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AN OVERVIEW OF THE MAJOR
ANTIBIOTICS IN EQUINE
MEDICINEt
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* THE PENICILLINS '

The penicillins kill bacteria by robbing them of their cell walls, As illustrat-
ed in Fi 1, the normal bacterium lives inside s 1ough cell wall which pro-
tects it from osmotic rupture. The last step in the formation of this cell wall is
the opening of an alanine-alanine bond and its “‘cross™ linking with_special
gwpspnanadmmm to compiete the cell wall. The action of penicillin is
to specifically biock the enzyme which splits the alaninc-alanine bond and in
this way, block the final step in cell wall formation (Fig. 1).!

Penicillin blocks the enzyme which splits the alanine-alanine bond by
*“fooling™ the cross linking enzyme. It turns out that a portion of the penicillin

ecule {technically called the g lactam bond) looks just like the aianine.
2 bond (Fig. 2). The cross linking enzyme binds the penicillin molecule in
just the say way as it would bind the alanine-alanine bond, and then tries to
opm(mahungz?ndof&e icillin muh.’&chgm_?htmkingm:‘m
progresses about half-way cannot go any . The process
with the penicillin covalently and mevcrs:bﬁr“bound to the active site of?ﬁ:
cross linking enzyme. The cross linking enzyme has in fact “*biten off™ more
thanhmﬁmv‘ .lad.wiaq:upwiehantmlnw“awkmusmm"!
Siaeethepm:ciﬁmbmdsmu mthccrosshnhng;nzyme.theenzme
can no longer make bacterial cell I.Withomghelgroteﬂmonhu gh bac-
terizl ceil wall, the bacteria swell up, burst and die (Fig. 1).

Many of the clinical actions and efiects of penicillin in the horse relate di-
dmmctly to this mechanism of action. Penicillin is m:gnnd as a bactericidal

growing bacteria, it immediately stops further growth and then causes deat

all bacieria in the cufure {or { horse). On the otber hand, If an antibioi
simp! sed, further growth of the bacteria would

stop but bacterial death would not occur. Obviously, in a clinical siiuation, a

bactericidal is preferable to a bacteriostatic one, and penicillin is one of

the most potent bactericidal agents known,

Because penicillin only blocks formation of new ccll wall, it is primnrilm-
fective against * *" rapidly growing populations of bacteria. If the bac-
tevia arc "maure” and not forming new cell wall, penicillin is much less
geai:;.ﬂ This is also ?;;;qson why bmwaﬁc‘ drugs ;m hiu tr': ?cnons

in, because um{m-mu erial growth and thus the forma-
ﬁoguo‘f new cell wall, thereby ing the action of penicillin.*
"~ The tight ot “‘irreversible™ binding of penicillin to the cross linkin
enzyme m: l:rhmdpal reason for the mnea'icy and effectiveness of penicillin?

1Condensed from a fmhu-uin:’m entitled “Drugs and the Performance Horse,™ by
‘Thomas Tobin, 1o be published by C, C. Thoman and Company, Springfictd, IL 62717, 1980,
Publication No. 80 from the Kentuchy Fguine Drug Research and Tesiing Programs, Depary-
sment of Vererinary Science, Collepe of Agticuliure, University nf Kentmcky. published as
:aduw_:&y Agrictmmloirztp«im 'iu:tinn Arnticle No. 34;:&:& nmw.n:' of h:he Dean
Direcior, Collepe of Agriculture. Figures repwoaduced w povmivsion of the Jowrmal
-m"'m‘ff"‘”o.,,.“"i"""m crinnry Science, Collepe of Agriculsure, University of
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Unhke penicillin, most other antibiotics, and indeed most drugs, only bind 1o
heir receptors for a few seconds and then diffuse away from the receptor. With
mmcillm. however, the irreversible bmdmmuns that once the penicillin has
ked to the cross lmkm , it stays there. Because of this, only relatively
fiwdle pemcilhn isr 1o block the cross linking enzymes, thus penicillin is a
potent drug emcvemblc nature of the bmdm;alsommlstlmpemcil
!smofthcfewdrugnheblood levels of which can be allowed to drop,
matheﬁmgw: remain bound 10 the receptors. This practice is, however, not

tobe
Another clinical characteristic of penicillin which relates to its mechanism
of action is that it may be ineffective in certain areas of the body. Because peni-
cillin does not kill bacteria directly, but robs them of their cell it
for bacteria to *‘persist®’ without their cell walls in certain areas of the
areas are usually areas of high osmot ?mwremhslhchdng
and, possibty. cerain abscesses. Bacteria y * i protecs
therapy and then “re-infect™ the lnmmi when the dm
wuhdrawu n the fact of such “persmm". another type of antibiotic nwtﬁ to
be sclected for a good therapeutic effect.’

