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GLUCOCORTICOIDS AND GLUCOSE WETABCLISM

It is well-established that excess of endogenous or exogenous
glucocorticoids (GCs} impair glucose metabolism. WwWhen a subject
with normal glucose tolerance is treated with GCs, there iz usunally
& deterioration in glucose tolerance. The worze the patient's
pre-treatment glucose tolerance the greater will be the effact of
the GC5.1 At the same time that mild to moderate incresses in
glucose levels are observed, there is & considersble increase in
plasma insulin levels.? The abnormal glucose tolerance in the
presance of hyperinsulinemle {(in the abgence of hypoglycemia) in
response to a glucose load is chearscteristic of an insulin-reaistant
state. In this mild to moderste form of insulin recistence, as most
frequentlg observed in obesity and msturity-onset insulin dependent
diabetes,” insulin levels are ofien elevated only 2 few—fold, and
the response to a dose tast of exogenous insulin is modestly
impaired.

There are several features of the clinical effects of GCs which

should be noticed:? &) the chronic effects of corticoids on

glucose tolerance are leas severe than the acute effects; b) the
degree of impairment will be proporticonal to the pre-existing stestus
of glucose tolerence; ¢} development of frank diabetes mellitus in
& previously normal patient is unusual; and &) in general terms,
the sbnormaliities of carbohydrate metabolism fit tha criterla for an
insulln resistent stete. In effeck, when GCg are administered to
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nondisbetic human subjects, some detericration of gluccse tolerance
may be noted in most patients within 12 hours.l On continuation

of GC administration, the changes in glucose tolerance tend to pre-
treatment levels.® When the effects of prelonged corticoid
administration on glucose tolerance are examined, orly very minor
changes in & small percentage of patients can be dlacerned.

In a comparative study of two synthetic GCs, prednisone (Pd) and
deflazacort (Dfl}, in normal femsle healthy volunteers, using equl-
potent anti-lnflammatory doses (20 mg/day of Pd or 24 mg/day of Df1,
for 2 weeks), we were sble to demonstrate that Df1 induced in 4 sub-
jects, (half of them with slight obesity) a very small insignificant
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Flgure 1: Comparison of the effects of a Z-week treatment with
equipotent enti-inflammatory phacrmacological doses of
deflazacort (24 mg/day) and prednisone (20 mg/day) on
oral glucose tolerance test in Z groups of female healthy
volunteers.
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Flgure 2: Comparison of the effects of a 2-week treatment with
equipotent doses of deflazacort - DF1l (24 mg/day) and
prednisone - Pd (20 mg/day) on insulin telerance fest
(0. 1U/kg/1.V.) in 2 groups of femele healthvy volunteers.

change in the plilesma glucose levels observed during orai glucose
tolersnce testirg; a much greater increase in fastirg cnd glucose-
stimulated plasma insulin concentrations was observed (Rigure 1).
After Pd administration to four normal femsles, {(two cf “hem obese)
the impairment of gluccse tolerance was greater than that obsarved
after Dfl; two of the non-obase subjects developed an impaired glu-
cose curve.® Tneulin secretion was also greater after this syn-
thetic stercid, but in only half of the gsubjects was there an
incresse in bassl insulin levels. These results are coansistent with
pravious known experimental snd human data,’ demorstrating that
equipotent anti--inflammatory doses of synthetic GCe with gimilar
structures can have diffesrent effects on carbohydrate metabolism.
Degpite the development of en insulin-resistant state, there wsre no
significant changes in the exogencus insulin-trveated hwpoglycemia
with either Df1l or Pd when compared to the comntrol tesn {(Figure 23}.

Animal experiments clearly indicate tlhat GC excess fsr a few
deys can increase hepatic glucose producktion. The latter results
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from an inherent increased copacity to produce glucose asgociated
with an inereased availabillity of gluccneogenic subetrates inter—
acting with augmented plasma glucagon levals, as well as from a W
decrease in glucose utilization 4 Hepatie glucoze producklion -
(HGP) and glucose utilization (gluccse clearancs rate) were avel- '
uated respectlvely after an overnlght fasting and during en in-

sulin+glucose+propranclol+ somatostatin infugiea in normal volun-
teers and patlents with Addison's disease who ware off replacement R
therapy for 72 hours. The patients were on physiological (P4, S to o
7.5 mg; or cortigone, 24 to 37.5 mz/day for at leaxt 1 nonth) and i
pharmacological (Pd, 30 mg; cortiscne, 150 mg /day for 10-15 days) {
GC replacement therapy. The mean HGP in the post-absorptive state i
was not significantly different in the normal controls and i
GC-traated Addisonian patienis even when they were on high steroid
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Figure 3: Hepetlc glucose production {mean +~ SEM) in & normal
individuals (N) and in & addisonian patients off therapy
(A), with physiclogical (Ay) eand pharmacological
(Ary} doses of glucocerticolds obtained through the
continuous infusion of tritiated glucose in the
post-absorptive state (baszal).
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Figure &: Steady-state glucose clearance (mean + SEM) of 5 normal
individuale (N) and & Addisoniar patients off therapy (A)
with physiclogical (Ay} and pharmacological (Ayg)
doges of glucocorticoids during the continuous fusion of
glucose (6 mg/Kg/min) + inszulin ({.8 mU/Kg/min) +
somatostatin {6 ug/min) + propranolol {0.Bug/Kg/min) -
“Ingulin clamp”.

