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Pharmacology Review:
The Corticosteroids

Thomas Tobia, D.V.M., Ph.D.

Kentucky Equine Drug Research Program, De-
partment of Veterinary Science, College of Agricul-
ture, University of Kentucky, Lexington, KY 40506.

The physiclogical importance of the adrenal cor-
tex was recognized over 100 years ago, and by the
1930s crude adrenal extracts were being used in
human medicine. Over the next 20 years, the synthe-
sis and chemical’ structures of the major natural and
MMWWMth
their pharmacology and therapeutics worked out. To-
dw.&ndeuﬂmMMmbe
divided into three main groups based on thelr phar-

characteristics. The first and most impor-

corticosteroids are those with which the equine prac-
Stioner is primarily fnvolved, this review will be de-
voted 1o those actions of the corticosteroids. Table 1

TABLE 1
Relative potgncy of corticosterokds.
Sodium Anti-inflammatory
retention offect
Natural Sterolds:
Contisol 1 1
Corticosterons 15 0.3
Synthetic Steroids:
Prednisclone 0.8 4
Dexamethasone 0 25
Flumethasone 0 700

shows the relative ant-inflammatory etfectiveness of
some natural and synthetic corticosteroids and how
effective the selection, for anti-inflammatory action
among the synthetic glucocorticoids, has been.

Plasma Level and Coatrol

Cortisol and corticosterone are the principal
glucocorticoids found in equine plasma, at levels of
about 70 ng/mi, and 5 ng/ml, respectively.* Their rate
of secretion in the horse is not known, but is probably
comparable with the 0.5 to 1 mg/kg/day secreted by
the dog and human. Secretion of cortisol by the
adrenal cortex is under direct control of the adreno-
corticotropic hormone (ACTH) of the anterior pitul-
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Figuse 1. Efiact of ACTH on plasma carties] in the horee. The
solid cleches {© - 2) sheow plasmn bevels of cssdnol belms end after
tnizamusculer injoction of 200 snits of ACTH gel in a pony
{edagiod fem Sovesn®).

The rate of release of ACTH from the pituitary Is

influenced by a number of factors: exsrcise, stress,

surgety, cold exposuse, eic. The most

control on natural ACTH releass, however,
is feadback inhibiion by high plasma levels of cortisol
or its synthetic analogues. This gives rise 1o the major
problem with prolonged corticosteroid therapy, which
is “Seedback inhibition” of ACTH releass, resulting in

veduced sdrenal cortex function and finally in atraphy

of the adrenal cortex. i corticosterold therapy is
abrupdly terminated, the animal is left with reduced or

no natural corticosteroids which can be fitel* In a

milder form this may cause the “tuming out” syn-
drome, which is seen when horses are “tutned out”
afier a racing season during which they received large
doses of corticosterolds. These horses tend 10 be un-
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RNA (mRNA)." This mRNA migrates out of the nuc-
hs,&adsbﬂnlbmmdﬂmmchmw
Protein synthesis, which vedirects the function of the
cells involved. Thus, the initial action of sl stercid
MBWMMWMM
subsequent actions of thess proteins may lead 1o cellu-
far brealdown or death.*

Figure 2. M-dll;ﬂdhuld.'hd.wtn
Mm*hw*uuﬂm
-‘Mhhdﬁ:mﬂlmw

complex
actions of this group of drugs. The glucocorticoids
cause a breakdown {catabolism) of muscle protein and
thus an increase in blood levels of amino acids and
iumedtﬂhﬂond‘memwdsbyﬂ\elm.

*Gabal, A. A, porsonal communiontion, The Ohlo State Usiversiyy.

hmmﬂniver.mgyoogmkluddoumuﬂ
glucose synthesized and released into the blood-
M‘Bmmﬂnpaﬂmduthﬂondﬁtmis
ahoredmed,bbodyumselev*lisenpﬂy.pﬁ;g
at about 24 hours after a dose of flupredniscione ace-
tate in cattle.

For all corticosteroids and their derivatives studied
to date, it has proved iImpossible to separate the effects
on protein and carbohydrate metabolism from the
mﬂ-lnﬂulmyeﬁedsofﬂmdmg k therefore
m%ﬂm&ecﬁectsonhhnmdluymbo-
lism and inflammatory reactions are different facets of
the same fundamental processes.*

While low levels of the corticosteroids are re-

Quired fo allow adrenergic lipolysis, high levels of cor-
WM:WMMdM
Humans

sterolds accumulate fat around the face (“moon-
face™) and on the back of the neck {“buffalo
hump" ).¢ Whether or not a special pattem of fat redis-
trfoution in response to the corticosteroids occurs in
the horse has not been reported.