Potent and specific as penicillin is, however, bacteria are far from helpless
agamstit mdoneofthenmstuommonmu hods by which they fight back is
llmummumascwmmyme :plkspemcilhn.uwdlyuﬂw
ngbmd andnowadagbmmawmhpmdmpmkﬂkm ve & con-
ndmhteadvamagemdm increasingly comsnon. Their
can be a clinical hasmwmleddru;mpmiulodevebpmhl—
lins resistant to ¢ mmof:hmmzym

mpmeiﬂimw mnowanmpommpmo{memmm'smm i

all the penicillins, penicillin G or benzyl i the most

em most effective and cheapest of the penicillins. It is, therefore, all other
mt pest peni x

equal. the drug of choice from this ;roup However,
hasanumger galgr.smd 10 get around these disadvantages, the
semi-synthetic pmwllms were dcveloped

The semi-synihetic penicillins were

organisms were developed. , penicillin G s a

inaclive against Gram-negative organisms, so the spectrum ins
were dn:&ed which are active against both Gram-postive and Gum-nquwe B

In performing these modifications, the first step was to grow the basic peni-
cillin npugflem Enmc‘imure. different synthetic chemep : added to

- left hand portion of the molecule as shown in Figure mmm

cule is rown in a culture of the penicillium mold. and the other half is
synthetic, they are called the semi-synthetic penicillins. Because these changes
are modificatons of the ﬁg(em peniillin G molecule, the semi-synthetic peni-

dlunsmaluaspotenn iciltin G. It is a tribute to the grea: potency of
g:::cnllm molecuie that it &e: be manipulated so much and still remtn useful
erial activity.
Having selected the type of penicillins 1o administer, thcnmpmb!uuthat
the veterinurian faces is lopa%‘mtmster #. Penicillin G, the pemcaihn most

likely 10 be adminisiered, is available in three different dosa;e orms, as the
waicr-soluble sodium or potassium salts, as procaine peniillin and, less
commonly, as benzathine penicillin,

Since the sodium and potassium sats of penicillin are water-soluble, they

~ may be given intravenously or intramuscularly. When given by cither route, a
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more_expensive,
_penicillin G 1o act on the bacteria.

very high blood level of penicillin is achieved initially, but falls away rapidly
over the next 12 hours or so. This rapid fall in the blood level of peniciltin
occurs because as an organic acid, penicillin is pumped directly into the urine in
much the same way as furosemide is, This rapid decrease in the blood levels of
penicillin is a therapeutic problem, since it means that adequate blood levels of
penicillin are likely to be difficult to maintain (Fig. 3).

One solution to this problem of the rapid elimination of penicillinistoinject
the drug intramuscularly in a form in which it is only slowly absorbed. When
given this way, penicillin trickles into the bloodstream from its i.m. injection
site and, as long as it continues 1o do 5o, an adequate biood level of penicillin is
obtained. The p with this approach, however, is that very high blood
levels of penicillin are not achieved.

Procaine plfilﬁcmin is the most commonly used depot or slowly-absorbed
form of penicillin and, with this preparation, peniciflin levels in the ream
of above 22g./ml. are rarely reached. This is a marginal concentration of penj-
cillin to have in the bloodstream if the organism is in any way resistant 10 peni-
dilin, In sddition mum is not 2 particularly good penetrator into tissues,
bus_:%um‘?i‘ kvd;obt?nedafgle:hgem&nofm:du?? K+ peni
cillin will yield tissue levels of drug than may be expected after procaine

j .Tmﬁxifminfwhnkbwedinlmmcdﬁgennhnajo&m.
abscess or in the central nervous system, it may be better 1o give frequent large

doses of Na+ or K+ rather tha ivalent doses of i -
cillin 3). gmﬂy,;w?&ng‘m p'e'n?;:illllin is q\lmd;bg biog:\n o?:‘t:t:e
drug, i should never be given ntra as administration route
may cauise massive pulmonary embolism and death.’ .