doses, at the time when basa} plasms glucose and insulin were
significantly greater then in the normal subjects (Figure 3). The
glucoge clearance wes measured during the steady-state pericd of e
constant infusion of glucese, propranclol and somatostatin, when
similar plasra insulin levelr were maintained ia all subjects
(58P1).%® Glucose clearance was significantly depressed only when
the hypoadrenal patients were treated with the larger doses of GC
(Figure 4). Using the "ingulinr clamp™ technique we could
demcnstrate a defect in peripheral glucoge utilization, but not an
increase 1n HGP after GG excess. In effect, the results of im viteo
studies which demonptrate that the unopposed actions of GCs result
in selected protein catabolism, inhibited proteim ayntheeis,
incressed emino acid mobilization, and increassd hepatic
gluconeogenesis could not be confirmed by data cbtained from intact
animals and humsns., It is possible that the potentisl catabolic »
sction of GC excess ie offset by insulir end a new state of
homeostasis is established resulting inm the lack of an lacrease in
basal HGP.?
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Figure 3: Plasma glucose., insulin and paremeters of insulin binding
to erythroeytes in 2 groups of healthy subjects before
and after deflazacort {24 mg/day - 7 weeks: or prednlsone
{20 mg/day — 2 weaks) - Mear + SEM are indicaked,

To evaluate if the effects of GC3 on peripharal glucose uptake
are mediated by alterations in imsulin receptor binding, We measured
speciflic insulin binding (IB) in erythrocytes. The latter have
binding charscteristics comparable to insulin receptors in target
tissues.l0 Two weeks of Dfl edministratiom, in pharmacelogical
doges as indicated above, did not significantly chasnge the IB at
insulin tracer concentrations (from 7.1 + 0.9% to 8.4 + 0.5% - mean
+ S.E.M.} (Figure 5). Since the total number of insulin receptors,
determined by Scatchard analysis, increased slightly but signifi-
cantly after DfLl (38 + 4 to 55 « 7, p « 0.05), it can be concluded
that changes should have occurred in the apparent recepteor affinity
to explain the lack of significant alterstion in IB. Analysis of
the binding data, according to the negative cooperativity model,
indicated that there were proportional decreases in the effinity of
the receptor in half of the 4 subjects studied. 1In the remsining
two, there were primary changes in receptor sffinlty as indicated by
change in the ration ¥Kg/K, (Affinity censtant at high octupancy
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of the receptor/Affinity constent at low occupancy of the

recaeptor). On the other hand, equipotent doses of Pd, given during
the same period of time to ancther group of 4 health subiects, did
not change the parameters of IB (Figure 5}. This observation is
consistent with the conflicting date regarding the effect of
short-term GC administration on ineulin receptor binding to
circulating cells.11-23  1the ressons for this digcrepancy may be

due in part to the hetercgenour distribution of tissue insensitivity
to insulin in exogenous and endogencus ¢ excess. %113 1t jg
porsible that binding studies using target cells {adlpoeytes, muscle
cells) other then erythrocytes may uncover insulin-resistant tissues
with possible receptor defects. PFurthermore, in ctudies designed to
evaluate the ip vivo effects of GCs on IB to rat adipocytes and
hepatocytes, others have demons:rated that one week of dexamethasone
edministration led to marked decreasas in the ability of these
target cells to bind insulin.l¥ hen treatment was continued for

3 weeks, IB to adipocytes returned to neatr normal levels whereas in
hepatocytes, the return of IB to normal levels wee much less pro-
nounced. The tendency toward amelioration of this defect in IB
(especially with adipocytes) during more prolonged dexsmethesone
treatment was related to the known clinical ™adeptation response™ to
the steroid-induced glucose intolerance end Iinsulin resiztance
discurgsed earller. Caro and Amatrudal’ have recently demonstrated
that hepatocytes from rats treated with dexamethesons for 4 weeks
were resistant to insulin as evaluated by g-amino.sobutiric acid
uptake. However, IB was comparable to the levals observed in
hepatocytes fom control animels. Thusz, the vela:zionship between
insulin binding and insulin re:istsance postuiated ty Olefsky et
gl.,le waf not supported by these data. Another factor to be
considered, is the effect of an increasc in IB to RBC due to the
direct action of GCe, und a decrease in TP due to the CG-induced
hyperineulinemia.l3 The finding that Dfl administration induced

an increase in insulin BBC receptcr coucentretion (Figure S},
similar to the observation by Beck-Nieisen et al., ! with Pd on
monocytes, i in sccord with the suggestion tnat GUs act on insulin
receptors directly or through a fectoris) other than insulin since
they seem “c eliminate the down-regulatory 2ffect of insulin.
Assuming that IB to erythrocytes reflects I8 to ineulin target
tigsues, our results could suggest that insuliil resiztance produced
by corticoids depends upon a pont-raceptor alterstion, leadiug to a
decreased peripheral glucose u-illzatior. ¥n addit.om, increased
HGPF {gluconeogenesis) with diminished auppreﬂsicnlb could also be
involved.

