoaen* 

The experimental aalaals within a cage were differ-

entiated Tsy mean# of three organic dyes, green, purple and 

red. The fourth ussarkad aouse In each cage regained as a 

control animal# F.ach day the green mouse received 0.2 si. 

of the vial suspension; the purple mm® received 0*6 »!* 

and the rei raouse received 1#0 ttl* Bally, for a period of 

five days| the alee were weighed, injected and fed* 

The inactions were given with 22 and 3& gattge needle* 

attached to 0.5 ml* and 1*0 ml* sterile syringes, one being 
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us«d for each mouse. Vials, syringe • and the work table were 

exposed to ultraviolet Irradiation for 20 adnutos before 

each ©x|»?i!W3atal series wes Injected. ZQneh mous® was tfMtttft 

In the region of Intended Inoculation by sponging with 70 pe* 

cent ethyl alcohol, followed by a 5 per cent solution of 

Iodize* 

'ifter tfc* final injections had been given, 0.2 isl# of 

the water suspension was removed by a sterile syringe from 

each vial, and added to two test tubes, each containing 5 
\ 

ml* of nutrient broth• After incubation at room 

for twenty-four hours, all six tubes showed growth of the 

actlnoaiyeete vlth no contamination. 

eights of ths aniroala Sim recorded in fabl© $f togtthw 

ar with tha date of killing or death* 

All of tiie red alee in the third study vera autopsies 

in order to observe possible tissue daaage and to attempt 

recovery of ths actinoaycet* colonies froii the «alaftl*« 

She technique employed in these autopsies was &§ fol* 

lowsi Each souse was chloroformed and pinned, ventral aid® 

up, with sterile insect pins fixed to a sterile board* ft»y 

were exaoined externally in the region of injection for m y 

visible lesions or swellings* After a sponging with 70 per 

cent othanol, an lnelslon was aade through the derzaal layer, 

extending fro* the base of the head to the tail* After 

examination of th* internal surface of the skin and ex* 

tevnal surface of the ©uscles, another incision was Hie 
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through the muscular layer# The examination was conducted • 

either frota the dorsal or ventral surface, depending on the 

sit® of injection. 

During each examination parts were removed and placed ; 

in sterile petri dishes« The entire tissue collection fro« 

each mouse was transferred to a sterile mortar. Sterile 

banding sand was added, and the organs and tissue were pul-

verized# Sterile deeminized water was added and mixed. 

One-half milliliter of this suspension was removed with a 

pipette and added to a prepared nutrient agar plate. Three 

plates per mouse were prepared« One-half milliliter of the 

tissuefiwater suspension was also added to % ral. of nutrient • 

broth* Plates and broth tubes were incubated .at room 

temperature for 72 hours* tabulation of the observations of 

plates and tubes have been recorded in fable ,':1. Any a*« , 

tinoraycete colonies recovered by plating were transferred to 

nutrient agar slants and added, unnumbered, to the general 

stock" culture collection* 

the green mouse in Cage II was found dead four days 

after the final injection. This animal had received 0.2 Ml. 

daily by Intramuscular injection fro® ?ial 9« Autopsy was 

performed lamed lately. Tissues reaioved at this time were 

kept separate and from these, three nutrient agar plates 

were lnnoculated as followsI 

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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Plat® II-Haematoaas from the muscles of the calf of 

each hind leg and the inguinal lymphatics 

fro® ©a® slid# 

Plat# III-The vagina, inguinal lymphatics from th®'" 

other side ana a bloody band covering the 

first six ribs and extending under both : 

scapulae * . 

The plates were incubated at room temperature for three 

days. Observation of the plates is recorded in Table 3» 

,|; The purple mice in Cage II and Cage III also died* 

I© autopsies were performed on these animals, since death 

had occurred several hours previous to the discovery of the 

bodies. 

The previous study indicated intramuscular infection , 

of Actinomyeete 9 as th® most promising from the viewpoint 

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 ail. to 1*0 ml* of sus-

pension pel* day, 0,5 al* was selected as an average dosage 

for all infections. 