Methacillin Is one of the principal penicillinase-resistant penicillins. This

s been modified 80 thit wha s is sacked b i o oecains. This

o L Tl e o oo, ik o3 posent 1hae pesclin &
o uce the same ant eifect.

the other hand, since methacillin acts 10 block i there is no reason

that one cannot combine penicillin G, which is with methacillin, which is

pensive, but which will block any penicillinase present and aliow

Until the relatively recent development of the broad icillins,
the i mwmmwmmﬁmmﬁs,wgh
mmduw%m r, the lirst of the broad rum penicilins
was uced into medicine. While ampicillin is hali as potent a5 peni-
cillin G sgainst Gram-positive organisms, it is up to 10 times more potent than
penicillin G mwasﬁnm-ncﬁivc organisms. One point 10 remember
abonlma in, however, is that Lhe ampicillin sodium gives much better
blood of ampicillin than ampicillin trihydrate and is thus likely to give

better clinical results.

Amaxicillin is a recently introduced broad spectrum peniciflin which seems
to be more bio-available than the other broad spectrum penicillins. When
other broad spectrum pemm%im As well as gwir% .
8ppears to penetrate bacteria more rapidly and thus lead to more rapid
bacterial death than with other broad spectrum agents.

As pointed out earlier, penicillin is essentia Ilalnon-loxig in the horse. About
the on.ly direcy toxicity associated with penicillin is its ability 10 cause convul-
sions if given in very high doses, and 10 my knowledge, this problem has never
been reported in the horse. A much maore likely problem is cation 1oxicity, for if
doses of potassium penicillin are given i.v., the added potassium ion may
ress the heast. All other things being equal, therelore, the sodium salt is the
penicillin of choice for intravenous use. Occasionally, when large doses of

procaine penicillin are given, horses may go through an acute excitement

© administered systemically, blood levels may be obtained than with the
e Ily 4 benter blood levels, it
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response. A similar sequence 15 occasionally seen in man, and its cause remains
unclear. Finally, as with any dr. alletf'y or hypersensitivity problems may be
%&!I;‘Mh? ol this 1s hig By the A llinsrthmwuhmhcrdgs

, the major problem with ¢ cilhos in ormance horses
ability of the procaine in procaine pcnmn to turn 3;' in horse urine for upto
two weeks afier a dose of penicillin procaine, giving fise 1o “madvertuu Pposi-
tives due 10 procaine (Fig. 4).*

‘When it comes to usm%:hcpemctlhm in an individual case, lt should be re-
membered thai penicillin G is the least expensive and most potent of all the
penicillins. Further, because the penicillins are essentially non-loxic, there is no
reason (o restrict the dose since it is difTicult to overdose with the penicillins.
Currently, doses of 5r.tros:mm: penicillin administered intramuscularly 10 human
beings range up 10 5 million umts. which mum therefore be considered a very
vonservative dose for a horse. It is nnpommwmmnber than high plas-
malevdsoldmga:dﬂwdif wg{'&cmcium into infected areas and in an
acuie situation my o be for freqaem highdosuof sodium

penicillin rather ¢ Iess fmuem doses of procaine
If the microorganism the problem ::cmum»pmdudn& methi-
hcu:sﬁ Fuﬁ'desage edules of these agents should
and it is proba vamageous to combine these drugs with penicillin

gﬁnmamﬂa‘llm may
G since these d Hinase and will thereb ect the
more potent peni mGl‘romhydmrg!yps;Tandmawimm. s

Among the br rum agents, ampicillin ot r to be
the drugs or choice wit ﬁf.f' 1o beuer m%
more rapid act t‘arbemczl!m is the '? _sm

infections, nmuy in combination wuh gentamicin, thc most e!'feawe antibi-
otic of the aminoglycoside group.
GENTAMICIN AND THE AMINOGLYCOSIDES
Genmamicin is currently the most im member of the
y portant %I;BHOS’M

