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ABS TRACT

This is the first flu tica sone propia nato (FP) long- term study in
Re cur rent Air ways Ob struc tion (RAO)-aged horses (Equus
ferus cab al lus) that com pare Flu tica sone Propi on ate (FP) treat-
ment regi mens, as well as FP treat ment vs. en vi ron mental con-
trol, over Hy po thala mus Pi tui tary ad re nal (HPA) axis, its re-
versi bil ity and cor ti sol sup pres sion clini cal con se quences. The
goal was to follow- up RAO clini cal signs and cor ti sol lev els in
aged RAO- horses treated with FP. Eleven horses were sta bled
in moldy- dusty con di tions to cause RAO dis ease. Once they
were RAO symp to matic, they were di vided in two groups:
RAO- FP (treat ment group) that were kept over hay/straw and
RAO- control (non- treatment) that were kept over pel lets/wood
shav ings by six months. Af ter that, all the horses were kept on
the pad dock and pas ture. FP (Flovant HFA®) 2000µg
B.I.D.(twice- a- day) dur ing six months and 2000µg S.I.D.
(once- a- day) dur ing other five months was given us ing Aero-
mask®. Clini cal res pi ra tory signs (CRS) were also re corded
(na sal flar ing and ab domi nal move ment). Cor ti sol was meas-
ured us ing com mer cial chemi lu mi nes cence (CEIA) kit (Im mu-
lite 1000®, Sie mens) -12, -10 d be fore and 7, 28,
80,160,200,250,290, 320 d af ter treat ment. Cor ti sol was used
as sys temic bio marker in de ter min ing any po ten tial sup pres-
sion and gen eral ef fect re lated to FP treat ment. FP 2000µg
B.I.D. was as so ci ated with a de crease in blood cor ti sol lev els
on 28, 80 and 160 d in RAO- horses, how ever cor ti sol lev els re-
turns simi lar to base line val ues, as well as simi lar to cor ti sol

val ues in RAO- control horses when same FP dose was given
just S.I.D. These re sults sug gest that long- term 2000µg/horse
B.I.D. in haled FP treat ment sup presses en doge nous cor ti sol
through its ac tion over the hy po tha lamic–pi tui tary–ad re nal
(HPA) axis. Cor ti sol sup pres sion with FP 2000 µg/horse
B.I.D., may have dele te ri ous ef fects if sup pres sion is main-
tained for more than six months in those aged horses,prov ing
that FP dose should be ad justed and com bined with en vi ron-
mental man age ment, ac cord ing to clini cal signs im prove ment.

Keywords: RAO, cor ti sol, flu tica sone, HPA dys regu la tion,
heaves.

RE SU MEN

Este es el pri mer es tu dio clí ni co con tro la do en ca ba llos vie jos
(Equus fe rus ca ba llus) con asma (RAO) que com pa ra di fe ren-
tes re gí me nes de tra ta mien to de pro pio na to de flu ti ca so na
(FP), así como tam bién el tra ta mien to de FP ver sus el con trol
del am bien te, so bre el eje hi po tá la mo- hi pó fi sis- a dre nal (HHA),
su re ver si bi li dad y las con se cuen cias clí ni cas de la su pre sión.
El ob je ti vo fue ha cer un se gui mien to de los sig nos clí ni cos del
asma y ni ve les de cor ti sol de los ca ba llos tra ta dos con FP.
Los ca ba llos fue ron es ta bu la dos en un am bien te con con di cio-
nes moho sas para cau sar el asma, una vez que los ca ba llos
fue ron sin to má ti cos, fue ron di vi di dos en dos gru pos: RAO- FP
(gru po asma con tra ta mien to) que fue ron man te ni dos en
heno/paja y un gru po RAO- con trol (gru po asma sin tra ta mien-
to) que fue man te ni do so bre al fal fa pe le ti za da/vi ru ta de ma de-
ra por seis me ses. Des pués de este pe rio do, to dos los ca ba-
llos fue ron pues tos en el co rral y po tre ro. FP (Flo vant HFA®)
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2000µg B.I.D. (dos ve ces al día (d)) du ran te seis me ses y
2000µg S.I.D. (una vez al día) du ran te otros cin co me ses, fue
ad mi nis tra do usan do Ae ro mask®. Los sig nos clí ni cos res pi ra-
to rios (CRS) fue ron tam bién re gis tra dos (pre sen cia o no de
res pi ra ción ab do mi nal y di la ta ción o no de ori fi cios na sa les).
Cor ti sol fue me di do usan do un kit co mer cial de qui mio lu mi nis-
cen cia (CEIA) (In mu li te 1000®, Siem mens. Ca na da) -12,-10 d
an tes y 7; 28; 80; 160; 200; 250; 290 y 320 d des pués de em-
pe za do el tra ta mien to. El cor ti sol fue usa do como un bio mar-
ca dor para de ter mi nar cual quier po ten cial de su pre sión y efec-
to sis té mi co re la cio na do con el FP. FP 2000 µg dos ve ces al d
fue aso cia do con una re duc ción de los ni ve les de cor ti sol los d
28; 80 y 160, en ca ba llos con obs truc ción re cu rren te de las
vías aé reas tra ta dos con FP; sin em bar go, los ni ve les de cor ti-
sol re tor na ron a los va lo res nor ma les de base, como tam bién a
va lo res si mi la res a los va lo res de cor ti sol de los ca ba llos con-
trol cuan do el FP fue ad mi nis tra do solo una vez al d. Es tos re-
sul ta dos su gie ren que 2000 µg de FP B.I.D. inha la do/ca ba llo
su pri me el cor ti sol en dó ge no por su efec to en el eje HHA. La
su pre sión del cor ti sol con 2000 µg/ca ba llo B.I.D. pue de te ner
efec tos de le té reos si la su pre sión so bre el cor ti sol es man te ni-
da por más de seis me ses en es tos ca ba llos vie jos, pro ban do
que la do sis de FP debe ser ajus ta da y com bi na da con ma ne jo
am bien tal de acuer do al me jo ra mien to de los sig nos clí ni cos.

Pa la bras cla ve: RAO, cor ti sol, flu ti ca so na, HHA, asma equi-
no.