Two sterile vaccine vials were filled with deeudnized 

water suspensions ©f actinoaycetes by th® technique out-

lined in the preceding study* O m of the vials (Vial A) 

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 pulverised souse tissue (Plate III) from 

red sous© la Gag© II), plated in the third study# 

A cage containing four alee was selected for us# with 

each vial# Three mice ia each cage were used experimentally 

•while the fourth remained as a control* Weights were Re-

corded each day, beginning just before the first injection* 

A total of eight injections were given Intramuscularly* 

Weighings continued through the twenty-second of the 

month and are recorded in fable k 

As tissue was removed for plating, similar sections 

were removed for histological study* Bach tissue was 

dipped In Bouin*s Fluid Fixative, wrapped in gauze, tagged 

with a number and replaced immediately in Bouin's Solution* 

Those tissues removed for fixing were* 

1 - left Inguinal lymph node _• 

2 *• lymphatic tissue fro® left leg • 

, 3 - section of muscle from leison on left hind leg* • 

After twenty^four-hours the tissue was, removed from the 

fixative and dehydrated with formalin and alcohol* Each 

tissue mass was imbedded in paraffin, sectioned and fixed 

on slides in serial sections* Staining was done with eosln* 

Actinomycete 9 has also been studied In tissue culture* 

A water suspension was made'fro® an agar slant* The eat-

bryonic extract <S1|) was added to the water suspension. • 

One drop of .the 11^ was placed on a cover slip together 
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vlth a section of eight-day chick heart# 4 clot m,B formed 

by the addition and mixing of one drop of fowl plasma* The 

cover slip was inverted over a hanging drop slid# and sealed 

with melted paraffin. Slides were either photomicrographed 

with phase contrast movies at the rate of 100 feet in 30 

hours ©r stained with Glemsa*s stain or M&y-Greenwsld staifi 

for microscopic observation. 



RESULTS 

A comparison of Figures 1 through 8, consisting of 

daily weighings of mice used in the first two studies, 

shows that all animals had a same general pattern ©f 

weight increase. The mice In control Cages V and ¥1 shew 

average weight gains• of 3.6 grams and V.3 grama* The 

fourteen miee receiving a, single feeding of Actinoiayeetes 

shewed average weight increases as follows it four mice in 

Cage X, 3*75 grassf three mice in Cage II, 3,5 gramsf four 

ado© In Cage ¥11, 5*0 grams j and thre® ®ie® in Cage ¥111, 

1*5 grams* The eight amimals fed raycelia continuously for 

fourteen feedings showed average gains of 6# 5 grams for the 

four Rdce in Cage III and 5*75 grams for the four mice In 

Cage IV# 

Weight gains indicate that direct ingestion of these 

particular Aetinoiaycete types, rather than, being toxicf 

had been beneficial to the experimental animals# largest 

weight gains appear among the mice exposed for the greatest 

length of tioe. No deaths occurred. No unusual reactions 

were observed# 

A single feeding of mycelia in no way interfered with 

reproduction# A mouse in Cage II and a mouse in Cage VIII 

each delivered normal offspring# Continued exposure may 

have had some bearing on reproductive processes although 

20 
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the data collected were not extensive enough to be conclu-

sive# 0 w a month after the last of the fourteen feedings , 

the animals la Cages III and I? had net produced young, al-

though animals from control Cages ? and ¥3; had done so, 

After th® first five continual feedings, the &nimn\?t 

refused the mycelial particles of Oklahoma City II Acti-

nomycete, selecting only th® ©ats and Pablum in the feet* 

ing mixture* When the actinomycete type was changed, the 

animals resumed consumption ©f the dried ayoeliuou The 

second type| a composite of numbers 12, 13 and I1*, was net / 

refused even after seven feedings* 

1® attempt was made to recover actinotaycete colonies 

from the digestive tract# However, the color of the feces 

was observed t© change fro® the usual dark brown to a golden 

color ©m extended feeding# 

the day after conclusion of the fourteen feedings, mice 

in Cages III and I? showed a decided weight drop* This was 

net construed as significant since all ©f the animals shared 

this saise drop* . 

In the second study, a total of 7*0 grams ©f mycelia 

was fed to four mice in Cage III over a period of fourteen 

feedings* The average amount per mouse totaled 1»75 grains 

©r. 0#125 grams daily. Each animal in Cage IV received 0,25 

grams daily or a total of 3»5 grams# The total cage ration was 

1*kG grass for fourteen feedings, 

figures 1-8 follow: immediately on the next pages* 
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In the third study, concerned with infections of water 

suspensions ©f actinoraycetes (See Table 1), Initial and final 

wights of both experimental and control animals were es-

sentially the same. Weightings, therefore-t offered no clues 

to effects of the injections or to impending demise of the 

animals• 

411 control animals survived the study. Of the nine 

ads® in the experimental group, only three regained alive. 

Three were found dead, and three were killed for autopsy# 

Since no experimental anliaals lived froa Cage 11, the 

intramuscular injection was probably the most successful 

although the deaths may have been due to a greater toxicity 

of Aotinoaycete 9* tondLc dosage could net be established 

because all of the animals died* Length of time required 

for death was undetermined since the anltaal receiving the 

larger dose survived longer. 

