SCHERING CORPORATION

ANIMAL HEALTH DIVISION

GALLOPING HILL ROAD KENILWORTH, N.J. 07033

TELEPHONE: N.J. (201) 931-2000
N.Y. (212) 227-2800

June 20, 1977

Thomas Raines, D.V.M, '
Division-Avian Drugs

Bureau of Veterinary Medicine
Food and Drug Administration
Fishers Lane

Rockville, Maryland 20857
NADA 101-362

Dear Dr. Raines:

We refer to our new animal drug application for GARASOLR
Injection for Chickens and to our telephone discussion on
June 13th regarding several points requiring clarification.
These are as follows:

Item 1. Make copies of various portions of the NADA con- !
cerning EPA,

o These are attached - in triplicate

Item 2, Provide the following:

a. Structural formula
: NHg H

Molecular weight .
Molecular weight of gentamicin varies because it is
a complex of three components, sulfates of gentamicin
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C,, gentamicin C, and gentamicin Cyp in variable
amounts. Generafly gentamicin Cy sulfate is 722,

gentamicin Cg sulfate is 708 and gentamicin Cjp
sulfate is 694.

c. pH - Gentamicin sulfate in aqueous solution as in
GARASOL Injection for chickens has a pH of 3-5.

d. Chemical stability - based on available stability,
GARAiOL Injection for chickens is stable for 24
months,.

e. Define the fungus used in production of gentamicin
sulfate.

o Micromonospora purpurea

Item 3. Support in vitro activity of gentamicin

e The following published paper is attached to support
the in vitro activity of gentamicin:

Hennessey, P.W.,' et al: " In vitro Activity
of Gentamicin Against BacTeria Isolated from
Domestic Animals. VM/SAC 66, 1118-1122,
November 1971. -

Item 4. Since the majority of gentamicin is excreted in
the first few days of the chicken's life with small amounts
then excreted up to five weeks. What are the metabolites.

There is little known about metabolites detected after
parenteral administration of gentamicin or other amino-~ !
glycosides. It is generally accepted that aminoglycosides
are excreted in active form.

in studies done by Waitz and Weinstein, gentamicin serunm
levels in dogs were assayed by three different methods--«
microbiological, radioimmunoassay, and cl4 radioactive
assay. Serum levels determined by the three different
methods were identical which indicates no metabolism of
gentamicin occurred. Levels of gentamicin in urine deter-
mined by radioimmunoassay and microbiological assay were
similar by both assay methods which further confirms lack
of metabolites. Reference: Schering P 4440 - attached.

Item 5. Provide copies of the Freedom of Information
summary.

e Copies are attached in triplicate

Item 6. Are any of the data provided in this submission
confidential.

o Yes. The material balance involved in the produc=- !
tion of gentamicin sulfate veterinary. Submission
dated April 5, 1977, page 3, item d.




® ¥ @

Item 7. Provide a summary of the drug resistance study as
provided with submission dated April 5, 197%7.

e Since gentamicin sulfate is being marketed for use
in humans, a study was undertaken to determine if a
single subcutaneous injection of the recommended dose
of gentamicin in chicks has any effect on the sensi- ¢
tivity pattern of Escherichia coli isolates found by
cloacal swabs. The Kirby BaueT disc plate procedure
was used to determine susceptibility/resistance to
gentamicin as well as to neomycin, kanamycin, dihyro- -
streptomycin, tetracycline and penicillin. A total
of 245 E. coli isoaltes from gentamicin treated birds
were tested against each antibiotic. The data show
that injection of chicks with the recommended dose of
gentamicin has no effect on the susceptibility of
E. coli to any of the six antibiotics tested. The
total susceptibility of isolates to gentamicin was in
no way altered,

Item 8. Determine concentration of excreted gentamicin in

soil vs. MIC

e Calculated possible gentamicin concentration in the
soil is 0.3 mcg./kg. (0.3 ppb). In sensitivity test-
ing by tube dilution methodology, it is impractical
to dilute to ppb. Concentrations by tube dilution
sensitivity testing may reach 1 mcg./ml. which is
in ppm.

Item 9. A small portion of raw materials used in the man-
uTacture of gentamicin sulfate will be discharged to the
ecosphere. We state these are carbon dioxide and minute
traces of organic solvent. Identify the solvent.

@ Chloroform

Item 10. We state that the remaining liquids and solids
are discharged to the environment., How and where are they
discharged.

® The liquids are bafged 40 miles to the ocean under
an Interim Barging Permit No. II-PR-104 which covers
ipent Broth Wastes from the Environmental Protection
gency.

The solids are disposed of by dumping in a sanitary
land £ill in an approved manner,

Item 11. We state that the manufacture of gentamicin re-
quires only 0.6% of fuel used in Puerto Rico and state that
this impact on ‘the fuel is insignificant, Explain,
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e It is estimated that the production of gentamicin
sulfate in Puerto Rico for this product=--GARASOL
Injection for Chickens--will consume about :0,6%
of the fuel used at that manufacture site per year.
The small portion of manufactured gentamicin destined
to become this marketed product is in this respect
considered of insignificant proportion and will not
{equ%rg additional energy beyond that presently al- '

ocated.

Item 12. We state that the firm is in compliance with
the November 1976 fermentation regulations,.

o The manufacturing process for gentamicin sulfate in- ¢
volves only Puerto Rico. We are in compliance with
the document published in the Federal Register, Vol.
41, No. 223, November 17, 1976--Part 439 - Pharmaceu-
tical Manufacturing Point Source Category pertaining
to Fermentation Products.

Item 13. 'Provide published data on MICs of gentamicin
against a variety of soil bacteria. Support levels of
excreted gentamicin vs. soil bacteria. Compare the ex-
creted gentamicin level wvs, the 90 dog and cat subchronic
oral gentamicin study to show the human safety. The pro-
posed highest level resulting from chicken use is 0.3 mcg./kg.
in soil which is 1,000 fold below detectable levels,

o The only published paper (attached) is entitled
Sensitivity of Environmental Microorganisms to Anti- «
microbial agents by P, Van Dijck and H. Van De Voorde
published in Appl. Environmental Microbiology, 332-36
March 1976, In this paper sensitivity of different
microorganisms considered as typical representatires
of microflora of soil and water were tested against
gentamicin and 22 other antibacterials. Dilutions
were made to 1 mcg./ml. for the sensitivity testing.
Practically, dilutions to 1 and 0.1 mcg./ml. are per=- f
formed but to our knowledge we are not able to locate
any dilution factor below. Dr., Van Dijck states
that the 1 mcg./ml. is 10-100 times lower than the
MICs of strains with ecological importance.

Our calculations of possibly introducing to the en-
vironment via chicken droggings is 0.3 mcg./kg. (ppb).
This level is roughly 1,000 fold below any measure- f
able assay sensitivity. It can safely be stated

that no organism would be inhibited by the 0.3 ppb,
infinitesimal amount of antibacterial,

Concerning human safety, in 90 day subchronic oral

studies with gentamicin sulfate veterinary in dogs

and rats, doses as high as 60 mg./kg. were shown to
be safe. This calculates to be 200,000 times that

level which may be found in soil (0.3 ppb). '

Sincerely yours,




'ENVIRONMENTAL IMPACT ANALYSIS REPORT

A. Date - June 20, 1977
B.-C, 'Name of Applicant and Address

American Scientific Laboratories
, Schering Corporation
Madison, Wisconsin 53701

D. .Environmental Information
1, Describe the proposed action

a. Purpose of the action =~ f :
The applicant proposes to manufacture and dis-
tribute GARASOLR Injection (gentamicin sulfate
veterinary) recommended for the prevention of
early mortality in day-old chickens caused by
" Escherichia coli, Salmonella typhimurium and

Pscudomonas aeruginosa susceptible to genta= !
micin sulfate. - '

Gentamicin sulfate veterinary, an aminoglyco- '
side, is a complex antibiotic substance with
three components, sulfates of gentamicin Cj,
gentamicin Cy, and gentamicin Cya. It is pro-
duced from the naturally occurring fungus plicro-
" monospora purpurca, a member of the actinomycctes
group. It is a powder, basic in nature and -
highly soluble in water. Gentamicin solubility
in lipids is insignificant compared to its sol-
ubility in water. Gentamicin sulfate in aqueous
solution as in GARASOL Injection for chickens
has a pH of 3«5, Gentamicin is active against
gram negative and gram positive bacteria.
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The environment to be.effected if the action
is takenm - ¢ ‘ :
Manufacture of GARASOL Injection for chicke ¢
ens involves no impact on the environment.
Gentamicin sulfate veterinary is produced at
the facilities of Schering Corporation in
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Puerto Rico. Excipients and packaging supplies
are purchased for the final dosage form.

No pollutants result from preparation of the
final dosage form.

Discuss the probable impact of the proposed ac- ’
tion on the environment, including primary and
secondary consequences.

"a. Describe probable adverse and beneficial en-

vironmental effects of the use, consumption
and disposal of the article that is the sub- !
ject of the action, including but not limited
to the following areas of environmental impact
(where applicable):

(1) Pollution (air, water, soil) = !
The manufacturing process for gentamicin
involves Puerto Rico. Standardized fer-
mentation techniques are used in the manu-
facture with standard equipment. UVe are
in compliance with appropriate emission
certifications for the boilers and fer-
mentors as covered by the Approved En- ¢
vironmental Quality Board (Puerto Rico)
Annual Inspection, Manufacture of the
final dosage form in New Jersey involves
no adverse impact on the environment,.
We are in compliance with Federal, state
and local regulations,

During production of gentamicin sulfate
veterinary, air discharge consists main-
ly of carbon dioxide with minimal traces
of chlnroform,

The primary impact on the environment may
be from excreta from chickens treated
with gentamicin., A one day old chick
receives a single dose of :0.2 mg. of genta=- !
micin; therefore, the maximum excretion
possible is 0.2 mg./bird. The majority
of drug is excreted in the droppings the
first few days of life though extremely
small (immeasurable) amounts may be ex« f
creted up to five weeks. The most common
poultry housing practice in the U.S. is
to pl.ce birds in houses at the rate of
one bird per 0.75 square foot of floor
space. :

The most common poultry husbandry practice
is to cover the floor with three to four
inches of litter (wood shavings). ' (Vood
shavings - 0.75 sq. ft. x 3" weigh 1.3 1bs.)
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An eight week old broiler chicken weigh=- ¢
ing ;3.8 1bs. will have, over the cight
week period, consumed approximately .7.6
1bs. of feed and :1.9 gallons (16,8/1b.)
of water and excreted as urine and feces
' approximately 16 1lbs. or 70% of the total
3 feed and water intake. After evaporation
' reduces the moisture content by approxi- -
mately 65%, the droppings would weigh
5.5 1bs. Thus, the weight of litter
(1,3 1bs.) and droppings (5.5 1lbs.) equal
approximately :6,8 lbs.for a broiler over
an eight week period., At 6,8 lbs. of
manure per bird, it would require 295
birds to excrete one ton of manure.
Two hundred ninety five birds would re- !
ceive approximately 60 mg. of gentamicin
which, if totally excreted, would result
in a level of 60 mg. gentamicin/ton of
manure.