The Blood Picture

WWMWMMN
the blood picture, producing what Is called the
Wmmmam
eosinophils (Figure 3), lymphocytes, and basophils
declines abruptly. On the other hand, the number of
polymorphonudiear leukocytes in the blood fs in-

por mm? blood
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Figure 3. Effact of ACTH om sosinophil count in the horse. The
open circles show the blood
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this effect which leads to the use of glucocorticoids in
certain types of iymphoma.

tion and cicatrization. The precise mechanisms of
these effects are not well understood, but the corticos-
teroids produce these effects quite independent of the
type of agent which elicits the response. The effect is
therefore a suppression of the tissue response to
trauma rather than any direct antagonism of the causa-
tive agent

Because the antl-inflammatory effect simply sup-
presses tissue response, treatment with corticosteroids
in no way neutralizes or removes a primary cause, but
merely suppresses clinical signs of the disease. This
suppression of clinical signs is the most dangerous as-
pect of corticosteroid therapy. A patient with severe
bacterial pneumonia treated with corticosteroids may
appear 10 improve, and an inllamed joint injected with
corticosieroids will appear normal, and the horse will
be improved or go sound. In truth, however, both
conditions progress at at least the same rate as they
would have in the absence of corticosteroids, and col-
lapse, when it does occur, is sudden and without wam-
ing. This aspect of the action of the corticosteroiis has
given rise to the grim comment that “a patient on
corticostercids can walk all the way 10 the aulopey
room.” Similady, a horse can wear a joint surface right
down to the bone by running on a glucocoricoid-
Injected joint.

Therapeutic Uses of Corticosteroids

Two main guidelines have been developed cover-
ing use of the corticosteroids which should be kept in
mind when these dsugs are used: (1) a single large
dose of a corticostercid, or even therapy for a few
days, is uniikely 10 produce havmiul effects; (2) pro-
longed corticosterold therapy, 1o the extent that the

dose excesds substitution therapy, can produce poten-
Haly W.M especially i therapy is abrupdy

These rules lead t0 the principle that long-tem

Because of the abillisy of glucocarticoids o sup-
press the immune responss, they should be used with
great care in the presence of bacterial or visal infec-
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giving rise to fulminating infection. It is difficult, there-
mmmmmmdm
under these conditions,

Systemic corticosteroids were once widely used in
the therapy of shock, but their efficacy in this situation
is not clear. The evidence now suggests that their use
should be limited to endotoxic shock. and there is
goodaﬁdaubamdnkusehaﬂmm
in the horse. Another clear-cut use for systemic
glucocorticoids is in treatment of cerebral edema
Mdﬂfdmd&mdﬂmwhm

Local Corticosteroids

ﬂum“whwm
trations In inflamed tissues, and their anti-
inflammatory action depends directly on their concen-
mmwﬂdhﬂ.mmm
lﬂnmmmdawydmbd
anti-inflammatory effect Local injection of corticos-
Mmm'ﬁmdum.orwmmdw
goodﬂddpdnandmdhnm;hm
with their actions on

mmwmhsdmammm
sible incapacitation of the animal for use even as
breeding stock.

In a careful experimental study of the effects of
Intra-articular steroids on carpal chip fractures,
Meagher” found much more rapid deterioration of
joints injected with corticosteroids than

lameness and swelling than untreated joints, the heal-
ing process was delayed in the injecied joints, In the
Mecudmﬂmmmmmmnh
ﬂummuﬂmw\gmm
mmuwmm.m.&w
dmmmmmmm-adm
tion of new bone, there was demineralization at the
fracture site combined with a perfarticular fibrocartil-
age bulldup around the injected joint. This sype of _
response gives rise to the typical *“productive-
destructive™ lesions characteristic of corticosteroid in-
jected joints.*

hﬂnmmdﬂﬁﬁdyﬂndbhc-
tures were removed from both the injected and unin-
jecied joints after the course of sterold therapy. Thir-
teen days after surgery, all of the corticosteroid-
Injected joints were hot, swollen, and painful, while no
mmmldhﬂnwmmw
entibiotic therapy was commenced, and the infections
were controlled. This sequel is consistent with the ac-
mdwbmhunmb
mmmumdmam
on fissues recently exposed o corticosterolds.

steroids, however, were considered useful in soft tissue
md-mu.mduummu
should follow treatment. These authors also conckaded
that surgery on a corticosteroid-injected joint should
not occur for at least eight weeks after the Jast treat-
ment with corticosteroids.

In a somewhat less rigorous study on the intra-
articular use of steroids in racing Thoroughbreds,
McKay and Miine® reported on a series of 22 horses
trended intra-articulary with corticostercids. Undort-
nalely, these authors falled 10 detall the clinical cond-
mmwm«mma«-
ticosteroids in these horses. Of the 22 horses treated,
six showed radiographic evidence of deterioration in
the joint subsequent 1o the initial axm-
nation, but in only one horse were signs of diminished
joint-space and “‘productive-destructive™ lesions on
the lateral aspects of the joint seen. While these lesions
were considered pathognomic for intra-articuler cor-
ficoskerold injection, changes in the other six joints
mwummumm
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sion of joint disease. The remainisig 16 horses showed
no radiographic evidence of deterioration. The authors
interpreted these results to support a role for the care-
Mmdhldidowuseofhlra»arﬁwlmwticosteroidsin
racing horses.