IN TRO DUC TION

Re cur rent Air ways Ob struc tion (RAO) is a chronic air way
in flam ma tory dis ease com mon in horses (Equus ferus
caballus) con fined in sta ble for long win ter pe ri ods, and ex-
posed to moldy- dusty hay and straw. The con di tion may be
con trolled by the use of bron cho di la tors and ster oids as well as
en vi ron mental man age ment in or der to re duce the ani mal ex-
po sure to dust and other al ler gens [32, 36, 54, 71]. RAO
horses usu ally show na sal se cre tions and con cur rent cough,
es pe cially dur ing ex er cise and feed ing time, as well as ex er-
cise in tol er ance [38]. The fre quency and se ver ity of cough ing
in creases as the dis ease pro gresses and in some cases the
horses have par oxis ti cal non pro duc tive cough; de velop se vere
res pi ra tory dis tress with in creased res pi ra tory rate and ef fort,
showed by flared nos tril, ex tended neck and head, cough ing at
rest, and dou ble ex pi ra tory ef fort that lead to ex ter nal ab domi-
nal hy per tro phy [36, 39, 54]. RAO is a multi- factorial dis ease
that could have a ge netic pre dis po si tion [52], none the less en vi-
ron ment has also been im pli cated. Horses older than four
years of age are sev eral times more prone to de velop RAO
symp toms [15] Al though RAO has been mainly de scribed in
tem plate coun tries and aged horses, a study done in Vene-
zuela un der warm tropi cal con di tions have found 69% RAO
preva lence, among 2-6 years old Thor ough bred horses, sta-
bled and rac ing [66].

Most of the RAO horses in the acute phase are so clini-
cal evi dent be cause of their res pi ra tory ef fort, as well as in-
crease of pleu ral pres sure (delta max Ppl) and pul mo nary re-
sis tance (RL), and dy namic com pli ance (Cdyn) dur ing lung
func tion test [13, 59]. A strong cor re la tion has been es tab-
lished be tween se ver ity pul mo nary dis ease, clini cal res pi ra tory
score and pul mo nary func tion [25, 57, 60].

In chronic air ways in flam ma tion pa tholo gies like asthma,
tis sue dam age and struc tural changes are la belled as air way re-
mod el ling [69, 70]. These struc tural changes range from epithe-
lial gob let cell hy per pla sia, mu cous gland hyperplasia- metaplasia
[2] re ticu lar base ment mem brane thick en ing and in creased vas-
cu lar ity of mu cosa with thick en ing of smooth mus cle layer [30,
51, 69]. RAO air way re mod el ing ranges from epithe lial gob let cell
hy per pla sia, mu cous gland hyperplasia- metaplasia, re ticu lar
base ment mem brane thick en ing and in creased vas cu lar ity of
mu cosa with thick en ing of smooth mus cle layer [38, 69].

Cur rent asthma thera pies are mostly ef fec tive in ame lio-
rat ing in flam ma tory re sponses if air way re mod el ing pro cesses
are not al ready in prog ress, once they are pres ent the ani mal
be came poorly re spon sive to those agents [47, 69]. There fore,
new thera peu tic al ter na tives and ap proaches are re quired to
con trol and pre vent asthma as well the RAO symp toms in
horses [33]. One op tion to im prove clini cal signs is con trol ling
the en vi ron ment in or der to re duce al ler gens ex po sure [9, 10,
37] through the use of pel leted feed ing [39] and im prov ing air
breath ing qual ity by pro mot ing good ven ti la tion. Both man age-
ment strate gies help to de crease am mo nia gases and im prove
air qual ity, as well as bac te ria sus pen sion in dust [9, 10, 44,
50]; but for horses that re main in door all year round, ad di tional
thera peu tic prac tices with sys temic ster oids (e.g. dex ametha-
sone, predni so lone, iso flu pre done, triamci nolone) or in hale ad-
mini stra tion (e.g. be clo metha sone, flu tica sone) could be re-
quired as an al ter na tive to re lief the clini cal signs of air ways
ob struc tion [14, 34, 35, 49, 59, 60, 61, 62].

Glu co cor ti coids are cru cial anti- inflammatory drugs that
play a key role in the treat ment of lo cal and sys temic in flam-
ma tory pa tholo gies and dis eases. Clear knowl edge of the
phar ma coki net ics and phar ma co dy nam ics of the dif fer ent
avail able glu co cor ti coids is nec es sary to as sess their ef fi cacy
and safety pro file. In haled cor ti cos ter oids are mainly used as
first- line treat ment for asth matic pa tients and RAO horses be-
cause they ex ert a lo cal ef fect at the site of ac tion and thus
de crease the risk for ad verse drug re ac tions of sys temic cor ti-
cos ter oids [7, 13, 22].

In equine prac tice, Flu tica sona Propi on ate (FP) is one of
the most com monly used in haled ster oids. FP is rec om mended
for con trol ling RAO and in flam ma tory air way dis ease symp toms
in horses. In RAO- affected horses, FP (2000 µg B.I.D. for three
weeks) im proves lung func tion; how ever com pa ra ble re sults
have been seen in only two weeks when the drug is com bined
with en vi ron mental man age ment prac tices [14].
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Syn thetic (ex oge nous) or en doge nous glu co cor ti coids
are ca pa ble to in hibit corticotropin- releasing fac tors, stress in-
duced ad re no cor ti co tropic hor mone (ACTH) and arginine-
 vasopressin se cre tion [68].Cor ti cos ter oid feed back in hib its the
brain- hypothalamus- pituitary units of the ad re no cor ti cal sys-
tem. En doge nous cor ti cos ter oids may have their pri mary ac-
tions at brain and hy po tha lamic sites and syn thetic glu co cor ti-
coids that do not bind to trans cortin may act pri mar ily on cor ti-
co tropes and re gions of brain out side the blood–brain bar rier
[27- 29]. This in hi bi tion at the level of the pi tui tary and hy po-
thala mus is me di ated through a nega tive feed back mecha nism
that con trols se cre tion and syn the sis [27-29]. Oth ers have sug-
gested di rect in hi bi tion of the cor ti sol se cre tions by the ad re nal
cor tex, with out the in volve ment of ACTH and the cen tral
hypothalamic- pituitary axis (HPA) [28, 29].