If the manure were spread at the maximum

of five tons per acre, there would be

'300 mg. of gentamicin into 909,000 kg,

of soil. The maximum concentration of gen- f
tamicin in soil would be :0.3 mcg./kg.(ppb)
which is approximately 1,000 fold below

any detectable level.

The preceding calculations assumed the
total dose of gentamicin was excreted in
droppings and no chemical or biological
degradation occurred, Siace the calcu-
lated maximal concentration of gentamicin
in the soil (0.3 mcg./kg.) can not be
measured, higher amounts (250, 500 and
1,000 mcg./ml.) of gentamicin were added
to dried soil containing sand, silt and
clay. Ninety eight percent or more of the
jnitial amount of gentamicin was absorbed
to substances in the soil and undetected
usin§ the bioassay system. TFurther tests
of the impregnated soil were done to deter-
mine any antibacterial activity. Soil

~ with absorbed gentamicin showed no evidence
of antibacterial activity. More important- :
1y, a number of studies have shown that

~ gentamicin is readily bound to and thus
inactivated by a varicty of organic mater-
jals including feces and cellulose, as
well as diatomaceous earth.

Further, rain fall in so0il containing
gentamicin chick excrecta would dilute
the :0,3 mcg./kg. gentanicin to miniscule
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. which might .appear in soil shows at least
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quantities. The impact of this usc of
gentamicin in chicks on soil or water is
insignificant. e

Solid and liquid wastes (compliance) =~ f
During production of gentamicin sulfate
veterinary in Puerto Rico, the remaining
liquids are barged 40 miles to the ocean
awvay from land under an Intcrim Barging
Permit No. II-PR-104 which covers Spent
Broth Vastes. The solids arc disposed of
by dumping in a sanitary land £ill in an
appropriate manner.

Toxic Substances (heavy metals, pesticides,
radiation) =~ ¢ ‘

Not applicable

Populations (human, animal, plant) = ¢
No impact on human, animal or plant pop-
ulation is anticipated, Discussed in
section D 2 (1). '

Human values, cffects = '

Gentamicin sulfate veterinary was fed
daily to dogs and rats for 90 days in a
subchronic oral study. The no-effect
dose of 60 mg./kg. in the dog and rat in
relation to the :0.3 mecg./kg. gentamicin

a 200,000 safety factor to humans., The
nositive action of this proposal will
have no adverse impact on human values,
endangered species or places subject to
local ordinances.

Food contaminatiom =« ¢

Positive action to this proposal will
have no adverse impact on food contamin-
ation, considcring the minisculc amount
of gentamicin which nay enter the soil
used for food growth,.

Natural resouxces = !

The manufacture of gentamicin sulfate for
this action will have an insignificant
effect on the natural resources.

Energy - '

Manufacture
the purposc
jection for

of gentamicin sulfate for

of this action {GARASOL In-
chickens) will recauire about
fuel oil and electrical power
used at the manufacturing facility. This
will not be in addition to that energy
presently allocated.

D s,
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"b. Describe measures taken to avoid or miti- !
gate potential adverse environmental effects.

e Approved ncean disposal wastes; vapor
scrubbers for gaseous and/or particulate

bearing emissions.

‘' c. Analyze the environmental impact of the man-
— ufacturing process of the article that is
the subject of the requested action.
Include: '

- (1) An identification of the pollutants
expected to be emitted -
During manufacture of gentamicin sul=- ¢
fate veterinary in Puerto Rico a portion
of the raw materials used in the manufac- !
ture will be discharged into the ecosphere
which will-have no impact on the environ=- ¢
ment. We purchase excipients and packaging
supplies for preparation of the final
dosage form in New Jersey. No pollutants
result from preparation of the final
dosage form.

(2) A citation of the applicable Federal,
state and local emission requirements - !
We are in complisnce with local, state '
and Federal requirements. In Puerto Rico
we have been issued Interim Barging Per= f
mit No. II-PR~104 by the Environmental
Protection Agency, which covers the Spent
Broth Wastes and we have appropriate emis-
sion certifications for the boilers and--.
the fermentors. In New Jersey, the site
for preparation of the dosage form, we
have been issued Permit No. 0002291.

(3) A certification that such emission com=- !
plies with said requircments = f
We have no annual Environmental Quality
Board survey and approval for the current

year by such body.

.3, Describe the probable adverse environmental effects
that can not be avoided.

o Manufacture of gentamicin sulfate is by standard
fermentation technique and preparation of the final
dosage form is by Good Manufacturing Practice,
Waste material disposal and control of all pollu- -
tants are in compliance with Federal, state and

local regulations.
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No a?v;arse environmental effects are expected from
indicated use of gentamicin in chickens because of
the extremely low gentamicin concentrai“on (0.3 ppb)
returned to the environment. There is no measur- '
able antibacterial activity observed at this low
concentration. This was discussed in section D 2 (1).

Evaluate alternatives to the propused actiom =/
There are no alternatives to the proposed action.
Raw material alternatives used in manufacture of
gentamicin sulfate veterinary would not result

in lesser contribution to the environment.

In ultimate use there is no alternative to the
use of gentamicin in chickens. Specificity of
gentamicin antibacterial activity in preventing
early chicken mortality due to Escherchia coli,
Salmonella typhimurium and Pseudononas acruginosa
FTeduces ecomnomic loss to thé chickenproducer.

Describe the relationship between local short term
use of the environment with respect to the proposed
action and the maintenance and enhancement of long- !

term productivity.

Short term effects upon the environment are neglig=
ible as discussed in section D. Since the short
term uses of the environment are not adversely af- ¢
fected by the manufacture and distribution of
GARASOL Injection for chickens, the maintenance

and enhancement of long-term productivity would

also not be affected. The long term benefits
consist of improved livability of chickens result- ¢
jing in a larger meat supply to the consumer.

Describe any irreversible and irretrievable commit= /
ment of resources that would be involved if the

.proposed action should be implecmented.

Based on the manufacture of the product and its

use, a portion of the raw materials will be dis- f
charged into the ccosphere, mainly carbon dioxide
with minimal traces of chloroform. The remainder

of the chemical entities are irretrievable while

the organic portion of the bio-products are ultim-
ately returned to the natural pool of carbon dioxide

and water.

Discuss the objections raised by other agencies,
organizations, or individuals that arec known to
the applicant. ‘

o Ve know of no one questioning this action.

Tf the proposed action should be taken prior to

90 days from the circulation of a draft environ- =
mental impact statement or 30 days from the fil- ¢
ing of a final eavironmental impact statement,
Explain why.
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o Information presented to our new animal drug
application obviates the nced of an environ-
mental impact statement. The proposed action
makes available to the Poultryman a drug
whose safety and efficacy is supported by
this new animal drug application.

’: i -
% 9., Risk-benefit analysis -

o The positive implementation of the proposed
action provides to the Poultryman a safe and
efficacious product to lower incidence of
mortality in treated chickens resulting in a
greater amount of poultry available in the
meat supply. The benefits of the drug far .
outweigh the negligible potential risks to
the enviionm:nt presented by GARASOL Injec- !
tion preparation and use. There 1s only a
minimal potential risk due to the introduc-
tion of gentamicin through the poultry drop-
pings or from emission of by-products during
manufacture. Calculations of chicken drop-
pings if ultimately used for fertilization of
soil would amount to 0.3 ppb. This concen= f
tration is much beyond measurable quantities

~and measurable antibacterial activity. There-
fore,it is of minimal consequence. Irretriev- I
able depletion of natural resources due to
the manufacture of gentamiicn is so small to
be meaningless. Manufacture of gentamicin
for this action will in no way demand energy
uses beyond that in a normal use.

E. Certification - The undersigned petitioner certifies
the information furnished in this Environmental Impact
Analysis Report is true, accurate, and complete to
the best of his knowledge

é/;-a/r;

Date 7 Signature

o ﬁﬂ. 6’/\4"%/’ p.v.m., 7h.0

Senior Director, Animal Hdéalth
Research e

%
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Recent stuiies (P-4399) in mice demonstrate that aminogly-

cosides are extensively distributed in tissues and that some of
~this material is retained in tissues.for long times. We have
carried out several pharmacokinetic studies which suggést that
thisg ig also true in dogs. |

The results of two pharmacokinetic investigations in single
dogs in which cl‘-gentamicin wvas employed may be summarized as
follovs:

Sernm levels of geatamicin are multi-phasic in nature and
are consistent with an extensive tissue digtribution and sone
tissue Eetentibn. . |

Serum'lcvelu determined by three different assay metho&s
(radiosctive, microblological, end radioinmuno) are identical and

suggest that there js either none or very little metabtolism of

gentamicin in the dog.
Eight'days after & single dose of gentamicin, antibiotic was

present in significant concentrationé in renal tissue and {n lover
concentrations in twenty different tissue and organ suuples.
Excretion of gentamicin in urine was prolonged and multi-

vhasie 1in nature.‘

PAGE
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George H., Miller, Ph.D.
Section Leaderx
Chemotherapy Department

Vet
Z;VAllan Waitz, E?.D.
Director

enotherapy Research

O g |

Mexrvihk J. nstein, Ph.D.
o Seuio Director
Microbiological Sciences
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INTRODUCTION

During the past several years as pert of our evaluation of

new aminoglycosides and as part of our continuing studies with
gentamicin and sisomicin, we have carried out a number of pharmaco-
kinetic studiesz in severa; an}mal species. Results of our studies
in mice have recently been reported (P-4399); we report below the

results of our studies employing cl‘-gentamicin in dogs.

MATERIALS AND METHODS

cl‘-gentamicin was employed as the sulfate adjusted to the
vase content .n the bvasis of wmicrobiologlcel assay. Dogs vere
male bee~leg and weighed approximately 10 kg each, Samples of
serum, cage fluid, and urine were obtained by standard methods
(pP-4310). Samples for microbiological assay were submitted to the
Asssy Department. Cage fluid samples were assayed against a
standard curve prepared in horse serum which hed previously been
shown to give results similar to standard curves prepared in cage
fluid, ,

Samples for radioassay were prepared and counted in the seme
vay as in previous studies (P-4399). 1In general, this involved
decolorizing with peroxide where appropriate and counting of serum,
cage fluid, and urine semples in Scintosol Conplete, Tissue sawples
were digested in Unisol and counted ian Unisol Complement.