Toxic dosage for subcutaneous injection of Actinomyces© 

8 remains undetermined since all animals, sot autopsled, 

survived# 

Table 1, concerning the weight of the mice injected 

with water suspension of Actinomyoetes, fable 2, giving ob-

servations ©» autopsies of alee, and. fable 3 showing plates 

and nutrient broth tubes from autopsies of mice, follow each 

other in consecutive order# 
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Intraperitoneal infections of Type 10 appear t© be 

toxic in amounts between 0*2 ml. and 0,6 wl. daily for an 

TOdeternlned period of ti»» 

The viability and sterility of the three suspensions 

was deaondtrated by the six nutrient broth tubes innoculated 

after the final Ingestions were given, Iba ability of the 

actinomyeete to survive for at least six days within mouse 

tissue was shown by the plates from the autopsy of the green 

mouse in Cage II# The number of colonies recovered was fewer 

than those obtained in autopsies four a M five days after the 

final injections* 

Proa observations during the autopsy (See Table 2), it 

would appear that any lesions present occurred in the region 

of injection. Possibly, this was due to introduced bacter-

ial contaminations or to trauma produced by the Quantities 

injected# Involvaent of the inguinal lymphatics in oases ©f 

intramuscular injection may indicate a reaction to the ac~ 

tinomyeete. lo major organic disturbancea were discernible 

within the abdominal cavity# 

One of the three surviving animals, the green mouse fro© 

Cage III, produced a litter of seven young a month after the 

injections were discontinued# 111 grew to maturity normally, 

fables b9 5> and 6 follow consecutively# 
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TABLE 5 

OBSERVATIONS OP mmmm AGAB PLATES PBIPASEB 
FROM X0O8K TISSUE INJECTED II THE 

FOURTH STUDY 

Source A-Plates B-Flate® 

Bight Inguinal lymph node Bacteria Sterile Bight Inguinal lymph node 
Mold 

Lymphatic tissue from right Bacteria Sterile 
leg 

Muscle section from lesion Broken Bacteria 
oil left hind leg 

An attempt to repeat the trends Indicated In the above 

study proved unsuccessful. Tissue was removed daring autopsy, 

macerated and plated on nutrient agar, 0* actlnomycete 

colonies' were recovered. Sections removed and stained for 

histological examination revealed nothing. All mice, excapt 

the cine killed for autopsy, survived, 

Observations m autopsy of the red mouse from Cage I 

again indicated a possible lymphatic Inroliraent (See Tattle 

6). However| m actlnoraycetes were recovered from plate® 

of the gland. 

Use of the actinoiayeete type Isolated fro® maeerated 

mouse tissue in study three produced no more toxic effect 

than the original Type 9* 
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TABLE 6 

mmmmom on aotopsy of nmm if fourth rtttdy 

fentral 
Aspect 

Internal Dorsal 
Aspect 

Removals for 
Plating 

Removals for 
Histological 
Study 

Slightly 
enlarged 
inguinal 

Good 
general; 
appear-
ance • 

i Early 
preg-
nancy. 

Lesions 
through 
fur and 
skin.on 
thighf 
clean ; 
holes 
not in-
flamed* 

1.Inguinal 
Xyiaph node 
from right 
hind leg* 

2*Lyaphatic 
tissue 
from right | 
hind leg• 

1,Inguinal 
lymph node 
fTom left 
hind leg* 

2*Lraphatia 
tissue 
tmm left • 
hind leg. 

Possible 
! lymphatics 
enlarge- ; 
ssent ex- i 
tending 
from ven-
tral side 
of hind 
legs* 

3„Section of 
TOscle from 
leison on 
right hind • 
leg* 

:3*Section of 
imiaele from 
lesion on 
left hind 
leg* 

Altogether a total of k nl, of water emspension was in-

troduced into the tissue of each animal over a period of 

eight days, no toado responses of any type mm observed* 

In tissue culture Actinoi«ye#te 9 exhibited definite 

proteolytic properties,* On the slides proliferating cells 

of the chids: heart appeared to have Men destroyed by some 

enzyme or metabolic wast©-product? produced by the plant# 

Phase contrast movies shoved that Initial growth of the 

cells gradually lessened as a larger mycelial mass de-

veloped. 