"_fﬁwm of amibnotm. of wmch st omycm was the first

of sireptomycin in 1944 was followed by neomycin (1949), kana-
mycin (1957), gentamicin (1963) and others. As a group, these agents are
known as the a ycoside antibiotics, and they ¢ in common & large
number of plnmm;ml and therapeutic propertics. .
The characeristic which completely dominates the phar %yof this
fam of amibtoms is their high walerwiuh!uymd low lipid-solubility. Even
wﬁpmm of the siructure of gentamicin (Fig. 5) shows it 10 contain
mtnyO xznandNngoups These groups interact well with water

he net result is that sireptomycin, gentamicin and the other members of

|lus fumly cross the lipid outer membrane of cells mth dafﬁcuhy They.are .

therefore all poorly a afice oral adminisiration and are distributed
poortly in the body even if given by i :mecuon £ross imo the brain with ex-
treme difficult ter the eye poorly and ve irouble getting into red

{eydo noi enter liver cells, theymnot metal to any sig-
mﬁcanl exu:m and are not excreied in the bile. They are cherefore excreted
largely unchanged by the kidneys, and since they are concentrated by the renal
concentrating mechanisms, they arc found in high concentrations in urine. Be-
cause of mc many characteristics that this gtou'p of drugs have in common, the
pharmacology of gentamicin will be presented first and then compared with the
others of the group.

Like all members of this group, gcmammn is poorly absorbed {rom the in-
testinal tract and acis essentially only on the intestinal tract after oral adminis-
tration. For systemic action, fcmamu:m must be given parenterally, usually by
intramuscular injection. Although well absorbed after i.m. injection,
gentamicin is not dssmbuted pan'cularly well in the body and cmers the brain
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’ and .h:oeaft oniy with difficuliy. Good levels which compare well wih those in
the bl are found in the peritoneal Muid but levels in joint cavities and
synovial fluid 1end to be much lower.

As a highly water-soluble molccule. geruamu:m is excreted through the kid-

l ney and has lmlc or no tendency absorbed from the renal tubules. Its

plasma half-life is therefore in the ordct of about 2-3 hours, as is the case for all

' the antibiotics of this group. They must therefore be given at frequent intervals
to maintain effective levels.

Blood levels of about 4 ug./ml. are usually considered to be the minimum
desirable levels in the horse, and Fig. 6 shows that dosing every six hours i :s re—
quired to approach this goa! When gentamicin is given at arate of 3.3 m gau gz
i.m., peak %lood levels of abou 8 xg./ml. are obtained, dropping 10 about
yg./ml a1 six hours. If the dose is increased 10 4.4 mg./1b., the b!ood level
is about 15 "tlml , dropping to about 3 ug./ml. after six hours. Dosing every
' « 5iXx hours wit gemammn is required, therefore, (0 maintain minimal blood
' Jevels of this drug.’

Gentamicin and the other members of this group are generally considered
!_ so be bactencidﬂ drugs, aithough at low d nge concentrations or in the presence
! vd?r resistant organisms, they may oﬂly bactemsmn As far as is
bmdmg ‘”n&i""“"“im L lbl t pm mwot effeum;“by
speu reversibly, toa o ein Synt

mndaaegm .‘u calley 30S ribosomal sub-unit. In susceptible
huem drugs lead to the symhests by the bmmum of what are called
! *‘non-sense” proteins, Le. “enzymes"" without catalytic activity, or
. prot Mdomﬁunywhmmthebwmum This genta-
m-indumd inability of the bacterium 10 synthesize the functional proteins it
leads to death of the bacterium and accounts for the bactericidal

action of gentamicin and the other members of this group.*

All the aminoglycoside antibiotics are active principa Gnm—nep
W m«mm amicin is the drug of first d\oice:%mamiafeum