The gentamicin radioimmuno assay (RIA) employed (New Englend
Nuclear, Biomedical Division) is a compétitive assay in which a

sample with unknown gentamicin content competes with & known anount

. [ A
SCHERING-PLOUGH RESEARCH DIVISION pac

BLOOMFIELD, NEW JERSEY 07003
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ol ’QSI-gentnmicin for a known amount of gentamicin antibody.,

The antibody is coated onto a plastic tube and after incubation

of the sample and iodinated gentamicin in the tube, the tubes

are washed to remove all unbound materisal. The bound 1251~genta«

miecin is then counted in a gamma counter, aand the values conmpared
to a standard curve prepared with samples of known gentenicin
contont. With proper dilution of the samples, the limit of genta-

micin sensitivity of this assay is about 20 ng/ml.

| RESULTS

The results 6f an experiment in which c? 1avelled gentamicin
vas given intravenously to & beagle dog are given in Tﬁble 1A end
Pigure l. The data from the first seven to eight hours are very
gimilar to previcusly reporﬁed dota besed on microbiologicel assays
for both serum and cage fluid levels (P-4310). The observed peak
levels and the initial rapid decline of serum levels, as well as
the second slower phase of decline in serum levels are all similar
to previous results. The apparent half-life after @istributional

equilibrium was 55 minutes, The fit of this inltial data to 'y

. two compartment open model is given in Table 1B. The kinetic para=-

neters are similar to those reported previously (P-4310) or those
derived for other data in this reports 1In addition, similar values
have been obtained for kananycin and amikacin by Cabana and Taggert

(Antimicrobial Agents and Chemotherapy, 3:478, 1973).

Becauee of the sensitivity and precision of the radloassay,

ve have been able to follow both serum and cage fluid levels for

SCHERING-PLOUGH RESEARCH DIVISION pacE
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longer times. One can see (Figure 1) that there is a change in

the rate of clearance of gentamicin from gerum about eight hours

after dosing. During the next 8 or 10 hours, the rate of elimina-

tion is considerably slower (half-life of about 154 minutes). A

further reduction in serunm e;imination rate occurs about 15 to 20
hours after dosing. This last phase of elimination has a half-life
of about 70 hours, however, the levels are very close to the lower
1imit of the sensitivity of the assay, and this half-life is very
spproximate, It is clear, however, that thé usual tvo compartment
open model is not adequate to describe these regults.

In addition to the serum levels, we have also followed thé
recoveries of gentamicin from urine, These data ére given in
Table LA, The 24 hour recovery of a single dose of gentamicin in
urine vas similar to previous results with single doses of genta-
micin in dogs (66% of the administered dose). A continued excretion
of gentamicin was obsgserved during the next 31 days after dosing
with an additional 4% of the dose being excreted after the first
day. The rate of urinary excretion frém tiae Lth to the lhth day
(half-1life of three days) is consistent with the observed serum
half-1ife for the fourth phase of serum elimination but after the
15th day, a further reduction in excretion rate occurred (halfe
1ife of 10 days) which would suggest the possibility of a fifth
serum elimination phase.

While it seens iikely that poor urine recovery technique nay

be responsible for some part of the missing dose, it is questionable

SCHERING-PLOUGH RESEARCH DIVISION
BLOOMFIELD, NEW JERSEY 07003




0 0 . P=bhlko

Page 6

that this could account for the entire 30% of the dose which is
missing. We have monitored fecal samples for the first five dayl
after dosing and found only mini;al levels of radio-activity wkich
ve feel are most probably due to contamination with urine. Addie-
tionally, in a separate experiment (unreported data), we have
monitored expired COp froﬁ mice dosed with 014-gentamicin and have
showvn that there 18 no radioactivity in the expired COp. Thus,
it geems likely that a portion of the administered dose was sbtill
present in the dog even after 31 days. Since we have shown in

" mice (P-4399) and rats (P-LLO2) that a portion of the dose resides
in the tissues of rodents after a single dose for as long as 28
days, it seems most likely that the same is true in the dog.

The data of Wahlig, et a (Int, Clin. Pharmacol., 10:212,

1974) do provide some tissue levelsg in dogs for as long as 16 dsys
after ceassation of a 21 day dosage course, and these data support
the idea that s;gnificant levels of gentamicin remain in the
tissues of dogs, especially the kidneys. ’

It appears that the most reasonable explanation of our data
jg that during the initial rapid decline of gentamicin serum levelsg,
gentamicin enters extravascular spaces. Most of this antibiotic
returns rapidly to the serum (P-4399) and is excreted, but a small
percentage of the antibiotic is retained and is only very slowly
released into the serum., Thus, this retained materiel acts as a
reservoir of gentamicin, and its gradual release into serum at vary-

ing rates is responsible for the subsequent low serum levels, as

SCHERING-PLOUGH RESEARCH DIVISION pace
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vell ag the chenging rate of decrease in serum levels. This
released antibiotic is then excreted in the urine. VWahlig et
al (Infection, 3:217, 1975) have recently shown prolonged excre-
tion of gentamicin in nman, and it seems likely that a similar
phenomenon may be occurring in humans as well. If this theory
is correct, then any linear (non-binding) pharmacokinetic model
vhich could be derived to fit the serum data (Table 1B) will be
inecorrect., The pharmacokinetic paramecters obvtained from such
modele will not predlct the correct tissue levels, In this report,
ve have used such models to describe our data, but it should be
ciear that these models are nothing more than a convenient way
of summarizing the data, and no cocnclusions should be dravn from
these models regarding the handling of aminoglycosides. This is,
of course, also true of other aminoglycoside pharmacokinetic
parsmeters presented earlier as well,

The cage fluild levels given in Table 1A show that there is

a rapid uptake of gentamicin into this fluid with peak levels

occurring about hé to 60 minutes after dosing. The elimination
of gentamicin from cage fluid after attainment of peak levels is
slover than from serum and appears to be parallel to tﬁe third
phase of elimination of gentamicin from serum, This kinetic
pattern is different from all of the patterns predicted for extrae
vascular compartments by any of the non-binding pharmacokinetic
models which ve have tried (Table 1B). This difference cen be
explained by saying that the modelz are insdequate (as we heve
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done above) cr by assuming that cage fluid is not representotive
of & normal physiological compar tment (see P-report P-LLL2).
Most probably, both of these expianations apply.

We have recently completed an experiment which was designed
to verify the tisaue-reﬁentipn hypothesis set forth above, Ve
have not had time to carry out a detailled pharmacokinetic analysis
of these data bu£ because of its relevance to thls report, the raw
data are given, In this experiment, a male beagle dog was dosed
intravenously (20 mg/kg) vith radioactive gentamiein. Serum levels
and urine recovery wvere followed for eight days at which time the
dog was sacrificed, and the residual levels of gentamiein in
tissues determined, The serum levels of gentamicin which vere
determined by radioassay, microblologlcal esssay, and radiocimmuno
assgy are given in Table 2A., 1In general; the clearance of gente-
nicin from serum (Pigure 2) was similar» to the above deacribed
experiment, Peak serum levels and initial distributional and
post-diatributiohal serum half-lives were consistent with the
previous experiment, The third phase of gentanmicin clearance
occurred at about the same time after dosing and also had a
similar half-life. This experiment was carricd out vith higher
specific activity antiblotic (undiluted cl‘egentamicin) 8o that
the long term semples would have a greater reliability. 1In addition,
we employed a higher dose and collected more samples; as & result,
one can see that the fourth phase of gentamicin clearance starts

about 12 hours after dosing and that its half-life iz about 50 hours.
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Sometime during the second or third dey, an edditional phase of
gerum clearance occurs, at which time serum levels remained
relatively constant at about 0.015 to 0.020 mcg/ml for the last
five to six dayé of the experiment. Since this level is about f;
the minimum level detectable by either assay, these values are
probably not highly accurate, However, since both assays agree
fairly closely, it seems likely that there is, indeced, detectabdble
gentamicin in the serum for seven to eight days following this
single i.v, dose.

Gentamicin serum levels determined by all three éssay
methods were genefally in close agreement., The gmall differences
which did occur appeared to vary in a random manner and would seen
to be the result of experimental error, Because of thls agree-
ment, it seems unlikely thét any sigdifi;Znt anount of metabolism
occurs in the dog. A metabolite would have to have the same
degree of reactivity as gentamicin in the redioimmuno assay, os
‘well a8 the same microbiological activity as gentamicin, This
seems unlikely in view of the sensitivity of these assays to
structural modifications. Levels of gentamicin in urine vere
determined by radioassay and microbiological assay, Table 2B, and
these were also similar by both assay methods,

The percent of the single dose rocovered in the urine during

| the first 24k hours (70%9) was very similar to the previous experie
ment and the excretion of gentamicin throughout the next eight

days also pccurred at a similar rate (Figure 2). The amount of
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gentamicin found in the feces (Table 3B) was very small énd could
easily result from contamination of the feces with urine. The
total percent of the dose eliminated during the eight days by
these two routes was about 76% so that 24% or 35 mg must have
remeined in the dog or bave yeen lost by poor reccvery techalique.
As can be seen in Teble 2C, all of the tested tissues contain-
ed éome gentanicin eight days after dosing. The levels in the
brain, salivary glands, and bSne, howvever, reprcsent the limit of
detectability. Renal tissue had tue highest levels of antibiotie.
Gentamicin levels in the renal cortex vere 55 mcg/gm, while the
medulla had much lower levels (3 mcg/gm). Thus, about 2 to 3 mg
or about 1.5% of the dose was recovered from the kidney. Genta=
micin levels in the liver were also relatively high {1 mcg/gm)
and account for an additional 0.5 mg of gentamicin., Most of the
other érgens had lower levels (0.1 to 0.5 meg/ml) and in total,
account for'an additional 0.5 mg. If one assumes that the remaine-
ing six kg oi carcass had an average level of gentamicin similar
to that obaserved in fat, muscle, and bone ur about 0.1l to 0.2 mecg/
gm, then we can account for an additional 0.6 to 1.2 mg of genta-
micin., Thus, we were able to recover about 5 mg of gentamicin in
the tissues of this dog. |

Since the unexcreted portion of the dose was about 35 mng, we

are still missing a significant amount of the drug. ince we have
ruled out metabolism, we assume that the missing gentamicin wase

either excreted in tbq urine and not recovered or that it was so
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tightly bound in the tissues that we failed to detect its presence,

This latter explanation is possible since our asaay involved a

digestion step which may not have Trecovered all of the antibiotic.
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-] ' TABLE 1A - .-

e Geataxicin Serum sad Cege Fluid Levels and Urine Recovery folloving & 28agle Li.v. Dose of 9.k mg/kg (100 ng)
- of c*¢-gentamicin to & MHale Seszle Dog (Ao, 176)

- Fluid Levels (zmeg/ml) at Time, Hours after Dosing i
e , 2 /2 2 Ll 2 3 2 5 & z 8 2 0 13 28 30 I2 2
: Serca « 59.5 8.1 39.0 \2905' 2k.0 20.0 25.5 11.0 T.k k2 2.3 1.0 0.61 0.37 0.25 0,18 0.2% 0,07 0.03 0.05 ~ 0,0L ~ 0,02
5 Cege Fluid =~ o= 502 5.7 12.1 16.1 8.k 28.8 1T.0 4.3 20.6 8.k 5.5 <= 5.0 2.5 L3 W2 2.2 0.09 0.08 ~0.02 ~C,01
| Yrine Recove 2k _Hours) st Time, Days after Dosing
' : r 2 2 Y 2 -1 I &8 2 0 22 12 23 Ak 25 26 17 18 19 20 22 22
' Yrine 66.6 1.15 0.62 0.52 0.19 0.29 0.11 0.09 0.11 0,06 0.9 0.06 0.05 0.0k 0.05 0.02 0.05 0.02 0,05 0.05 0.05 0.2
1 Urige Recavery {Contiaued) Iotal Recovery/3) Days
2 28 2 2 21 2 29 30 .3% )

. . . 0.02 0,02 0.02 0.02 Q.02 0.0%F 0.02 0.02 Q.02 T0.0
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* SABLE IB

Pharzacokinetic Pcnnuer. derived from the Serum Levels of a Hale Bu;lo Dog
given 9,k we/kx of Gi¢-Gentamietn (Teb.e 2A)
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E—kxo-) lli-i.m_

kx:T

b3 k10 =Y Urice

k‘xaT J, kz

l b X i—-‘ 19— Urice
kxsT ,L 7YY

i

Serum chelci
Degeribed Kig
min :

Erp
win~t

Pharmtcokinetic Para-etoru.