DISCUSSION 

Actinomycetes selected for this study were isolated 

from raw and finished water and consigned a laboratory series 

number# The actual identification of the genus and species 

of the types has mot been undertaken* General Microscopic 

observation of these organisms indicates that .mixtures of 

more than one genus probably occurred together in a culture 

and were assigned a single number. Until actual identifi-

cation of each organism has been completedf attempts to 

duplicate any part of this study will he impossible since 

component types are frequently lost in a series of suc-

cessive transfers# 

fhe fact that these organisms can withstand the treat-

ments employed in the filtration process for the prepara-

tion of drinking water indicates a high degree of resist-

ance t© present purification methods and calls attention 

to the fact that the survival ©f these plants may con-

tribute to public health problems# However, the present 

studies have not indicated a great degree ©f toxicity for 

•the organ!sins observed. Toxic reactions were noted only 

when spores or aycella were brought into direct contact 

with living cells, either by injection into the tissue of 

experimental animals or by exposure to growing cells la 
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tissue culture* Ingestion of the plant masses produced no 

toxic responses. 

This lack of toxic response may be noted In the first 

two experiments. A single Ingestion produced no discern* • 

ihle effect while continued feedings produced marked in-

creases in the average wight gain of each animal and 

reduced fertility# The increase might 'haw been due to the 

actual nutritional content of the dried Mycelial flakes or 

to the effects 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 toxic response, is ' 

that the mating selection of the experimental animals was 

poor# 

the many variable factors, mode of Injection, mount 

of dosage and type of actlnoaycete, involved in the third v: 

study make impossible the selection of a single fatal •••••,'•'• 

factor# Since ail of the control animals survived, one, 

if not all, of these experimental factors must have con-

tributed -directly to the deaths of the alee* Viability and; 

sterility ©f the water suspensions were adequately demon* • 

strated* Contaminations, sufficient to be fatal, were not 

introduced with the innoculua or demonstrated on platen 

after autopsy# Enlargements of the lymphatic system alone 

appeared consistently throughout the findings of the autopsies 

and probably were responses either to the amount of fluid 



**0 

injected or to the actinoiaycete itself, Further studies 
* 

art indicated to conclude which of these contributing 

factors actually caused the deaths of the experimental 

animals* 

Study four, an attempt to repeat the previous ex-

periment, failed to elicit any response, neither the agar 

plates nor the sections taken for histological study re* 

sealed any actinomycete colonies# The transfers may have 

died after innoculation into sterile water, or the toxic 

component of the actinomycete type may have been lost in 

the series of transfers made on nutrient agar slants be-

tween the time of the third and fourth studies. The water 

suspension Itself was not tested for viability or sterility. 

However, the lack of contaminations on the nutrient agar 

plates of macerated mouse tissue indicated that the tech-

niques employed in autopsy and injection had introduced no 

contaminations. 

Slides and movies of actinomycetes grown in tissue 

culture'revealed only the extreme toxic responses. However, 

in the general aspects ©f music health, isolated, individual 

living cells would probably never come in contact with these 

plants* 

This preliminary study hat indicated that these eight 

actinomycete types produced no toxic response when Ingested 

directly but may damage individual cells if introduced into 

a lesion* 



SUMM4HI MMB COMCLUSIOHS 

1, the isolation of actinomycetes from finished public 

drinking water suggested the possibility that these may ex-

hibit pathogenicity usually attributed to other organisms. 

Therefore eight act;lnorayc«t« types were isolated from Lakes 

Hefner and Overholser, municipal reservoirs of Oklahoma 

City, Oklahoma» 

2* The actlnoiasyeetes were cultured la modified 

Cgagek's media® for direct feeding of large quantities of 

mycelia to aic©. Water suspensions of spores were taken 

from nutrient agar slants of the actinoaiycetes for injection 

into experimental animals• No extracts from the plant were 

employed In this study. 

3* light raiee were given flakes of mycelia in fourteen 

continuous feedings# All of the aniraals showed marked in-

creases in weight with a probable reduction of fertility, 

although the data are insufficient to be conclusive• 

Sub-cutaneous, intraaruuicular and Intraperitoneal 

injections of actinomycete-water suspensions > given to nine 

nice, produced lesions in the region of injection, probable 

imrolvment of the lymphatic system and death in three in* 

stances * 

hi 
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5# Aetiaoiayeete colonies were recovered by plating from 

the macerated tissue of four alee. The greatest number of 

colonies was recovered from a mouse injected, intramuscularly 

with Actinomycete 9# 

6* A second attempt at intramuscular injection of Acti-

nomyces 9 failed to produce death in any of six mice. !fo 

colonies ware recovered by plating macerated tissue, and 

none were observed in tissues removed for histological 

study* Colonies, recovered frora mascerated tissue in the pre-

ceding experiment and re-injected into sdee, exhibited no un-

usual effects• This second study of Actinonyoete 9 

indicated a, complete non-toxicity largely because this type 

consisted of a mixture and in re-isolation all strains were 

probably not recovered. 

7. Tissue culture of Actinooycete 9 revealed the 

presence of proteolytic enzyraes or by-products of the plant 

which caused destruction of the proliferating cells of ex-

planted chick heart# 
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