Glu co cor ti coids also regu late cy to ki nes and in flam ma tory
me dia tors’syn the sis by es tab lish ing a nega tive feed back loop
on the brain in hib it ing the HPA axis [28, 29] Dys regu la tion of
this bal anced neu ro en do crine feed back by hy per ac tiv ity (e.g.
Cush ing’s dis ease, pain, ca loric re stric tion, emo tional trauma
or ex oge nous cor ti cos ter oids) or hy po re ac tiv ity (e.g. Ad di son’s
dis ease) of the HPA axis causes sys temic al tera tions in in flam-
ma tion and im mu nity [22, 41, 53, 64, 73].

HPA dys regu la tion also oc curs in pa tient with acute in-
flam ma tion pa tholo gies as acute res pi ra tory dis tress syn drome
[41] that may also oc curs in RAO in horses. On the other hand,
HPA hy per ac tiv ity, as in Cush ing’s syn drome, with out an un-
der ly ing in flam ma tion eti ol ogy may cause im mu no sup pres sion
and sus cep ti bil ity to in fec tions [42, 73].

This study aim to de scribe the ef fect of two thera peu tic
sched ules of a long term FP treat ment on the cor ti sol sup pres-
sion and its re versi bil ity, by as sess ing plasma cor ti sol lev els in
aged horse with RAO.

MA TE RI ALS AND METH ODS

Ani mals
Eleven (11) RAO horses mixed breed horses (7 mares

and 4 geld ings) aged 18–20 years (mean +/- SD, 19.9 +/- 2.1
years), weigh ing 419– 550 kg (465+/-35 kg) were used in this
study. Those horses, af ter a con trolled ex po sure to hay, were
con firmed suf fer ing RAO ac cord ing to his tory and symp toms,
then they were graded us ing a clini cal score [54, 60, 63].
Horses in this re search be longed and were part of a larger
study evalu at ing the re versi bil ity of pul mo nary re mod el ing from
the Res pi ra tory Cel lu lar and Mo lecu lar Bi ol ogy Labo ra tory of
the Uni ver sité de Mont real [16, 37]. Ba sic vet eri nary care was
rou tinely per formed, and all the horses were de wormed and
vac ci nated an nu ally against (teta nus, West Nile, East ern and
West ern equine en cepha li tis, equine her pes vi rus 1/4, in flu-
enza, and ra bies vac cines). Horses were sta bled in re search
barn fa cili ties and only moved to hos pi tal fa cili ties for close
moni tor ing on tho ra coscopy sur gi cal time.

Horses were kept in door un der con trolled hu mid ity (60-
 70%) and tem pera ture (14- 17°C) con di tions for two months be-
fore the study was ini ti ated and dur ing six months af ter RAO
clini cal signs started. In the first stage of the study (an ti genic
challenge- T0) horses were fed with bad qual ity hay- straw bed-
ding and on regu lar ba sis, and were ex posed to dust by shak-
ing dusty- hay in side boxes, in or der to ex ac er bate RAO symp-
toms. Dur ing the sec ond stage (T1), horses were ran domly di-
vided in two groups: RAO- Control (fed with pel leted al falfa and
kept on wood shav ing bed ding) and RAO- FP treat ment group
(fed with moldy- hay and kept on straw bed ding). Fi nally, in the
last stage of the study (T2), all horses were re leased to pad-
dock and main tained on pas ture. Horse were kept in doors only
at night and al ways sam pled be fore re leas ing.

Horses were un der vet eri nary su per vi sion on daily ba-
sis. Be fore blood sam pling for cor ti sol, CBC and bio chem is try,
a sys tem atic physi cal ex ami na tion (tem pera ture, res pi ra tory
and car diac fre quency) was done rou tinely to rule out any in-
fec tion or dis ease, which could po ten tially, al ter cor ti sol val ues
by non- drug or non- experimental re lated rea sons. All ex peri-
men tal pro ce dures (such as treat ment ap pli ca tion, han dling
and sam pling of ani mals) were done at Uni ver sité de Mont real
Re search Fa cili ties (lo cated in St. Hya cinthe, Que bec. Can-
ada) in com pli ance with the Ca na dian Coun cil of Ani mal Care
and ap proved by the Uni ver sité de Mont real Ani mal Care
Com mit tee.

Ex peri men tal de sign
This case- control clini cal study was de signed to make an

as sess ment of cor ti sol in RAO horses treated with Flu tica sone
propi on ate (FP) com pared to RAO- control horses. The de-
signed was as fol low, all horses were sta bled in dusty- hay en vi-
ron ment and ex hibit RAO symp toms, this was con sid ered time
zero (T0). RAO- horses were di vided in two groups: one group
treated with flu tica sone propi on ate (RAO- FP), fed with moldy-
 hay and kept on straw bed ding and an other group with out FP
(RAO- control), fed with pel leted al falfa (Me di cago sa tiva) and
kept on wood shav ing bed ding. RAO- FP group re ceived 2000
µg of in haled FP B.I.D. for six months (T1). FP was ad min is-
tered us ing a metered- dose in haler (8 puffs of 250 µg Flov ent
HFA®) and com mer cially de liv er ing sys tem, spe cially de signed
for horses (aero mask® and aero- chamber®). Af ter six months
FP was re duced to 2000 µg of FP S.I.D. for oth ers five months
(T2). FP was given daily be tween 7:00- 9:00 AM and 4:00-6:00
PM dur ing the first six months (T1) and once daily (AM) for the
re main ing five months of the study (T2).