PYY 13 1 7
2a°t  min”:  mia=t mgn”t

Zero Time to
T Hours Post
Bosing

J.0192

Zero Time to ' -

13 Hours Fost
BDosing

Zero Time to'
15 Hours Post
Dosing

0.0262

0,050 "

0.02L

o. ck“ - - -

0.045

0.90019

0.049

".scruu lerels from zero time to $6 hours post-&osing could be &eacribed by e four-sompartment model, hovever, since thers are six possidle
varistioas with no evidence suggecting thet any one of these ig vzlid, the paressters have not baea ctleult.t\.d.

It ves esauned thet toe L.¥. bolus dose var fastenteneously distributed ta compartmant 1. The pereszeters for the tvo-compartmzeat model veare

derived by & computer fit of tke date, while the paranetars for the three-compartment mcdels vere obtained from e grephical fit of ths data
sad gacual colutione of the madels uuuz the method of Beaet, J. Pharm. Sci., 61:536, 1972.




TABLE 2A

. Geatanicia Serum Lavels followSng & ‘Single i.v. Dase of 20 =gfxg (146 mg) of
: Cli-Gentenicin to = Kale Bea:_’ﬁ_au_(!_o-_&&éi
[ ’
i Asgey Serum Levels (vceifol) vt Time, Hours after Pasing o
L | B I UE IG5 U Sk Lo i T3y e ——— T
[ Ridlosedlvity 110.8 85.6 93¢0 50,5 36.9 28.% 20,6 17.5 20.9 T.. 3.9 18 1.0 0.5¢ 0.52 0.25 0.19 0.0%9% O.o%2
§  Reltofmxuae 112 1) T0 &8 36 26 25 11 6.5 T. 5¢7 1.8 0,97 0.53 0.20 0.2% o 0.12 -
[ Kierobfologisal 01 T2 6T k9 39 33 .28 13 10 8 L) 2 1.0 0.7 0.5 0.2 0.2 0.1
!
A . Serus Levels {Conttnged) .
- iz 13 T ¥) 2% 27 30 55 5 %) 51 3 5T 1) 72 IR
| Padfoszetivity 0.0Tk 0.0T2 0.0%% 0.0k 0.028 0,056 0.050 0.055 0.028 0.02T 0.029 0.025 0.048 0,04k  0.019 0.0LT
| Rad ofzruag . 0.0 0.13 0.050 0.0% 0.032 - 0.C28 0.028 0.026 0.0LT ©O.O0LT 0.02L 0.01T 0.01T ©0.C15 0.013
| Kicrobfological ¢ * £ 0o o . _
A ! Serda Levels (C ntinucd .
3y E% 95 120 Y1y 1638 292 E
| Rediozetivity 0.026 0.015 0.0L3 0.0 0,015 0.018 -~ “ .

Rediofixxuas 0.020 0.023 0,006 0.01& ©.015 0.012 0.010




TABLE 23B.

Gentamicin Recovery in Urine and Feces folloving a Single i.v. Dose of
20 mg/kg (146 mg) of Cl4-Gentamicin to s Male Beagle Dog (No. QCAS)

Assay Mg Recovered/2h Hours at Time, Days after Doeing
by 2 2 L] 2 [ 1 []
Urine
Radioactive 101.8 0.53 0,74 0.34 0©.26 0.15 0.13 0.1k
Microbiological 0.8 1.2 0.9 o_.B 0.5 0.5 0.3 0.1
‘ Feccaos '
Radiosctive 0.5 0.5 0.2 0.3 0.1 0.2 0.2 Ll
Assay | Xota) Recovery, ug ‘
Urine :
Redioactive lok.1
Microbiological ~108.9
' Feces .

Radioactive - 1.8



TABLE 2¢

Gentanicin Tissue Levels Zight Days after a Single i.v. Dose of 20 mg/kg (146 mg) of
Cl¥-Gentamicin to a Male Beagle Doz (Ko. QCAS)

.

Centanicin (me o | ¥hole
Estinate of Centamicia

Tissue {meg/gn)
Microbiological Tigsue Weight,
Assey 1 . recovered, megz

Tissue Rediceazssry

78
.2“7.’.

Kidney
S54.6 myrel

_Cortex
Hedulls 2.7
1.7
8.0
1 1-0
113.3
kﬁa.
12.5":
g.2
C-C9
2.3
Y

Adrensl 0.kl
0.256

J.01

0.25

1.2
.5k

-
1=
< et

Cc.x3
c.n
C.CL
C. 22
.53

e
. -y

C. 3F¥
C.1
1.7

[Tt

Y
) b
W

b ga )
¥e

Lol U RTVRY, IPPRPLY

’:":l:.:l.!(nlnl
°°V°°°°°m+oooooc w e
XY
s 0

. N

Fat zstomach) 0.2k

Fat (Lumbar} 0.39
Skeletal) Muscl 0.1k
Sternum . G.0L
Carcass : .-

Q000

6000.0 ‘0.6‘1-2' -

LYThe kidney was assumed o be 60% cortex and ku% medulla for the purpose of the recovery
calculation, on the basis of previous experiance. _
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PIGURE 2, Seruz Levels of C'®-Qentemtctn followving & Stngle f.v, Dose of 20 mg/kg (1k6 mg)
to = Mele Bescle Dox (Xo. GCAS) :
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Dog No. QCAS (ZTable 23)
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Sensitivity of Environmental Microorganisms to-
Antimicrobial Agents
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The sensitivity of different microorganisms, considered as typical represents-
’ tives of the microflora of soil and water, was established to evaluate the
influence of the nonmedical use of antimicrobial agents on bacterial ecology.
Only seven strains, six chemoorganotrophs and one chemolithotroph, could be
considered as relatively sensitive to the 21 antimicrobial compounds tested. The
other 29 microorganisms may be regarded as resistant to most antimicrobial
agents. Streplomyces were sensitive to high concentrations of active substances.
Broad-spectrum antibiotics showed an effect on environmental bacteria similar
to that on human pathogens. Cephalothin stimulated the growth of a Chlorella
sp. From these experiments, it appears that spilled antimicrobial agents have

little chance of causing an alteration in the microbial ecology.

Information about the sensitivity of pathe-
genic microorganisms to antimicrobial agents,
which is nearly complete for type strains, is
mainly technical knowledge shared by micro-

tory concentrations on strains of typical envi-
ronmenta) origin are rather limited. Some in-
definite data are given in Bergev's Manual (2)
about A yxococcus and Hyphomicrobium. More
precise data are described for bacteria associ-
ated with marine algae (1/; these studies were
performed to obtain pure algae cultures. Many
marine strains isolated were sensitive Lo broad-
spectrum antibiotics and to penicillin G. Same
antibiotics were also harmful for aigae,

Since antimicrobial agents are used exten-
sively ovtside the medical field, it is extremely
important to realize the pussible effects of theze
substances when liberated 1n the environment.

- For this reason, some typical representatives
were selected from the numerous genera in the
bacterial ecosystem to determine Lheir suscepti-
bility to different antimicrobial agents. The
work was undertaken mainly to evaluate the
possible environmental effect of antimicrobial
substances that are used routinely as feed addi-
tives in the breeding of farm animals. The con-
clusions, however, are applicable to the various
other ficlds in which antibiotics are used.

|
a
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MATERIALS AND METHODS

Ali antibiotics used were obtained from the phar-
maceutica) firms that market there products. The
purity was guaranteed by these compamies, and the
desired concentrations were besed on these data.

. ket d SIEAL.

biologists. However, data on minimum inhibi- -

The macrelides and peptolides were dissolved at 100
mgiml in methanol, dimethylformamide was used
for solubilization of nystatin; furoxone was used 1
methano! suspension.

The solvents were tested for poseible interference
at 0.1% on contro) platec. Antibiotic concentrations
of 100 ppiml or lower were obtained from an aqueous
suspension of the active substance. The concen-
traied antibiotic sojutions were therefore diluted in
water. The other antibiotics were dissolved in dis-
tilled water and sterilized by filtration through cel-
luiose acetate membranes (0.45 pmi.

Rigorous sterility on solid media ususlly wes un-
necessary since most media were selective, Thus,
disinfection of most antibiotics by the solvents was
ratisfactory. .

The culture methods used were those normally
used for the respective organisms. These are speti-
fied below. The incubation temperature was 26 to
30 C for all strains.

The common chemoorganotrophic bacteria were
cuitivated on Trypticase sov agar tBaltimore Biolop-
ical Labaratories). For all the other strains tested,
special compositions were vsed, which generally are

‘described in classic manuals or papers.

Rhodopseudomonas &p. and K. spharroides 158
DSM (Deutsche Sammlung von Mikroorganismen)
were cultivated on Trypticase soy agar in anaerobic
jare {BBL) under ertificial light (a 100-W electric
bulb, Osram) at 30 C for 4 to 5 days.

Cytophapa johnsonae 425 DSM was cultivated on
Tryplicase roy agar 1o which 5% dextrose had been
added tsterilized by filtration).

Thiobaeillus thivaxidans 504 DSM was developed
on the medium as cited in the instruction manusl of
the culture collection. It contains: NH,Cl, 0.1 g
KH,PO,, 3 g MgC),+61,0, 0.1 g: CaCl,, 0.1 g; sulfur,
10 g water, ] hiter; pH 4.2 with 1 N HCl. The sulfur
was sterilized separately by ultraviolel irradiation,
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Hyphomicrobium sp. waa grown on the medium
studied by Hirsch (7):: KH,PO,, 1.36 ¢; Ns,HPO,,
2.13 g (NH),SO,, 0.5 g MgSO.7H,0, 0.2 g;
CaCl,2H,0, 9.95 mg FeS0,7H,0, 5 mg;
MnSO,1H,0, 2 mg: Na,M0oO,2H.0, 2.5 mg; agar,
16 g; water, 900 ml; 100 ml containing 2 g of ureum
and 1 m! of methano!l was added. This solution was
sterilized by filtration. The plates were incubated in

the dark for 2 days.