1 dmtooneoflhmwhmpect maummonm

. excreted unchanged in the hcymam high concentrat ﬂ::f

v be very effective un.win\a:'hy“e fections. Further, if the uﬁneisdkalme. :he

o mibmaiﬂaﬁwity of xsmybesu antially increased. As men-
tioned earlier, the howc for Pseudomonas infections which can

be very difficult 1o treat, is a combination of carbenicillin and

Y et

"'; ' wm'afgui'ian incom: sl 50 ¢ :'neyslmldb:m ummw

i 50 1 m

: :}: _ . solution, nlheywmimctwugmmh other.'
v &repwm kwwnvdyuwdlhneinequmeme&m&.bmm
.:- always as m of a penicillin-streptomycin combination. The principal problem
« with ureptmnycin MM resistance to it is both relatively common and occurs
N m its usefuiness. Like the other gn:mbm i:t; .::n;
: is relatively ra and should be given
:_d ¢ gup “m y d:gnmeof its rapid excretion there is fittle
d ‘ dsnsu of cumulation nf ﬂns dtug if renal function is notmal but if renal func-
Cd- ‘ tion is impaired, high blood levels of streptomycin and toxicity can readily
he : xamyciniuhemzdmost:ffecﬁvedm in this groun, but is less sctive |
he _ ‘ and more toxic than gentamicin. lts plasma hal -{tl‘cmehmclymoﬂ with an

hﬂ;ﬁfe la::tfl.s hours, which makes it d;r acg:é(m tg mu}gm
levds. night in California, suggests a dosage rate of @ %
N Neomycin is related 1o kanamycin but is even more toxic, which
. limits its usefulness. In human medicine it is rarely used systemically because of
m its 1oxicity. Neomyein is principally used, therefore, asuapnl preparation for
‘ — 495 —
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infections of the eyes, ears and skin, and 1o “sterilize” the bowel prior to
“":.,.‘,ﬁ:m‘ g e ngomed e ”‘ééu”&““m‘“““’b'“““;‘éﬁ“.;%
in ment o ul is
icacy in such therapy remains 10 be
inomycin is an aminocyclitol antibiotic mher thanan
sm its actions and toxicity differ substantially from thou ofa typnui
!tislmamveonamohrbunﬂunﬂmgmupefdm?
mrmmmmdomemuofup:owmukp ¥‘ t has
wamdmthehomwuhgoodmnhsum-mmmmfusimmt ¢ treat-
ment of mixed uterine infections and infections due to Kicbsiella. When admin-
mmdlmhuw:‘r thedoscformaduhhomiubomzmsc:m.ofsmmo-
mycin in a 500 ml. volume, daily for three to four days. Because spectinom
kwmaw&wg%ymdqnanbemdinhlgbdomwﬂwmtmofmms
cighth nerve damage or renal toxicity. Adverse reactions reponed in man
include dixziness, vertigo, malaise anorexia. Spectingomycin may also be
mmwhm:ummmmmmmm oritsuse
by this route in the horse are now being worked out

While a number o mmhoﬂyemﬁemhmuhaumhbmdwdop—
«d, these, with the possible exceprion of amikacin and spectinomycin, have at
Mmmmlyappamadummmmmm
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COMMLETE NIT«LIRK TLLL WALL NOY CROSS
CELL WALL = JACTERwWM g0 TYOMLASM TOweLLS®

THROUEN INCOMPLETE Wiy
DEATH occunt S 10
OSNOTIC MUFTURE .

Counesy of The Journal uf Equine Medicine and Surgery,

Fig. 1: Bactericidal Action of Penicillin.

The last step In bacterial cell wall synthesis &5 the opening of an -
sianine-alsnine bond at (1) and the nking of the remaining alanine
{0 » giycine on the next strand. This cross-linking (2) completes the
cell wall which protects the bacteriom from osmaotic supture. In the
presence of penicillin, the cross-linking enzyme attacks and sttempis
o open the g-lactam bond of the penicillin molecule. Peniciliin binds
covalently to the active site on the enzyme (Pen—B), blocking s
action with the result thal the cell wall is not cross-linked the
bacterium Is not protecied against esmatic shock. Bacterial death,
wthen I: cmr;:un. Is due to osmotic rupture and not to any direct action
of penicillin.
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'SEMISYNTHETIC
 SUBSTITUENTS

30,

ACID AND
PENICILLINASE
RESISTANCE

PENICILLIN G.

8 LACTAM BOND

®

PHARMACOLOGICAL
ACTIVITY

Courntesy of The Journal of Equine Medicine and Surgery,

~ Fig. 2: Structure and Activity of Peaiciilin G.