Clini cal res pi ra tory score (CRS)
A clini cal res pi ra tory score pre vi ously re ported [57, 61]

was used. This score con sider two com po nents: Na sal flar ing
and ab domi nal move ment re corded on a scale from 1 to 4. For
na sal flar ing, the score ranged from 1(no flar ing) to 4 (con tinu-
ous flar ing dur ing each res pi ra tion), while for the ab domi nal
com po nent the range is 1 (no ab domi nal move ment dur ing
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breath ing) to 4 (marked ab domi nal move ment dur ing breath-
ing. The sum of the score of both com po nents may to tal ized a
to tal clini cal res pi ra tory score of 2 (no signs) to 7 or 8 (se vere
clini cal res pi ra tory signs). A strong cor re la tion has been es tab-
lished be tween se ver ity pul mo nary dis ease, clini cal res pi ra tory
score and pul mo nary func tion [57, 61]. This score was re-
corded by the same vet eri nar ian all way through the study in
blind fash ion with out any knowl edge about lung func tion res pi-
ra tory meas ure ments. This clini cal res pi ra tory score has been
proved to have a good cor re la tion with some of the lung func-
tion meas ure ments, such as dy namic elastance, how ever
some mini mal ob struc tion de gree may arise be fore the clini cal
signs are more evi dent [57].

Cor ti sol analy sis
Blood sam ples for cor ti sol were al ways col lected be tween

8:00-9:00 AM on d 12 and 10 be fore treat ment in or der to es tab-
lish base line cor ti sol val ues. Blood sam ples were also col lected
be tween 8:00-9:00 AM on d 7, 28, 80,160, 200, 250, 290 and
320 un der treat ment regi men be fore FP was ad min is trated.
Blood was drawn from the jugu lar vein us ing a 18- gauge x 1 1/2
inch vacu tainer nee dle in a red cap vacu tainer® tube with out
an ti co agu lant. Af ter 60 min at room tem pera ture (15°C) blood
sam ples were cen tri fuged (SL16R, Thermo Sci en tific, Can ada)
at 1000 g, 15°C for 20min (1900 RPM). Se rum sam ples were
sepa rated, ali quoted, and stored a -80°C un til analy sis. Se rum
cor ti sol was de ter mined by chemi lu mi nes cence en zy matic im-
mu no as say tech nique (CEIA, Im mu lite 1000® Sie mens, Can-
ada), ac cord ing to manu fac turer pro to col [3]. Blood sam pling
proc ess ing was al ways done keep ing same tim ing (dur ing 2
hours af ter col lec tion), mini mal stress to have con sis tency,
avoid ing cir cadian vari abil ity and stress- related varia tion [8].

Sta tis ti cal analy sis
The method ap plied for cor ti sol lev els was a re peated

meas ures analy sis based on the analy sis of vari ance (ANOVA
lin eal model), and data were fit ted to a model that in cluded the
ef fects of treat ment (RAO- FP and RAO- Control), ef fect of phase
(un- equally spaced time (sea sonal ef fect)), and treat ment ×
phase in ter ac tion. The model for the de sign is as fol lows:

Yijk = µ+  j +  k + ()jk + Eijkl

i = 1, 2, 3…11 (horses) j = 1, 2 (treat ment)

k = 1, 2, 3…9 (Phase of ex peri ment)

where Yijk = the vari able of in ter est for the horse i, as signed to
treat ment j, and phase k; µ = the over all mean; j = the treat-
ment ef fect; k = the phase ef fect; () jk = the treat ment ×
phase in ter ac tion; and Eijk = the er ror term. To use this model,
we must as sume that Eijk, is the ran dom er ror as so ci ated with
the i horse in the j treat ment at k phase. Data were cor rected
by se quen tial Bon fer roni’s test to cor rect comparison- wise 
lev els, dif fer ences were de ter mined sig nifi cant at P<0.001.The
lin ear model for the cor ti sol re peated meas ures over time (9

lev els) as within- subject fac tor and group (two lev els) as be-
tween sub jects fac tor, in di cated a sig nifi cant ef fect of group all
time com bined (P= 0.03) and all time groups com bined (P
<0.0001). A pri ori con trasts with the se quen tial Bon fer roni cor-
rec tion showed no dif fer ence be tween the av er age of the two
groups at 0, 2, 7, 200, 250 and 290. At time 28, 80 and 160,
the av er age was sig nifi cantly lower in the flu tica sone group
than in the con trol group. A ANOVA lin eal model analy sis for
CRS (Clini cal res pi ra tory score) was also done over time (3
lev els) as well as within- subject fac tor and group (two lev els)
and means val ues com pari sons among each time points,
groups and treat ment were done us ing t- test. Graph ics were
done us ing Sig maplot®.

RE SULTS AND DIS CUSION

Clini cal res pi ra tory score (CRS)
In this study CRS cor re lated very well with RAO symp-

toms. CRS im por tantly im proved at the end of the study in
both groups whether they were or not on FP treat ment. At the
be gin ning of this study (T0), when all horses were sta bled in
barn, fed with hay and kept in a hay- dusty en vi ron ment, all of
them showed RAO symp toms. How ever, in the sec ond part
(T1), af ter FP or en vi ron ment con trol (Hay or pel leted feed)
were es tab lished, CRS slightly de creased only in RAO- control.
On pas ture (T2) CRS me dian val ues in both groups of horses
were im por tantly lower and be com ing even clini cally nor mal
CRS in both groups. Simi larly, CRS from T0 toT2 sig nifi cantly
de creases in both groups (P<0.001) (FIG.1).

Cor ti sol
Cor ti sol lev els at T0, be fore the FP treat ment ini tia tion,

were simi lar be tween groups; (FIG. 2). Once FP 2000
µg/horse B.I.D started (T1) and en vi ron mental man age ment
were im ple mented (hay or pel lets), cor ti sol val ues on d 7 were
also simi lar be tween groups. How ever, cor ti sol lev els were
sig nifi cantly lower in RAO- FP horses com pared with RAO-
 control horses on d 28 (P<0.001); 80 (P<0.001) and 160
(P=0.002) (FIG. 2) and even ver sus base line val ues (FIG. 3).
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b
b

FI GU RE 1. CLI NI CAL RES PI RA TORY SCO RE (CRS) ME-
DIAN VA LUES IN RAO- CON TROL AND RAO- FP (FLU TI CA-
SO NE PRO PIO NA TE).



During six months, all horses were kept al ways in door,
and then both groups were moved to pas ture for the re main ing
time (5 months) of the study (T2). Cor ti sol lev els on d 200 and
250 in RAO- FP group un der a 2000 µg FP /horse/S.I.D. de-
clined and were slightly higher than base line val ues; how ev-
erno dif fer ences were found be tween groups. Simi larly, cor ti sol
on d 290 (at the end of the study) was slightly higher than
base line val ues in both groups. How ever, not dif fer ences were
found be tween groups, main tain ing the same trend un til the
end of the study (FIG. 2).