Nitrosomonas was cultivated in liquid medium
containing: Na,HPO,-2H,0, 6.45 g KH,P0,, 0.515¢g;
NaHCO,, 1 g; (NH,),S0,, 2 g: and 1 ml of FeSO,-
TH,0, ethylenediaminetetraacetic acid (0.5%),
and water, 979 ml. Ten milliliters of MgS0Q,7H.0
(0.1%) and CaCl, (0.03%) was added after steriliza-
tion, Five milliliters of the medium was distnbuted
in test tubes (20 by 150 mm) and incubated in a
slanted position. Initially the results were estimated
after ¢ days based on culture turbidity. After 3
weeks, growth was accessed from the formation of
NO,- using Tromsdoril reagent (Union Chimique
Belge).

Crowth conditions of Nitrobacter were similar to
those used for Nitrosomonas but using the following
- «dium: Na;HPO,2H,0, 3.2 g KH,PO,, 0.272 g:
NaNO,, 1.38 g: MgS0,-7H,0, 10 mg; and 20 ug of
ZnS0,-7H,0, CuS0, 7TH,0, Na;Mo0, 2H,0, and wa-
ter, 998 ml. After sterilization, 1 ml of FeSO, (0.5%)
and ethylenediaminetetraacetic aaid (0.5%) was
added. Growth was avaiuated after 4 davs by turbid.
ity. After 3 wecks an attempt was made to assay
NO,~ with brucine (8), but the results are not relia-
ble since the uninoculated medium also gave a posi-
tive result, )

Streptomyces were isolated from the soil on the
following medium (13): starch, 10 g MgSO,, ! g
CaCO0,, 3 & NaCl, 1 g (NH,S0,, 2 g: K{HPO,, 1 g
agar, 15 g; tap water, 1,000 ml. The sensitivity of the
isolated strains was tested on medium containing:
peptone, 10 g. meat extract, 5 g dextrose, 20 g;
NaCi, 5 g water, 1,000 ml; agar, 15g.

Identification of the bacter:al isolates was based
on characteristics enumerated in classic manuals
(e.g., sce references 2 and 125,

The medium for algae was prepared following the
description given by Schwoerbel 111); it contained:
ethylenediaminetetraacetic acid, 50 mg: CatNQ,),,
20 mg; CaCly, 18 mg; KCl, 10 mg: FeCly6H,0, 3.4
mg, 2nCl,, 20.8 mg: MnCl4H,0, 7.2 mg;
(NH,)Mo0;0,,-4H.0, 0.13 mg: CoCl,, 0.13 mg; yeast
bydrolysate (Nutritional Biochemicals Corp.), 100
mg; sodium acetate, 40 mg; azar, 15 g: in 800 ml.
After sterilization 100 ml of distilled water contain-
ing 14 mg of KH,PO, and 100 m! of distilled water
containing 20 mg of MgSO, were added. Separate
sterilization aveided chemical reaction during heat.

. ing. The algae were isolated from surface waters,

The cultures were cultivated in petri dishes, which
were closed with tape to avnid desiccation, The
plates were incubated at room temperature (20 to

25 C) in a window facing south but not receiving -

direct sunlight.
The plates were inoculated from a heavy suspan.
sion with & loop. Results were noted after 10 to 14
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days, when the control plates showed a good devel.
opment.

The free-living amoebac were taken from our cul-
ture collection (5) and grown on non-nutrient agar.
The spar layer contained: NaCl, 012 g
MgS0,-7H,0, 0.004 g; CaCl,-2H,0, 0.04 g; Na,HPO,,
0.142 g: KH,PO,, 0.136 g; water, 1 liter. The surface
was seeded with living Escherichia coli. The bacte-
rial suspension (10* ml} was distributed on the sur-
face of the medium with a folded glass rod.

After a few seconds; the surfnce was sufliciently

dry and a piece of agar, obtained from a culture with
heavy growth, was placed on the medium containing
the antibiotics. The plates were piaced in sealed
plastic bags for incubation at 37 C. Inhibition was -
noted visually by observing the mueration of the
growth; the cleared zone was easily perceived by
observation in indirect light. In doubtful cases, cul-
tures were viewed with an inverted microscope. The
growth was followed daily, and the inhibition was
established by comparison with the control plate.

RESULTS

The seven Pseudomonas strains tested for
sensitivity were isolated from mud and may be
considered as typical environmental strains.
Six of seven Pseudomonas reacted like common
clinical strains: they were not =ensitive (mini-
mum inhibitory concentration’ {MIC] > 1,000
ugmb) to the 21 antimicrobial agents used.
Some sensitivity existed to broad-spectrum an-
tibiotics (range, 10 to 100 pg/ml). Flavomycin
(10 pg/ml) also inhibited growth of the seven
strains. Pseudomonas Q17 was sensitive to
most products tested. This genus appeared to be
individually sensitive. Among other criteria
mentioned in Bergey's Manual (2}, the {orma-
tion of typical pigment on King B medium

" (Difco) was very striking for all strains {12).

Two strains of Citrobacter, one Klebsiella,
and one Flavobocterium, also originating from
mud. showed the same high resistance patters
as Pseudomonas. . :

The sensitivity of seven unidentified organo-
trophic strains from river water 1sample taken
in the Dijle, Louvain) gave a uniform picture,)
Mainly broad-spectrum antibiotics were active
(MIC range, between 1 to 50 pug/m)) and the
others were inactive.

Frum additional study of identified and'type -

strains, it appeared that some typical environ-
mental microorganisms were sensjuve to anti-
microbial agents (Table 1). Only nystatin was
inactive (MIC > 1,000 ug/m)) against bacteria.
In the genus Mycoplana, the two strains M,
bullata ATCC 4278 and M. dimorpha ATCC
4279 were susceplible to most antibiotics used,
except the iacrolides and penicillins (MIC >
100 pg/ml).
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Tasrx 1, Senslitivity of enuironmental microorganiems to antimicrobial agents

MIC (ug/mi) for etraln=
Antimicrohlial sgent -
: M.h. M.d. Hy Citr.1 Citr. 2 Flav, Kl Th. Cy. Rh. Hyph. R.sp. Rite,
Broad spectrum . . )

Tetracvcline 1 1100 5 100 19 100 100 100 10 1100 L10 <1 1,000
Polymyxin B ’ . >1,000 180 >1,000 100 10- >1,000
Chloramphenicol 0.5 2 3 5 10 10 100 1060 10 1.600 110 >1,000
Aminoglucosidea

Streptomyein 60 100 50 120 1,009 1,000 >1,000 100 100 1,000 <l 11,000

Neowmycin i1 11 11 L1 ' <1 1,000 100 100 10 12 >1,000

Gentamicin <1 <} <i <i . <1 1,000 100 100 . 10 10 11,000

Kanamyein 19 10 10 10 10 1,000 1,000 © 1,000 1,000 10 11,000

Limited spectrum N

Benzylpenicillin >1,000 >1,000 >1,000 >1,000 >1,000 1,000 >1.,000 1,000 100 1.000 100 w0 110
Ampicillin 1,000 1,000 L10 >1.000 19 ° <1 100 >1.000 160 10 100
Cloxacillin >1,000 >1,000 - >1,000 >1,000 >1,000
Oxacillin 100 1,000 >1,000 10 16 1.000
Cephnlathin 1,000 1100 1100 1160 1,000 100 100 >1,000 io 1.000 1,000
Macrolides .

Tylosin 100 100 1,000 >1,000 100 1,000 10 100 100 10 >1,000

Oleandnmycin 100 100 100 100 >1.,600 >1,000 1.000 10 >1,000 >1,000 160 >1.,000

Spiramycin 1100 100 1100 L1000 ° . 100 1,000 L10 1,000 100 100 L1,000
Virginiamycin 20 100 100 100 >1,000 >1,000 >1,000 10 10 1,000 100 160 1.000
Flavaiaycin 10 10 L4900 1,000 10 - <l >1,006 <1 >100 1,000
Navabiocin 20 100 100 100 >1,000 1,000 <1 <1 1,000 1100 100 >1,000
Bacitracin (U/ml) . 100 100 1,000 1,009 10 >1,000 100 1,000 100 190 >1,000
Nystatin . >1,000 ">1,000 >1.000 >1,0C0 >1,000 1000 11,000 >1,000 >1,000 >1000 >1,600
Sulfathiazol >1,000 >1,000 21,000 >1,000 >1,000 <1 1100 1100 11,000 100 1,600
Furoxane >1,800 >1,080 109 - 100 10 190 10 100 10 1,060 1100 100 1,000

* Abbreviationa: M.b., Mycoplana bullata ATCC 4218; M.4., Mycaplena dimerphe ATCC 4279; iy, Hydrogenomonas sp.; Citr., Citrohacter sp. 1
snd 2: Flav., Flavobacterizm ep.; Kl., Klebsiella ep.; Th., Thiobacillus thicoxrydane 504 DSM; Cy., Cythophaga johnsonae €25 DSM: Rh.,
Rhodopereudomonas sp.; Hyph., Hypkomicrobium sp.; R.sp., Rhudospeudomonas sphaeroides 158 DSM; Nite., Nitrobacter ¢p. Other microorganiams
insensitive to antimicrobisl agents used are mentioned in the text. Symbols: 1, Partial Inhibitlon; < lower or > higher than given number.
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" Hydrogenomonas (6) was sensitive to tetra-
cycline and chloramphenicol (MIC = 5 ug/ml).
The other antibiotics mentioned in Table 1 in-
hibited only at 100 ug/ml. If this strain is taken
an typical for other species of the genus, a rela-
tive gensitivity could be accepted. The strajn
studied was able to decompose the recalcitrant
structure of DDT (6), and this genus may play
an important role in the environment.

C. johnsonae 425 DSM was relatively sensi-
tive to many antibiotics (MIC = 10 to 100 ug/
ml). The activity of this strain, which decom.
poses cellulolytic materials, could be altered
when large quantities of antimicrobial sub-
stances are spilled into the environment.

The photosynthetic strain Rhodopscudomo-
nas, very common in mud, was insensitive to
the whole «eries of antimicrobial agents tested
and, in this respect, was similar to the Pseu-
domonas genus. In contrast, R. sphaeroides 158
DSM, another photosynthetic bacterium from
mud, was susceptible to 10 ug of various anti-
microbial compounds per mi. Elimination of
this microorganism in favor of other bacteria
might occur by the presence of active sub-
stances in waste material.

Growth of Hypheamicrobium sp. was in-
hibited somewhat by several antibiotics (10 to
100 pg/m)). The multiple mineralization func-
tion of this bacterium may be decrcased by
antimicrobial agents, but only at high levels.
The inhibition was mentioned previously in
Bergey's Manual for H. vulgare, but the daLa
‘were not precise (2).