In a detailed laboratory study of the effect of
intra-articular glucocorucoids, Behiens et al. * observed
gross and microscopic datiiage to articular cartilage
after 12 weekly injections of hydrocortisone. In these
animals the non-weight-bearing surfaces were not dis-
WMWMMNM—
burh\gwdacesofthefanurandﬂbhlplmaus
showed multiple yellowish lesions in 50% of the
animals.

Mobservaﬂomledﬁwmﬁmbma
mdmmhmmhmb

) Reduced Articular Carti
(llhtrhmh el

(2) Reduced Protecglycen Content
fg’)mmmmcf
HIGH LoD
(O)mizl-dnﬂ
O LKD) {b) Chondrolyte Death
ottt () e At e
:-.*4. Propased changes in joint cartilage afier lntre-

Local corticosteroid injections have also been
medhﬂwmumtdbmuedmdamﬁgur\,hw
m,ptdomedrestlsmqmedbkmsmmplm
Mgapodﬂe.mﬂnhdﬂmhm
maybokve:ygoodwiﬂ:hafewwuh.heumh-

tion %0 race the horse should be avoided, and the
hmdmﬁnmbewbdammhmm
months.

Adverse Responses to the Corticosteroids

mmebM
mﬁmMMbmﬂ\ehﬂmmamy
mmmwbany.mmm
mmbiﬁmuhmdwm
tion, usually an eye or a joint. In the eye, local cortico- -
md'Mmuthmdbm-
dﬂ,*ﬂahﬁhuuﬂmhh%
starolds should not be used in the teatment of lacera-
MGMdhmud\qdﬁyhﬂum
promote the spread of infection. Surgery in
Wmh&omm
healing is delayed, the would may open, and resis-
mdumumumm
Moumﬂmtopmonwm
s«uuumwmuwm-
tion o avoid these compiications.

memmwh
hwdaqluthhu“opmbm
hmimdhwdmdwddsm
routinely used 10 render animals

andaﬁnphydhadmﬂouiumu&nwd
wumuummmw

Ibermistendly
Mmmdmmm
MM&““&MMM
ummammmm
hummmmumb
stimulate and maintain the function of the adrenal
cortex.

actions. The
plaamns haif-iives of all the adrenal stercids are sela-
Ivdydutum-\mmu&hcw
ﬁsddlbmnmnmlamtgduuldm-
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ﬂuepe!iodsforuhd:ﬂmedmgsmlikdyto
tum up in urine vary. ACTH disappears rapidiy from
the plasma in man, and does not appear in the urine.
ﬂusmmdmmwabom
in the horse. The most detailed studies on the “clear-
ance times” of corticosterolds in the horse were pub-
lished by Chapman and his co-workers? Using a
(RIA} technique, these workers de-
mmbmddmﬂwhmbrl%hmmaﬂah-
tramuscular (IM) administration of about 20 mg of a
long-acting dexamethasone preparation. Similarly,
depot preparations of flumethazone were detected for
up to 90 hours after 10 mg doses IM. Most other ste-
Told prepazations tested by these workers were not
detected for longer than about 48 hours. Racing
dmmuumsum.mm
less sengitive thin layer chromatographic (TLC) screen-
ing fechniques for the corticosteroids, and general ex-
perience in Kentucky suggests that corticosteroids
sarely “show up” in TLC systems for moee than 24
hours after dosing. Similarly, in one experiment where
Chapman et ol.? gave dexamethasone 21-sodium
phosphate intra-articularly, i was detected in urine by
RIA for only 24 hours, the same period for which it
was detected after IM injection. On the other hand,
however, Moss and Rylance® found prednisolone and

its metabolites in equine urine for up to three days
sfter its IM administration as the trimethylacetate, Of
particular forensic interest was one instance in which
excretion did not start for two days after the drug was
administered and then continued for three more days
which led fo the suggestion that the drug had inadver-
tently been injected into fatty tissue which delayed
both its absorption and excretion by 48 hours.

on the metabolism of dexamethasone in the horse
showed that about 1% of an intravenous dose was
excreted unchanged in the urine in the first 12 hours,
with about 4% of the dose eliminated as the
Ghucuronide or etheral sulfate_ in the first 24 hours,
about 44% of the administered wes ex-
creted, with a further 13% up to 60 hours. The same

istration in ponies, Moss and Rylance® reported detec-
mdmwm-dﬂﬂm-
tive 11-deoxycortisol. Administration of prednisolone
gave essentially the same metabolite patiern as did
prednisone, with urinary excretion of the drug and its
metabolites being complete within three days.
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