Cor ti sol in RAO- FP group
Cor ti sol lev els on d 160 and. 200 in creased (re bound ef-

fect) dur ing this pe riod, match ing with the FP dose ad just ment
from 2000 µg/horses B.I.D. to 2000 µg/horse S.I.D. (FIG.2).
Cor ti sol in RAO- FP horses dur ing this pe riod start to fol low the
same sea sonal vari abil ity as seen on RAO- control horses
(FIGS. 2, 3, 4a and 4b).

Cor ti sol level on d 250 vs. 290 fol lowed a simi lar sea-
sonal pat tern in both groups, how ever in RAO- FP group with
some de layed dis tor tion. Sea sonal cor ti sol change on RAO-
 FP horses is in a lesser de gree com pare to RAO- control
horses (FIGS. 2, 3, 4a and 4b). This  let sug gest that FP might
have a greater dys regu la tion im pact on HPA and more evi dent
sup pres sion ef fects un der a FP 2000 µg/horse B.I.D. re gime
than 2000 µg/horse S.I.D. (FIG. 5 and 6).

136

Se rum Cor ti sol as a Sys te mic Mar ker in the Long- term Treat ment With FP in RAO Aged Hor ses / Mu ñoz, T. y  Fran co, D.________________

T1 T2

    FP 2000µg B.I.D.        FP 2000µg S.I.D.

T0

*
*

*

       -12       -10        7       28        80      160      200     250      290       days

0

50

100

150

200

RAO-Control
RAO-FP

*
*

*
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FI GU RE 3. COM PA RI SON BET WEEN BA SE LI NE COR TI-
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FI GU RE 4A. COR TI SOL CIR CANNUAL VA LUES (ME DIAN
+/- STD. ERROR) IN RAO- CON TROL HOR SES ALONG 290
DAYS.

WINTER   SPRING     SUMMER         FALL             WINTER
  2007          2007          2007             2007                2008

0 50 100 150 200 250 300
-50

0

50

100

150

200

RAO-Control
RAO-FP

FI GU RE 4B. COR TI SOL CIR CANNUAL VA LUES (ME DIAN
+/- STD. ERROR) IN RAO- CON TROL HOR SES AND RAO-
 FP HOR SES ALONG 290 DAYS.



Cor ti sol sup pres sion in RAO- FP group on d 28, 80 and
160 ranged be tween 85.67 ± 24.30% and 90.96 ± 9.34% (me-
dian val ues ± std. er ror), com pared to cor ti sol val ues in RAO-
 control dur ing same pe riod of time (FIG. 5). None the less, cor ti-
sol sup pres sion was re versi ble. HPA axis was still able to re-
 establishing a cor ti sol plas matic se cre tion in the sec ond half of
the thera peu tic re gime, and caused a “re bound ef fect” in cor ti-
sol lev els with a FP 2000 µg/horse/S.I.D. thera peu tic regi men
(FIG.4b and 6).

Sev eral meth ods (e.g. ra dio im mu no as say, im mu noaf fin-
ity, chro ma tog ra phy, gas chro ma tog ra phy, im mu no as say,
HPLC, LC- MS and (LC/TSQ- MS/MS) have been used to
meas ure ster oids lev els post- race in uri nary and plasma sam-
ples in horses, ei ther for fo ren sics and con fir ma tory pur poses.

CEIA tech nique sen si tiv ity is com pa ra ble to ra dio im mu no as-
say hav ing the ad van tages that do not re quire spe cial fa cili ties
for ra dio ac tiv ity han dling [67]. Moreo ver cor ti sol as sess ment is
one of the most prac ti cal en do cri nol ogy test in horses [14, 18,
21, 35, 55, 61, 62]. Nev er the less, dex ametha sone sup pres-
sion test (DST) is the gold stan dard test in horses, for di ag-
nos ing HPA dys regu la tion due to chronic ele va tion of cir cu lat-
ing en doge nous glu co cor ti coids, in horse suf fer ing of PPID (pi-
tui tary pars in ter me dia dys func tion) [19, 20, 65 ].

In any case, blood sam pling in horses for cor ti sol de ter-
mi na tion should be done with the same tim ing, mini mal stress,
good con sis tency and us ing same meth od ol ogy, re peat abil ity
and stan dardi za tion, in or der to avoid cir cadian vari abil ity [24]
as well as, stress- related varia tion [8], in or der to have a bet ter
pic ture of the real plasma cor ti sol lev els.

Sev eral meth ods for as sess ment of the sec on dary ef-
fects of in haled ster oids treat ments in a eq ui sys temic ba sis
have been pro posed, thought the screen ing of se rum morn ing
cor ti sol lev els and hourly se rum cor ti sol meas ur ing [40, 41]. In
hu mans, also AUC (area un der curve) of 24- hrs cor ti sol uri-
nary pro file for es ti mat ing cor ti sol sup pres sion has been used
as a method for in haled glu co cor ti coids sys temic avail abil ity
as sess ment as well as the po ten tial for caus ing sys temic side
ef fects [41].

Cor ti sol val ues ranged be tween 30–395 nmol/L in
healthy adult horses at rest [1, 18], in agree ment with most do-
mes tic ani mals [18]. Simi larly, cor ti sol in healthy horses un der
stress by ship ping or trans port [8] ranged be tween 103- 278
nmol/L, with out dif fer ences re lated to sex or age, how ever val-
ues were higher in May and June vs. Oc to ber.

In ter est ingly, cor ti sol is ex pected to be higher dur ing
stress ful situa tions, like the RAO acute phase (266.66
nmol/L±86.66), only de creas ing af ter RAO symp toms im prove-
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ment or FP cor ti sol sup pres sion ac tion or both [55], how ever
cor ti sol val ues in this study were not re lated with CRS im prove-
ment be cause cor ti sol val ues in RAO- control in crease in clash-
ing to the weak en ing seen in other short FP stud ies. Cor ti sol in
RAO- FP horses sig nifi cantly de creases and seems to be more
de pend ent on FP sup pres sion ac tion than on symp toms im-
prove ment.