Nitrobacter was insensitive (MIC > 1,000 ugl
ml) to mést antimicrobial substances except for
penicillin C, which partially inhibited growth
at 10 pg/ml. The MICs are based on the bio-
chemical assay of NO.~ formation. However,
after 4 days of incubation, growth appeared to
be inhibited from the lack of turbidity in the
cultures. Considering this criterion, most

" agents showed an inhibition. As established,

though, the former method is the more reliable
test for assaying growth of Nitrobacter.
Nitrosomonas appeared to respond similarly
to Nitrobacter; however, the NO,~ assay, using
brucine ns a reagent, may not be trusted com.
pletely since control samples of the' medium
gave also a slight positive reaction. Antimicro-
bial agents scemed to have little effect on the

- action of these lmportant microorganisms o{'the

soil

All eight Streptomyces <pp. isolated from
agricultural land, were sensitive to one or more
antimicrobial agents at 1,000 pg/ml (Table 2),
Broad-spectrum antibiotics, the macrolides,
and others inhibited all strains at high concen-
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TasLe 2. Sensitivity of eight strains of Streptomyces
to 21 antimicrobial agents

Antimicrobial agent (1,000 ug/ml No. of strains in-
each) hibited

Broad-spectrum antibiotics®
Macrolides®

Oxacillin

Cephalothin

Novobiocin )
Bacitracin (1,000 U/m))

Benzylpenicillin
Ampicillin
Cloxacillin
Virginiamycin
Flavomycin
Sulfathiazol
Furoxone

almghd DRI ROD

Nystatin 0

¢ Broad.spec.. urt antibintics: Telracycline; the
ammoglucou;dea streptomycin, neomvcin, kanamy-.
cin, and gentamicin; polymyxin B; chloramphemcol

* Macrolides: Tylomn, oleandomycm, and spira-
mycin,

R )

trations. None of the strains was inhibited by
nystatin, and only one strain was sensitive to
flavomycin. The other antimicrobial agents in-
hibited a varied number of strains. High levels
of active substances could change the composi-
tion o this major soil microorganism,

The two algae examined may be considered .
as insensitive to the antimicrobial agents used,
but inhibition was still possible at high levels
(100 or 1,000 pg/ml). Furoxone inhibited Chlo-
rella sp. (4) at 10 ug/ml. Some antibiotic-sensi-
tive algae also were described by Berland (1),
An unexpected phenomenon was observed with
the cephalothin and ampicillin series, At 1,000
pg/ml a marked growth stimulation was ob-
tained with Chlorelia sp. in comparison to the
control plate. The color was dark green (5 G 5/8)
for cephalothin and green (2,5 GY 8/6) (10) for
ampicillin, whereas the contrnl appeared ‘as
yellowish green (2,5 GY 8/8) (10). Thus, cepha-
losporin and, to a minor degree, ampicillin in-
terfered with the metabolic pathway of this
alga. At 100 pg of cephalothin per mil, the dif-
ference in growth between the control and
treated cultures was barely perceptible. At
1,000 pug/ml, it was very marked.

The six amoebae strains could be considered
as insensitive, Some exceptions were observed,

-however, three of six strains were sensitive to

nystatin (MIC = 10 pg/mi). These results eould
be expected as the sensitivity of hacglerla to
amphotericin B (another polyene) iz well
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known (3). N. gruberi 1518 la and N. gruberi
LI-S were affected by furoxone and gentamicin,
respectively. For amoebae, it may be concluded
that they will be scarcely influenced by spilled
antimicrobial agents. However, the possxbxlnv
always exists that they may become affected
indirectly by ehmmauon of ‘the feeding sub-

strate.

DISCUSSION

Most chemolithotrophic strains, important
for their function in nature, require special
growth conditions. Many grow slowly or de-
velop only in symbiosis. Hence a complete
survey of the sensitivity of the saprophytic
genera would require several years of testing.
Nevertheless, the enumerated data could be
considered as representative for the bacterial
ecosystem, even though the strains studied
represent only a small part of the total micro-
population. Additionally, however, most of the
strains used in this study were derived from
culture collections and have been removed from
their natural habitat for varyving lengths of
time. Thus, sensitivity could be afTected by this
artificial growth condition. A study in situ
would be preferable, but this is very difficult to
realize, .

The MICs were not accurately established,
but obtaining very precise data of inhibition
was not the main objective of this work. To
evaluate the consequences of environmental
contamination by antimicrobial agents, how-
ever, rough figures can adequately indicate a
possible disturbance in the natural microbial
equilibrium.

All bacterial strains examined were gram
negative; hence they were inhibited to some

. extent by broad-spectrum antibioties. In this

sense the Gram property of environmental
strains may be extended to their sensitivity in

\ in vitro cultures.

From the data obtamed only seven bacterial
strains showed a relative sensitivity to the se-

" ries of antimicrobial agents used. Compared to

the MICs of pathogenic bacteria, this suscepti-
bility is low. Disturbance of microbial ecology
and interference in the related role in nature,
due to spilled active compounds, would appear
, to be negligible. Moreover, we have demon-
strated by a series of assays, the data of which
will be published elsewhere, that the antibiotic

fiols M'mmmm;mi‘mmui‘bzumm Lo ALl Lot S SRR m‘w

activity in surface waters never exceeded 1 ug/

‘ml. This concentration 1 J0 to 130 timee lower

Than the MICs of strains with ecological impnr-

~ tance. The sensmvu} of Streptomyees spp.
must be interpreted in an analopous manner.
Next to possible perturbation of microbial life

ArvL. Envison. Miczosiot.

in nature, contamination by antimicrubial
agents also presents the danger of tran-ducible
resistance by plasmids. This sutyect was stud-
ied extensiv el\ for strains belonying to the nor-
mal or pathogemf microflora of man (9). 14 is_
accepted that transfer of R fuctur only _ocCcurs
within a genus. Tne genera con-idered 1n this,
study have their natural halutat in the environs
ment; thus plasmid tr.uhh-r to prtential putho-
genic strains is_highiv mmnun ik, lv ‘Un the

"“other hand, the transducibinty of geneue fuce

tors may exist 1n species that rewide 1 both
environments, in man and in nature, eg.,
Pseudomonas, C..robacter, and Kivbsiwila. Con-
tact of these genera with antibivtics may pre-
sent an inevitable danger.
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The Effect of Garasol Injectiom on the Antibiotic Sensitivity

- Patterns of E. coli Isolates ffom Chicks

AUTHOR:
Howard J. Bachmann, M.S,

OBJECTIVE:
To determine if a single subcutaneous injection of the recom-

mended dose of Garasol in chicks has any effect on the sensi-
) - tivity pattern of E. coli isolates found by cloacal swab.

REASON:
This study was designed to answer questions raised by the

Burcau of Veterinary Medicine with regard to our petition
for the use of Garasol as an injectable in chicks. )
hl .

RESULTS:
o significant changes in antibiotic sensitivity patterns of

E. coli isolates followed injcction of chicks with the recom-
mended dose of Garasol. All isolates from treated and untreated

“......chicks were sensitive to gentamicin.

. CONCLUSTON: | : | ‘ |
Injection of chicks with a recommended dose of Garasol had :

yno effect on sensitivity patterns of E. coli isolates.
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MATERIALS AND METHODS: .
A. Animals: One hundred stfaight-run day-old Hubbard White

Mountain Cross chicks were reccived from Martin's
Hatcheries, Lancaster, Pennsylvania. When received,
the chicks were randomly aésigned to eight groups con-
sisting of 10 birds each and were wing banded for
jdentification as follows:

Group Numbers
| 401-410

. 411-420
421-430
431-440
441-450
451-460
461-470

R 3 O Y B NN

471-480
The additional 20 unused chicks were destroyed.

Each group was assigned to a separate section in
the same Petersime Brooder with individual heat and
light for cach group. The birds were maintained in
this brooder in an isolation building for two wceks
then transferred intgct to Modcl'4F Petersinme growing

‘ cages to allow them sufficient room during the remainder

of the trial period.
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" A1l birds received well water and unmedicated starter
mash ad libitum during the trial.

Treatment and Dosage:

. Drug: Garasol Solution - Brand of gjentamicin sulfate

veterinary - 50 mg/ml. 6PTX3P54574  Expiration
May 1979.
This drug was diluted 1:50 by adding 1.0 ml to 49.0 ml

of sterile saline.

Each chick was injected with 0.2 ml (0.2 mg genta-
micin) of the diluted drug given subcutancous;y in‘the

neck region just behind the skull.

-— et

Test Design and Proccdure: After the random distribution

the groups were divided into four ‘treated and four con-
trol groups of ten birds each. Tdrouﬁs.1{th}u‘4_ﬁéfq"";_
untreated controls and groups 5 thru 8 were injected
with the recommended dose of Garésol.

Cloacal samples were obtained Erom ten birds from
control groups and ten {rom treated groups at 0, 7, 14,
21 and 28 days post treatment. Birds were selected for
sampling at each sampling time by use of tables of
random numbers.

Laboratory Procedures: Cloacal samples were streaked

directly on desoxycholate agar (Baltimoré Biological

Laboratories) in 100 mm x 15 mm plastic petri dishes
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(Falcon Plastics) so that individual colonies would be
obtained. All plates wexze incubated for 15-24 hours at
379cC.
Afte; incubation five colonies typical of E. coli
(bright red indicating lactose fermentation) were
selected from each plate (representing each bird).
Each colony selected was suspended in 2.5 ml of Mueller-
. Hinton Broth (BBL). From this broth a triple sugar iron
. ] (TSI) agar slant was inoculated and incubated with the
broth at 37°C for 18 hours. After incubation all broth
suspensions confirmed to be E. coli by a typical rcac-
tion of the accompanying TSI were used to determine
sensitivity patterns to gentamicin (Gm), neomycin (N),
kanamycin (K), dihydrostrcptomycinI(DS), tetracycline
(Te) and penicillin (P) by standard disc susceptibility
tests as described by Bauer, et.al. (1), Mueller-Hinton
agar plates used for the Kirby-Bauer procedures were
prepared on Monday and inoculated on Thursday. These
were 100 mm x 15 mm plastic petri dishes to which 25
ml of agar was added to give a depth of 4 mm.
* Each broth culture was streaked on an agar plate
using a sterile cotton tipped swab. One disc con-

taining each of the antibiotics to be tested was placed

on the plate. All plates were incubated overnight at
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37°C. anetsizgs in mi;limetérslﬁefe recordéd for each

antibiotic disc on the S6llowing day. |
Isolates were considered sensitive if the zone

around antibiotic discs were: Gentamicin (12 mm or more),

Neomycin (17 mm or more), Kanamycin (17 mm or more),

dihydrostreptomycin (18 mm or more), tetracycline (19 mm
or more) and Penicillin (22 mm or more). All other

jsolates were considered resistant to the antibiotic

in question.