The antibacterial activity of penlcillin resides in the CN S-lactam
bond (2) which Is attacked by, but blocks, the bsacterial *“‘cross-
linking"* enzyme. This lactam bond is sensitive to acidic or penicilli-
nase hydrolysis. Alterations st (1) on the penicitlin molecule give rise
10 the semi-synthetic penicilling which can be acid stadle (oxacillia),
penicillinasc-resistant (methicillin) or broad spectrum {ampicillin),
In crystalfine penicillins, the H at (3) is substituted for by Na+ or
K + , which gives rise to highly water soluble compounds suitable for
intravenous administration. If procaine is substituted for these jons,
s slowly dissolving crysial is formed which s » useful intramuscular
depot preparation of penicillin.
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PLASMA PENICILLIN , pg 7 ml

PLASMA LEVELS OF PENICILLIN AFTER
SODIUM PENICILLIN & PROCAINE PENICILLIN

. T Y T T T BN s maw e gt e |
) 2 MILLION UNITS JEMS. 3259197
40.0 /(“ @l DOSES CALCULATED AS | -
FOR 1000 Ib. KORSE.
100} N
40} =
. . -OSESISTANT-—
O rualion S 3.5 MLLIOY £V, GANISIS -
oA} UMTS NN .
/&‘ O M‘ WLLION UNITS
OCAINE, PENIC -l
O.I 5 f—é -3_ .-,'/-g wd
004} 5.8 MILLION UNITS P~ botoet potig
r— 1 2 A e poibnd

0 2 4 6 8 W R’ 4 4 M
HOURS AFTER DOSING

Courtesy of The Journal of Equine Mcdicine end Surgery.

Fig. 3: Plasma Levels of Penicillin sfter Sodium Peniciilia L.v. or Lm. and

Procaine Penicillia.

The data show the different rates of ahsorption and elimination
of peniciliin when sdministered in different forms. The open circles
{o-0) show plasma levels of penicillin after about 13.5 miilion units
of sodium penicillin Lv., while the solid triangles (4-4) show plasma
levels after abont the same dose was given i.m. In bath cuses, peak
piasma levels of the drug of about 40 ug./ml. were oblained but
which decayed rapidly. If the w was piven intramuscularly as
procaine penicillin, however, 100-fold lewer blond levels of drug

. were obtalned initially but these lower levels declined much more

stowly and small blood levels of penicillin were still observed 72
hours after dosing.
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NANOGRAMS PROCAINE / mi.

20000 ~ PLASMA AND URINARY PROCA

L 1 v v i 1 L] T L) T T L) 1
INE
AFTER PROCAINE PENICILLIN I/M

o 2 4 6 8 - 10 r
DAYS POST PROCAINE PENICILLIN

Courtesy of The Journal of Equine Medicing and Surgery.

Fig. 4: Plasma and Urinary Concentrations of Procaine after Iatramuscular

Adainistration of Procsine Penicillin.

The open circles (0-0) show plasma concentrations ol procaine
after the fntramusculur administration of 33,000 1.U./kg. of
procaine penicillin to Thoroughbred horses. The solid squares (nn)
show urinary concentrations of procsine {n these experiments. All
dats poinis are means + of experiments on Tour different horses.




GENTAMICIN

" Courtesy of The Journal of Equine Medicine snd Surgery.

Fig. 5: Structure of Gentamicin. ‘
The farge number of OH snd NH groups on Wm‘dﬂ

solecule render it highly water-soluble and poorty 1) uble,




CONCENTRATION OF GENTAMICIN IN THE SERUM &
PERITONEAL FLUID IN MULTIPLE DOSE TRIALS

s——=5ERUM
~——PERITONEAL FLUID

DOSE=3.3mg/Kg 0.1.D.

o o
¥ 1 §

GENTAMICIN, pg/ml
o

N

4
T

Lt s 1 . 1 . ) SEPRES NPE | i PV |

06 8 1 12 u 1618202224
TIME, hours

Courtesy of m:wﬂmnummw&nm

Fig. &&J?hmﬁou of Genumlch in the Serum and Peritoneal Fluid ia

The dashed llue (--) shows serum levels of rumn!cla after
dosing with 3.3 mg./kg. of fmumidn every six oun. while the
solid lines show pertloaul fla