Re gard less, this trend seen in oth ers short stud ies with
RAO horses treated with FP, in this study RAO- horses (pooled
cor ti sol base line val ues) were (100.50 nmol/L ± 6.00), some-
where fol low ing a sea sonal vari abil ity hav ing the higher cor ti sol
me dian val ues in Sep tem ber (Fall) (148 nmol/L ± 8.73) and
Janu ary (late win ter) (151 nmol/L ± 28.14) (FIG.4b). How ever,
not dif fer ences be tween these two pe ri ods were found as in
other study with healthy horses dur ing the same pe ri ods [18].

Sea sonal Varia tions
This clini cal study started in late win ter (2007), when d

are get ting longer and that could ex plain an im por tant in-
creased in plasma cor ti sol in RAO- control on d 7 (April) vs. d
28 (P<0.03) (FIG. 4a). Then, there was an in crease in early
sum mer fol lowed with a de crease on d 200 (late fall, Oc to-
ber) and on d 250 (early win ter, De cem ber). At the end of the
study, there was an in crease again on d 290 (late win ter
Janu ary 2008), proba bly pre par ing the body by han dling bet-
ter the few avail able en ergy sources for next food scar city
sea son. All this sea sonal varia tion in day light length has a
great im pact in the cor ti sol se cre tion (cir cadian and cir can-
nual rhythms) (FIG. 4a).

RAO- control horses have nor mal sea sonal fluc tua tion
pat tern on cir can nual cor ti sol val ues along the one- year study.
The high est cor ti sol val ues were re corded in early fall and late
win ter (FIG. 4a). Com par ing these nor mal cir can nual fluc tua-
tions on cor ti sol val ues of RAO- control horses to the cor ti sol
val ues of RAO- FP horse in di cate that sea sonal cor ti sol lev els
be haved in the same way in both groups and the only rea son
of dis rup tion on sea sonal cor ti sol lev el sin RAO- FP grou pis just-
due to FP treat ment. The only dis rup tion seen on nor mal cir-
can nual varia tion (es tab lished by com pari son to cor ti sol lev els
on RAO- control) is on days 28, 80 and 160 by FP 2000 µg/
horse/B.D.I. on RAO- FP group There fore, the pos si bil ity ex ists
that any varia tions on cir can nual and proba bly on cir cadian
cor ti sol val ues in RAO- FP horses are not en vi ron mental or
RAO- related in stead may be at trib ut able to the FP treat ment.
In sum mary, FP 2000 µg/B.I.D. is ca pa ble to dis rupt the syn-
chro nism in the HPA axis that is re flected in the al tera tion of
nor mal cir can nual and proba bly even cir cadian fluc tua tions in
those horses suf fer ing of RAO and treated with FP (FIG. 4b).
De spite cor ti sol meas ure ments were done only once a day
(morn ing as sess ment), they al ways re mained lower in RAO- FP
both on the daily and sea sonal analy sis, proba bly be cause
both cir cadian and cir can nual, are af fected on d 28, 80 and
160 d due to FP in treated horses.

FP is only ca pa ble to in duce im por tant cor ti sol sup pres-
sion through a regi men of 2000 mg/horse B.I. D. (P<0.001).
Since FP half- life is about 13- 14 (h), FP 2000 µg/horse S.I.D. is
un able to cause and main tain HPA sup pres sion (FIG. 5 and 6).

The find ings sug gest that more cau tious ap proach may
be con sider with long term FP us age to man age and pre vent
symp toms in RAO- aged horses, as well as how rele vant are
FP dose, time and treat ment in ter val on the ap pear ance of
any side ef fects on the HPA axis [31]. There fore, cau tious
should be taken with the FP 2000 µg B.I.D. ap proach for a
long term due to cor ti sol sup pres sion con se quences. Fur ther-
more, FP 2000 µg S.I.D. in RAO man age ment is clini cally im-
prac ti cal to con trol symp toms. En vi ron men tal con trol by it self
would be a bet ter and a more ad van ta geous strat egy than FP
long- term treat ment in pre vent ing and con trol ling RAO symp-
toms, with out in creas ing the like li hood to cause HPA sup pres-
sion. A spe cial con sid era tion in us ing FP may be taken into
ac count cor ti sol vari abil ity along sea sons.

In haled ster oids are be lieved to cause less sys temic
harm, how ever, they have been as so ci ated with ad re nal sup-
pres sion too [35, 58] For in stance, bec to metha sone di propi on-
ate (Be clo) is ca pa ble to pro duce neu tro penia in the BAL of
treated horse [59].

Sev eral drugs and me dica ments (e.g. eto mi date,
ketacona zole and ri fampin) are in volved in cor ti sol sup pres-
sion through 11-hy droxy lase en zyme in hi bi tion, in ter fer ing
with last step in ac tive cor ti sol syn the sis, and caus ing ad re no-
cor ti cal in suf fi ciency [17, 22], that might ex plain some of the
ac tions ob served in RAO aged horses treated with FP.

Ster oids anti- inflammatory ac tions and sec on dary ef-
fects path ways on cel lu lar modu la tion share the same re cep-
tors, none the less re cep tor pro por tions for any those ac tions
ap pears be dif fer ent among tis sues mak ing some tis sues
more prone to thera peu tics than dele te ri ous ac tions or vice
versa [5-7, 23, 31].

Since RAO is an in flam ma tory pa thol ogy, then there is the
gen eral as sump tion that its in flam ma tion na ture ex plains most of
the changes on pul mo nary me chani cal prop er ties. There fore, it is
also as sumed that ame lio rat ing and con trol ling in flam ma tion may
have a bene fi cial ef fect on pul mo nary me chani cal prop er ties as
well as in clini cal symp toms. How ever, from an evi dence–based
on vet eri nary medi cine (EBVM) point of view those as sump tions
are not to tally con vinc ing [74]. For ex am ple, in most stud ies dex-
ametha sone (Dexa) ef fi cacy in ame lio rat ing pul mo nary re sis-
tance, us ing a va ri ety of doses and routes of ad mini stra tion
seems to be more re lated to the tim ing of the meas ure ment af ter
treat ments and the sta tis ti cal power of the study [49, 56].