RESULTS:

Table I summarizes the results of antibiotic sensitivity VY
‘tests on E. coli isolates obtained. A total of 245 E. colj
isolates from untreated control birds and 245 ffom treated birds
were tested against each antibiotic. i

All of the isolates obtained from either untreated control
or treated birds were susceptible to gentamiciﬁ and kanamycin.
Only one isolate from untreated control birds and one from
treated birds proved to be resistant to neomycin. None of the
isolates were susceptible to penicillin. Most strains of E. coli
isolated from either untreated controllor trcated groups Qere
susceptible to_diﬁydrostreptomycin (DS) and tetracycline (Te).
However, at most sampling periods isolates which were resistant

to dihydrostrcptomycin and/or tetracycline were recovered from

both the treated and untreated groups.
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DISCUSSION:
All strains of E. coli isolﬁted from both untreated control

and treated groups at every sampling interval were susceptible
to gentamicin and kinamycin. With the exception of one strain
from the untreated control and one from the treated birds, the
same was true of neomycin. This indicates that within the cen-
ditions of this experiment the susceptibility of isolates to
these three antibiotics was not altered.

The total resistance of E. coli isolates to peﬁibillin was

not altered during this trial. L

s

There were strains isolated from both untreated .control and

treated birds which were resistant to dihydrostreptoﬁycin and/or
tetracycline. These strains were isolated at most sampling

. . . g v
periods and more were obtained from the untrcated control bdirds

than from the treated birds. W BN

CONCLUSION:

Injection of chicks with Garasol at the recommended dose had

no mecasurable effect on the susceptibility patterns of E. coli
to any of the drugs tested. In particular, the total suscepti-

bility of isolates to gentamicin was in no way altered by treat-

ment at the recommended dose.
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GARASOL/Chick EIAR Summary

1. Describe Proposed Action:

A. Concise Description: -

Schering Corporation, Animal Health Products, proposes to
manufacture and market GARASOL Injection, brand of genta-
micin sulfate veterinary, as an aid in the prevention of
early mortality in day old chickens caused by bacteria

susceptible to gentamicin' including E. coli, Enterobacter
aerogenes, Proteus -mirabilis, Salmonella typhimurium and
Fseudomonas aeruginosa, '

Chemical/Physical ?ropériiés of New Drug

Gentamicin sulfate veterinary is an aminoglycoside antibio-
tic, derived from Micromonospora purpurea,a member of the
Actinomycetes group and originally isolated from a domes-
tic soil sample. It is a powder, basic in nature and highly
soluble in water. Gentamicin solubility in lipids is
insignificant compared to its solubility in water. Aqueous
solutions are stable over a wide range of temperatures and

pH.

Uses and Benefits of Proposed Action

Early mortality in chicks creates a major economic loss to
the poultry industry and if uncontrolled may lead to con-
sumer price increases. A single subcutaneous injection of
0.2 mg. gentamicin in day-old chicks provides the necessary
activity to eliminate many debilitating infections, which
if untreated could result in death.

Potential Market

Based on current estimates there are approximately 300 million
pullets and 3 billion broilers raised annually in the United
States. Optimistically we estimate approximately 700 millien
chicks or slightly more than 21% of the population may be
treated with the recommended dose of GARASOL Injection.

I1., Manufacturing Impacts

A. Identify Pollutants Expected to be Emitted

The manufacture of GARASOL Inijection for chicks involves no
impact on the environment, Gentamicin sulfate veterinary is
produced at the facilities of Schering Corporation in Puerto
Rico. Excipients and packaging supplies are purchased. No
pollutants result from preparation of the dosage form.
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C.

D.

® " ® | ‘

Citation of Applicable Federal, State and Local Emission
Requirements and ~ "

Certification that Schering Complies with These Requirements

Schering complies with all local, state and federal environ-
mental requirements. Prior-to installation of new plant 4
equipment in production, local and state agencies are informed
and after inspection, permits are obtained. .

Identify any Non-renewable or Scarce Resources Used by Manu-
facturing Process ' ‘ .

There are no scarce or non-renewable resources utilized in the

preparation of gentamicin sulfate veterinary or the subsequegt.,.?

manufacture of GARASOL Injection,

I1]1. Introduction inte the Environment

A,

Drug excretion and concentration,

A one day old chick receives a single dose of 0.2 mg. of
gentamicin; therefore,the maximum excretion possible is

0.2 mg./bird. The majority of drug is excreted in the drop-
pings the first few days of life though extremely small
(immeasureable) amounts may be extreted up to 5 weeks. The
most common poultry housing practice in the U. S. is to place
birds in houses at the rate of one bird per 0.75.square foot
of floor space,

The most common poultry husbandry practice is to cover the
floor with three to four inches of litter (wood shavings).
(Wood shavings - 0.75 sq. ft. x 3" weigh 1.3 1lbs,) An eight
week old broiler chicken weighing 3.8 1lbs. will have, over

the eight week period, consumed approximately 7.6 1lbs. of

feed and 1.9 gallons (16.8/1b.) of water and excreted as urine
and feces approximately 16 lbs. or 70% of the total feced and
water intake. After evaporation reduces the moisture content
by approximately 65%, the droppings would weigh 5.5 1bs.

Thus, the weight of litter (1.3 1lbs.) and droppings (5.5 1bs.)
equal approximately 6.8 1lbs. for a broiler over an eight week
period. At 6.8 lbs. of manure per bird, it would require 295
birds to excrete one ton of manure. Two hundred ninety five
birds would receive approximately 60 mg. of gentamicin which,

if totally excreted, would result in a level of 60 mg. genta-’

micin/ton of manure.

If the manure were spread at the maximum of 5 tons per acre
there would be 300 mg. of gentamicin per acre. Common prac-
tice of plowing or discing the manure into the top six inches
of soil would distribute the 300 mg. of gentamicin into 909,
000 kg. of scil. The maximum concentration of gentamicin in
soil would be 0.3 mcg./kg. (ppb) which is approximately 1000
fold below any detectable level. .




. B. Geographic Use Pattern

Usage will be mostly in arcas of intensified poultry produc-
tior which include Delmarva, Pennsylvania, Maine, Arkansas,
Texas, Georgia, Alabama, North Carolina, South Carolina,
Mississippi, Florida, Illinois, Indiana, Ohio, Iowa, Wiscon-
sin, Minnesota, California, Oregon and Washington. It is anti-
cipated the southeastern states (Georgia, Alabama, North and
‘South Carolina, Mississippi and Florida) would have the heav-
iest use because of the number of broiler chickens raised.
Total material to be used for this purpose is approximately
140 kg./year which will treat 700 million birds. .This 140
" kg. would account for approximately one half of all gentami-
cin used in animals (total gentamicin used in 1975 was 159 kg.)

IV. Environmental Fate-

The. preceding calculations assumed the total dose of gentamicin
was excreted in droppings and no chemical or biolog.cal degra-
dation occurred. Even under those assumptions, the amount of
. gentamicin in soil would be undetectable. ‘If the same amount
of gentamicin was applied to the 'soil in manure twice a year
for 10, 50, or 100 years the level would still remain far below
any detectable level,

Several studies were designed to examine the availability, activ-
ity, persistence, and movement of gentamicin in soil. Since it

is impossible to work with the low levels calculated to be in soil,
levels greater than 10,000 fold the calculated level were used in
these. studies. e L e .

A. Availability

Gentamicin was added directly to five gram soil* samples to
yield concentrations of 1000, 500 and .50 mcg./gram. Routine
extraction techniques were performed to vrecover the drug from
the samples. A microbiologic assay procedure was then utilized
to determine the percentage of "active" gentamicin extracted.

Between one and two percent of the gentamicin was extractable:
and microbiologically active using routine assay procedures.
Ninety eight percent or more of the initial amount of genta-
micin added was absorbed to substances in the soil and undetec-
table using the bioassay system.,

The results indicate gentamicin ' is one of a group of basic
antibiotics that is readily absorbed by negatively charged or
colloidal materials in the soil.ts+

Gentamicin (mcg./gram) in Soil

1000 500 250

Mecan % Recovered ‘ 1.202  1.14 1.01
dAssay sensitivity:0.04 mcg./ml. buffer

* All studies were conducted with 24 hour dried soil contain-
ine A4d% sand. 1A% silt and 2% elav.



B. Antibacterial Activity

A modified plate count procedure was designed to detect anti-
bacterial activity of absorbed gentamicin. Using routine
procedures, gentamicin was extracted from soil samples con-
taining 1000, 500, 250, 100, 50, and 0 mcg./gram of gentamicin.
The extracts were assayed by the standard microbiologic assay
procedure to determine the percent recovery of free or extrac-
table gentamicin. With this procedure, an estimate of the
percent of adsorbed gentamicin rémaining in each soil sample
was obtained. The extracted soil samples were_autoclaved and
known numbers of S. epidermidis ATCC 12228 (101l1) were added

to each sample. This organism is a primary assay organism

and is sensitive to 0.04 mcg./ml. of gentamicin in buffer.
Following a suitable period of exposure (60 minutecs) at room
temperature, saline was used to extract and recover the bac-
teria from each sample. The number of bacteria reccovered was
determined by standard plate count procedures.

Antibacterial activity of adsorbed gentamicin equivalent to
0.04 mcg./ml. or more of free gentamicin should have resulted -
in a reduction in the numbers of S. epidermidis 12228 recovered

per sample.,

The results were as follows:

Initial gentamicin Gentamicin  S. epidermidis 12228 |
concentration (mcg./gr.) $ adsorbed® <coloniecs recovered/Scw:so
1000 | © 99.07 2.8 x 1010
500 | 98.92 3.9 x 1010
250 - © 99,00 6.6 x 1010

100 399,60 | 3.9 x 1020
50  599.60 | 4.0 x 1010
0 | Neg.b 6.5 x 1010
0 Neg. | 8.6 x 1010
0 Neg. 2.0 x 1010
0 Neg. 5.5 x 1010
0 Neg. 1,0 3 1010
0 Neg. 3.6 x 1010

2 ARssay sensitivity: 0.04 mcg./ml, buffer-
b No evidence of antibiotic activity.




The number of bacteria recovered from soi% samples containing
adsorbed gentamicin ranged from 2.8 x 1010 to 6.6 x 1010, The
number of bacteria recovered from control samples ranged from
1.0 x 1040 tc 8.6 x 1010, The number of bacteria recovered
from samples containing adsorbed gentamicin clearly fall within
the range of bacteria recovered from control samples. No de-
crease in the number of bacteria in treated samples as com-
pared to control samples occurred. Similar results_have been
reported for other-antibiotics.

The results show gentamicin does not retajn its antibacterial'
activity when adsorbed to soil colloids.

Movement in the Soil

One and a half micrograms of tritiated gentamicin (specific
activity - 0.911 ci/mole) was slurried onto the top inch of a
twelve inch soil column (diameter - 0.84 inches). Three
‘hundred and seventy six milliliters (6.6 acre inches) of dis-
tilled water was dripped continuously on the top of the soil
column. Eluants taken hourly from the bottom of the column
were counted directly in a liquid scintillation counter. None
of the eluates contained counts substantially different from
background levels. ' o

The column was then divided into one inch-scgments whiéh were
lyophilized. From cach segment five samples weighing 0.5
grams each were oxidized tc coa and H0 and assayed for tri-

tium. Tne assay results showed 90% of the tritium was retained
in the top one inch of soil. The remaining 10% of tritium was
retained in the second inch of soil. None of the soil samples -
lower than two inches in the column contained counts substan-
tially higher than background. : -

The.resplts of this test indicate that gentamicin is not highly
motile in soil. Therefore, the introduction of gentamicin to
grondwater via leaching is a remote possibility.

Stability

A study designed to determine the stability of free gentamicin
w;s based on percent recovery of drug from soil over a period
of tinme. : .

Gentamicin was added to fifty gram pre-sterilized and non-
sterilized soil samples to yield concentrations of 500 mcg./
gram. At two week intervals the moisture content of the
samples was adjusted to 50% of the water saturation capacity
of the soil. All samples were maintained at room temperature.
Samples were assayed for residual gentanmicin at 0, 4, 10, 20,
and 31 days using a routine microbiological assay. The
results are as follows: o




Gentamicin Stability in Soil

Non-Sterilized Soil : ?re-Sterilized Soil -
Zones of Inhibition ~ _Zones of Inhibition
(mm) $ Recovered (mm) § Recovered *

0 day 26.5 1.83 - 27.7 2,43
4 days 26.7 1.71 2647 1.67
10 days 27.2 1,61 28,0 1.92
20 days 25.8 0.88 | 26.3 . - 0.99
31 days 24.5 0.80 . oo 25.1. ... 0,91

These data show that gentamicin activity decrcased with tim=2
in both pre-sterilized and non-sterilized soil. The loss of

" activity may be due to biologi:cal deactivation (enzymatic

phosphorylation, adenylation, etc.) or chemical iractivation
or binding. At day 31, the gentamicin activity is 43§ and
37% of day 0 for the non-sterile and pre-sterile soil samp-
les respectively

Summary: Introduction into the Environment

Caiculations on drug excretion and introduction into the
¢environment based on normal poultry husbandry practices in-
dicate the level of gentamicin that could be found in soil
would be less than 0.3 ppb. Sivudies showed 98% of gentamicin
added to soil was adsorbed and less than 2% could be extracted.
Evidence of similar adsorption of gentamicin to a varistg gf
substances has been documented by other investigators.”»»




V. Effects

A. Acute and Chronic Toxicity Data in NADA '

1. Day-o0ld chicks were randomly divided into 4 groups. Each
group received a single 0.2 ml. subcutaneous injection
containing either 0, 0.2 (recommended dose), 1:0 or 10.0
mg./chick. Mortality, weight gain, feed conversion, serum
.chemistries, hematology, and gross and histopathology data
were recorded at various intervals during the study. '

Data showed the LD-50 was approximately 425 mg./kg. Mors
tality 'in the 0.2 and 1.0 mg. groups was less than in
.controls. Mortality increased and daily weight gain de-
creased in the 10 mg. group. Ko adverse effects were
noted in the 0.2 and 1.0 mg. groups. No differences were
observed in the serum chemlstrles, hematology, gross or
histopathology.

Day-old broiler chicks were randomly divided into 4 groups.
Each group received a single 0.2 ml. subcutancous injection
containing either 0, 0.2, 0.4, or 0.6 mg. gentamicin,
Individual bird weights were taken at one day of age and
weekly for 8 weeks. Body weights, feed consumption and
feed conversion were determined for each group. Data
showed gentamicin does not adversely affect weight gain,
fced consumption or feed :.onversion through 4, 5, and 8
weecks post injection. The study.was terminated at 8 weeks.

Ninety-six (96) Hour TC-50 for Bacteria Algae, and Fish
‘Species or Soil Organism Such as Eartnworms -

GARASOL Injection is recommended for one time use in day-old
chicks. It is not intended for continuous administration.
(In addition, it has been shown that although gentamicin is
partially excreted in an active form, it is degraded or in-
activated shortly after entering the soil). For these rea-
sons the above study is deemed unnccessary since gentam1c1n
will not come in contact with the cited organisms in an
active form.

Phytotoxicity to Plznts

See B above,

Scnlor Dlrector Anlmal Health Research
Animal Health Products
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In response to an inquiry by the Environmental Protection Agency concerning
the environmental impact of gentamicin following excretion from treated
animals, a series of studies was completed investigating the behavior of
gentamicin in soil.. The studies covered the following areas: availability,
antibacterial activity, and s:tability. Soil containing 647% sand, 167 silt,
and 20% clay was used in all studies. Detailed methodology may be obtained

from Notebook #8831, pp. 23-75.

I. Availability

The purpose of this study was to determine the extent of adsorption of genta-
rwicin to soil.

Design

Gentamicin sulfate (10,000 pg/ml working standard) was added to 5 gram soil
samples to vield the following concentrations: 1000, 500, and 250 ug/ml.

Five milliliters of 0.1 M PO, buffer pH 8.0 was added to each sample. The
samples were mixed on vortex mixer — maximum speed 0 then centrifuged for 15
minutes at 20,000 rpm. The final supernatant was assayed against a standard
gentaricin curve prepared in 0.1 ! PO, buffer. The concentrations of the

buffer curve vere: 0.64, 0.32, 0.16, 0.08, 0.04, 0,02, 0.01, O ug/ml. A
reference solution containing 0.05 ug/ml gentamicin was prepared in 0.1 M

PO; buffer pH 8.0 for use in the assay. ‘

Assay Method

The standard and unknowvm samples were assayed using a microbiologic
cvlinder plate procedure. The asscy organism was §. epidermidis ATCC 12228.
tiedia 11 (agar-special agar roble) was used for the 6 ml base layer and the
3 ml geed layer. The media was adjusted to pH 8.0 and inoculated with a
bulk suspersion of S. epidermidir ATCC 12228 (0.D. 0.6). Six stainless
steel cylinders were placed on thc agar at 602 intervals, Three alternate
cups were filled with standsrd ov unknown samples. The remaining cups were
filled with refercnce solution. Three 100 x 20 mm petri dishes were plated

per standard or unknowa sample.

The plates were incubated at 36°C overnight. The resulting zones of
inhibition were measured using & Fisher-Lilly Zence Reader. Means were con-
" puted for nine readings per scmple. The mean of the reference standard was
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used to correct the sample means for plate variation. The zone diameters (mm)
of the standard curve were plotted versus gentamicin concentration (uz/ml) onm
3 cycle semilog paper. The concentration in Mg/ml buffer of the unknown sam-
ples was read from the resulting curve. Percent recovery was calculated for
all unknown samples (Ug/ml recovered from homogenate/theoretical ug/wl of

homogenate). .
Results

The results for three separate trials were as follow:

Gentamicin (ug/gr)

1000 500 250

% recovered ’ 1.08 1.40 1.28
1.58 0.94 1.00

0.93 1.08 0.75

X 1.20 1.14 © 1,01

The mean percent recovered for the three concentrations (1000, 500 and 250

vg/pr) of gentamicin tested were 1.20, 1.14 and 1.0l respertively.

Between 1 and 2 percent of the initial arount of gentamicin was extractable
by routine procedures and biologically active using a nicrobiological bicassay .
tectnique. The results indicated that gentanicin was highly adsorbed (>96%)

to elements in the soil.

II. Antibacterial Activity

The purpoce of this study was to test "adsorbed" gentamicin for antibacterial
activity.

Desipgn

Soil samples containing 1000, 500, 250, 100, 50 and O pug/gr gentamicin vere
extracted and assayed using the proceduves previously described. DPercent
gentamicin recovered and perceat adsorbed were calculated using the assay

results,
The remaining soil pellets were astoclaved fer 3 minutes (media cycle).

One milliliter of a 24 hr. bulk suspension of S. enidermidis ATCC 12228
(approximately 10" colonies) was added to each sample. The sacples were
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In response to an inquiry by the Environmental Trotection Agency concerning
the environmental impaect of gentamicin f£ollowing excretion from treated
animals, a series of studies was completed investigating the behavior of
gentamicin in soil., The studiecs covered tlie following areas: availability,
antibacterial activity, and stability. Soil containing 647% sand, 167% silt,
and 207 clay was used in all studies. Detailed nethodology may be obtained

from Notebook #8831, pp. 23-75.

I. Availability

The purpose of this study was to determine the extent of adsorption of genta-
ricin to soil. '

Design

Gentanmicin sulfate (10,000 ug/ml working standard) was added to 5 gram soil
samples to yield the following concentrations: 1600, 500, and 250 ug/ml.
Five milliliters of 0.1 M PO, buffer pH 8.0 was added to each sarple. The
samples were mixed on vortex mixer -~ maxninum speed O then centrifuged for 15
minutes at 20,000 rpm. The final supernatant was assayed against a standard
gentaricin curve prepared in 6.1 M PO, buffer. The concentrations of the
buffer curve vere: 0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01, O ug/ml. A
reference solution containing 0.C5 ug/ml gentamicin was prepared in 0.1 M
PO; buffer pH 8.0 for use in the assay.

Assay Method

The standard and unknown samples were assayed using a microbiologic
cvlinder plate procedure. The assay organism was S. cpidermidis ATCC 12228,
ledia 11 (agar-special agar robvle) was used for the 6 ml base layer and the
3 nl gseed liyer. The media wis zdjusted to pil 8.0 and inoculated with a
bulk suspersion of S. cpiderwidis ATCC 12228 (0.D. 0. 6). Six stainrless
steel cylinders were placed oa the agar at 60 intervals. Three altermate
cups were filled with standard ov unknown sowples. The remaining cups were
filled with refercnce solution. 7Thrce 100 x 20 v petri dishes were plated

per standard or unknowa sample.

The plates were incubated at 36°C oves nig The resulting zoucs of
inhibition were measured using & Fisher-Lilly 7ﬂﬂL Reader. HMeans were com-
puted for nine readings per scmple. The mean of the reference standard was
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was adjusted to 507 of the soil moisture capacity. Five-gram samples were

prepared for assay using methods previously described, | Samples were assayed -
for gentamicin at 0, 4, 10, 20, and 31_days following the initjation of the e
study using the previously described microbiological assay procedure. lLon- oE
sterile soil samples only showad evidence of microbial activity during the

time span of the study.
Results

The results wvere as follow:

Gentamicin - 7 Recovered

_Day Non-Sterilized Soil Presterilized Soil
0 S 1.83 2.43
4 | 171 ) 1.67
10 1.61 , . 1,92
20 0.88 0.99 :
31 0.80 . 0.91

Thirty-one days following the initiation of the study, the non-sterilized and

. presterilized soil samples contained 43% and 377% respectively of the imitial

free gentamicin rccovered from the samples. The cause of the decrease in the
percent free gentamicin recovered was not determined due to the limitations

of the study. .

13

Summary.

Studies indicated that 98% or wore of an zpplied concentration of gentanicin
was immediately adsorbed to soil colloids.

The adsorbed gentamicin was not extractzble by routine assay techniques and
did not show evidence of antibacterial activity against highly scusitive
bacteria. Over a period of 31 days, the percent of free gentamicin recovered
frem non-sterilized and presterilized soil samples treated with gentanicin was
reduced by 43% and 37% respectively. g