Simi larly, nei ther the ef fi ca cies of in haled ster oids (e.g.
Be clo metha sone and Flu tica sone) nor their anti- inflammatory
prop er ties on vari ous as pects of RAO re ported in sev eral
peer- reviewed pub li ca tions, have been par ticu larly con vinc ing
from an EBVM point of view [74]. For in stance, be clo metha-
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sone di propi on ate (Be clo) (500 mg twice daily) ef fec tively
cause a fast im prove ment in res pi ra tory score in a short time
as 10 d that do not trans late in an evi dent ef fect in pul mo nary
re sis tance. The Be clo treat ment 1320 mg (high dose) twice
daily caused a fast im prove ment in clini cal score and dis played
cor re lated changes in pul mo nary re sis tance only af ter 10 days
of treat ment [61, 74].

For in stances FP in a dou ble blind, ran dom ized pla cebo-
con trol with a dose of 1980 µg, given twice- a- day, de liv ered
with a meter- dose in haler and Aero mask®, showed more
strong evi dence from EBVM. Nev er the less FP ac tion was not
com ple mented with evi dent de crease in air way in flam ma tion
[14].On the other hand, a cross over study showed that FP is
more ef fec tive for RAO symp toms pre ven tion than treat ment.
FP 6000 µg twice- a- day may have a bene fi cial for ini tial treat-
ment of RAO and used in pre ven tion as Dexa in RAO- affected
horse in re mis sion, how ever this high- dose is less con sis tently
than Dexa for the short term treat ment [55].

Among all the stud ies us ing in haled FP, only two stud ies
re ported cor ti sol sup pres sion: one con trolled cross over study
in RAO- horses [55] and an other in RAO- free horses. The first
one [55], com pared 3000 µg and 6000 µg of FP B.I.D. dur ing 3
and 7 d, re spec tively and showed that both FP treat ments are
ca pa ble to sig nifi cantly sup presses cor ti sol as shortly as 72
hours (3000 µg B.I.D.) and even af ter 8 d of ini ti at ing the FP
treat ment (6000 µg B.I.D.), re spec tively. The sec ond one [35],
re ported ad re nal sup pres sion (on d 1, 3 and 5) in RAO- free
symp toms horses af ter a treat ment with FP us ing a per sis tent
dose 1500 µg (me dium dose) by horse/twice- a- day for 7 d.
How ever, in that study the ad re nal sup pres sion caused by FP
was not sta tis ti cally im por tant, proba bly due to the lower FP
dose, small number of ani mal, the heavy body weight of horses

(Dutch warm blood) used in that study or com bi na tion  all these
fac tors [35] (TA BLE I).

Other study in RAO horses [35] used a start ing high
dose of FP 1980 µg/ horses/ twice- a- day for 7 d, fol lowed for
an other 14 d pe riod, with a de creas ing dos age and fre quency
ap proach, from twice- a- day to one- a- day for 7 d and an other
week with al ter nated ad mini stra tion did not showed cor ti sol
sup pres sion or HPA dys regu la tion (TA BLE I).

Be clo in RAO horses even a 528 µg (low dose) B.I.D for
6 d and 1320 µg B.I.D for 7 d, are both ca pa ble to cause ad re-
no cor ti cal sup pres sion in RAO- horses un der both treat ments
ap proach regi men [61] (TA BLE I).

RAO- horses seem to be more sus cep ti ble to cor ti sol
sup pres sion ac tions of Be clo, on a dose equiva lent ba sis,
com pared to the same dose used in asth matic pa tients. Be clo
dose thresh old in horses ca pa ble to in duce sup pres sion is as
low as 528 µg B.I.D. Nev er the less a 500 µg Be clo is enough
to achieve com pa ra ble im prove ment in pul mo nary func tion, as
1000 and 1500 mi cro grams Be clo does with fewer sup pres-
sion of en doge nous cor ti sol. Con tro ver sially, an other study
found that 500 µg of be clo B.I.D. is ca pa ble to im prove clin ics
sings and pul mo nary func tion [12, 13, 61].

Dexa sin gle dose in horses causes a long- lasting ef fect
in en doge nous cor ti sol (96h) as well as im por tant de crease in
lac tate (36h) and glu cose (60h) af ter in tra ve nous ad mini stra-
tion [68].

FP sys temic bioa vail abil ity pre domi nantly de pends on its
rate of ab sorp tion from the lungs. FP con trary to other in haled
drugs does not re quire tis sue con ver sion as Budesonida does.
FP is twice po tent than budesonide and Be clo [4], FP also has
20- times su pe rior GC re cep tor af fin ity than Dexa [4, 23].

139

_____________________________________________________________Revista Científica, FCV-LUZ / Vol. XXIV, Nº 2, 132 - 144, 2014

TA BLE I
CON TRO LLED STU DIES IN HOR SES USING INHA LED STE ROIDS

Controlled studies in horses using inhaled steroids

Study Inhaled steroid and dose Horse Cortisol suppression or
HPA axis dysregulation

Laan et al. 2004 [62] Fluticasona propionate
1500µg B.I.D. for 7 days

RAO-free horses Yes

Couetil et al. 2005 [14] Fluticasona propionate
-1980µg B.I.D. for 14 days
-1100µg S.I.D. for 7 days
-1100µg every two Days for 7 days

RAO horses No

Robinson et al. 2009 [55] Crossover study
-FP 3000µg and 6000µg B.I.D during 3 days
-FP 6000µg B.I.D for 7 days

RAO-horses Yes

Rush et al. 2000[61] Beclomethasone
1320µg B.I.D. for 7 days

RAO-horses Yes

Rush et al. 2000 [61] Beclomethasone
528µ B.I.D. for 6days

RAO-horses Yes



Moreo ver, FP causes two time greater ad re nal sup pres sion
than budesonide on a mi cro gram equiva lent ba sis in asthma
pa tients [23].

FP oral bioa vail abil ity is as lower as less than 1%. Most
oral FP is ab sorbed (90%) through oral tract, how ever higher
re cep tor af fin ity and solu bil ity fluc tu ates ac cord ing to the pro-
pel lant used on the meter- dose con tainer [23].New pro pel lant
HFA could po ten tially im prove pul mo nary depo si tion of Be clo,
with fewer side ef fects due to oral depo si tion and sub se quent
ab sorp tion [72].

In hu man, flu tica sone ab sorp tion is greater in nor mal pa-
tients with out pul mo nary ob struc tion than in asth matic pa tients
[4]. Simi larly, short- term stud ies re veal that the flu tica sone ab-
sorp tion is greater in healthy horses than in RAO af fected horses,
us ing cor ti sol sup pres sion as a pa rame ter [14, 35], which could
in di cate a greater drug ab sorp tion sur face area in healthy ani-
mals. Al though, in haled cor ti cos ter oids sys temic ef fects may also
arise from G.I. ab sorp tion since a large dose pro por tion us ing a
me tered dose in haler is de posed in oro pha rynx [58].

Sys temic ster oids in horses have been as so ci ated with
mus cu lar ema cia tion, weak ness, hy per gly ce mia, hy po ka lemia,
polyuria, poly dip sia, immuno- suppression and lame ness [26].
In haled ster oids are be lieved to cause less sys temic harm,
how ever, they have been as so ci ated with ad re nal sup pres sion
too [35, 62, 63].

Oth ers thera peu tics op tions de signed to cause less col-
lat eral ef fects have been tested, like: nitro- steroids, NO-
 Prednisolone (NCX1015) or NO- hydrocortisone (NCX- 1004),
ali phatic or aro matic mole cules de rived from ni tric ox ide [46,
48], se lec tive glu co cor ti coids re cep tors ago nists (SEGRAs)
[46, 48]. Un for tu nately those pre limi nary prom is sory in vi tro re-
sults have not been trans lated in good clini cal re sults.

Some in vi tro stud ies in horses, have found not im mu nol-
ogy ef fects fluticasone- related on lym pho cytes func tion af ter a
long treat ment with flu tica sone [16]. FP in dogs (Canis fa mil ia-
ris) doesn’t have over all im pact on im mune sys tem re gard less
cor ti sol sup pres sion [11]. Nev er the less HPA ac ti va tion in rats
due to stress causes an in crease in en doge nous cor ti sol, im-
mu no sup pres sion and dys regu la tion on Th1/Th2 cy to ki nes pro-
file [73]. RAO by it self is a chronic stress con di tion and ex oge-
nous FP long- term ex po sure over HPA axis, are not en tirely
known. Moreo ver, a pi tui tary pars in ter mide dis talis (PPID)
horses have –MSH adap tive mecha nism to cope with pro-
 inflammatory status [42].

Geri at ric horses are sus pected of hav ing two par ticu lar
in flam ma tory con di tions, RAO and pi tui tary pars in ter mide dis-
talis (PPID) in a con comi tant way, mak ing them more prone to
have a more pro- in flam ma tory pro file or to shift their gen eral
cy to kine and hor mone pro file in an ex tremely un pre dict able
way af ter a pro longed in haled cor ti cos ter oid ther apy to coun-
ter at tack this pro- inflammatory status [35, 42].

An ec do tally in this study, even ing cor ti sol val ues af ter
dex ametha sone sup pres sion test (DST) and patho logi cal
find ings of pi tui tary ade noma (mac roade noma) [43] were di-
ag nosed in two horses, one be long ing to each group of
horses on the study. The RAO- control cor ti sol val ues were
still higher af ter DST (data not showed). How ever, as ex-
pected in a typi cal horse with (PPID) the RAO- control horse
was al ways un re spon sive to Dexa ac tion, and its cor ti sol
val ues were higher than RAO- FP that was RAO- free symp-
toms at this point. Con tro ver sially, cor ti sol lev els from this
last are far be low de tec tion lev els af ter DST com pare to
RAO- control. These re sults pro vide some hints to specu late
that the FP cor ti sol sup pres sion is strong enough and FP is
still ca pa ble to sup press pars dis talis and even sup ple men-
tary pars in ter me dia ster oi do gene sis in RAO- FP group re-
gard less the ade no ma tous pi tui tary. For in stances, sec on-
dary hy poad re no cor ti cism as so ci ated PPID treat ment with
per golide has also been re ported [45], that lets us re think
the po ten tial FP im pact on HPA axis.

CON CLU SION

FP 2000 µg B.I.D causes sup pres sion in se rum cor ti sol
on days 28, 80 and 160, which seems to be re versi ble when
dos age was de creased by half. Un for tu nately, a com pre hen-
sive en do crine as sess ment was far be yond the scope of this
study. This clini cal study was not able to rule out whether the
HPA axis dys func tion by FP on cor ti sol sup pres sion was
caused from ad re nal or cen tral source. This clini cal study was
not in tended to in ves ti gate cor ti sol cir cadian varia tions; it was
de signed for the study of cor ti sol cir can nual varia tion in RAO
horses FP- related.

Whether FP S.I.D. is ef fec tive in con trol RAO symp toms
re mains un clear due con found ing fac tors: FP and en vi ron-
mental man age ment. Hay dust pol lu tion was im proved in the
second- half part of this study since horses had less ex po sure
to dust or spent more time out doors. RAO symp toms in both
groups might have a self- resolving na ture. Morn ing cor ti sol
level is not dif fer ent among groups; how ever, even ing cor ti sol
af ter DST was still lower in RAO- FP (data not pub lished) that
means that this dose is still able to sup press the HPA axis.
Nega tive feed back loop de pend ent upon ster oid dose, po-
tency and tim ing.

Per haps, FP may be more ad van ta geous due its lo cal
ac tions. None the less, com pare to hu mans, horses might be
more sus cep ti ble on a body weigh ba sis, since FP and Be clo
hu man dose cause sup pres sion in adult horses. FP po ten tial
caus ing ia tro genic in suf fi ciency should al ways be con sid ered
as an out come of ster oid sup ple men ta tion, moreo ver ad re nal
ex haus tion syn drome and cor ti sol in suf fi ciency has been de-
scribed in race horsesand criti cal foals as so ci ated with in flam-
ma tory dys regu la tion.
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