In endogenous hypercortisolism., the sigrificant elevations of
bleod glucose at all times obsarved during oril GIT, wae assgociated
with lneressed mean-plasme insui:n values {Fizure 6). These data
are consistent with an inaulin resistent state. Evidence that the
hyperingulinamic stete in our Cushing's subjects was not exclusively
due to the patients® obesity was provided by the gtudy of the

:.“ B %i
i ;— AR S W T R T 3 T I AR TILALIN I U I A K 1 S —




32 B. L. WAJCHENBERG ET AL,

200
CUSHING'S DISEASE
.30 _
3 Y 4
4 + w,{
o _5 t /"I;;Sb!rpic‘s
B wcly T 2‘£e\ - |
x4 a, .
3 § . | - l
= =y - MO0
NORNAL x / |
8 - S
2 s} i 2 !
a %0 :‘. a0 a l e OBESE
A A B
el S ]
/:.’. H‘““‘L:"“*——.._____x
(./ ROAWAL
A 1 B— | - . el
<] 30 80 120 180 5] 1o &0 120 30

TIME ( Mi=UTES

Figure 6: Mean 3+ SEM blood glucose and plaesma insulin responses to
oral glucose (100 g) in normal controls (n = 3), obese
non-diabetics {n = 5) and patients with Cushing's dissase
{(n = 5), all females.

relationehip between the ratio body welght (Kg)/Height {(cm) -~ HW/HG
~ and besel plesma insulin (IRI) (Figure 7): The Cushingoid
patients had proportlonally higher levels of plasma IRY realative to
the ratio BW/H, a3 compared with the dste sbtained from normal plus
obese subjecis. These observations suggest that ©Cg 4lone can lead
to insulin resistance independent from alterations ia body weight.

The mildness of the insulin resistance in Cushing's disease is
indicated by the normal or slightly decreased glucose responge Lo
the usually smployed doge of intravenous insulin (0.1 V/Rg). Eval-
uating the response to intra-ecteriel (krachlal artevy} insulin in 3
patients with Cushing's syndrome, we have shown no selective fall in
the glucose level of venous blood from the injected &rm, this
finding 18 consistent with an impsirment in tte direct peripheral
action of insulin, The effect of the circulated insulin, evaluated
from the difference betwean the arterlal and contralateral venaus,
levela of glucose, i3 greater than normal in two of the patients.
Thug, tissue ingensitivity to insulin appescrs to be heter-
ogenous in endogenous hypercortisolism.

On the other hend, HGP, evaluated in the post-shsorptive state
by tritiated glucose equilibrium technigue in two patients with
severe Cushing's syndrome, was below the normal range in one subject
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Pigure 7: Correlation between the ratic bedy welght (Kg) over
height - BW/H - and basal plasma insulin {IRI) obtained
with data from normal end obese non-diabetic gubjectks,
Cushing’'s patients have disproportiocnally higher IRI
levels than normels and obese subjecta, in relation to
the BW/H ratio.

and in the upper limit of normal in the other patient with fasting
hypetglycemia {Table 1). The hyperinsulinemia present in petient 1
(39 uwU/ml) coculd offset the potential catabolic action of hyper-
cortisolism and hypergluconecgenesis with suppression of HGF. How-
ever, in case 2 the ingulin levels (5Zul/ml) were probubly rot ade-
quate to overcome the hyperglycemic effects of GCs both on the liver
end the periphery.

The axtent to which chronic cortigol axcess causer insulin
resistance in wen by impairing the ability of insulin vo guppress
glucose production and stimulete glucosgse utilizatlon is unknown.
Whether such potential effects are medisted by alterations in insu-
lio receptor binding is also unknown. We have demonstrated that, in
Cuehing's disease, IB to red blocd cells {(RBC} et tracer insulin
concentrations was not statistically differeat from normal subjacts
{6.88 + 0.93% in Cushing's ve. 5.90 + 0.4% in normals; mean + SEMW;
p>D.05). The ohese non-diabetic controles had lower binding curves,
and were gtatisticelly significant wher compared to date obtalned
from patients with Cushing‘s diseagse (Figure 8). The total nunmbar
of insulin receptors per RBC, determined by Scatchard analysis, was
simllar in the normals (41 + 7) and Cushing's patients (42 + 5), but
lower in the obese sublects (31 + 6). The wffinity profile was
similar in the rthree groups (Pigure 9). Thug, while in tha obesge
subjects the inzulin resistance could be attributed ko a decreased
number or recentors per cell and at least partislly te &« defect at

o
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Table 1
sspa Q8yT HGP
(steady—state (ntoady-state vheparnie glucese
Patient plasma glucose) plesme inauvian; production)
—mg/dl- —ulimd~ - Kgsmin-
1 89 Iy e ¢ 0l
2 186 I A e 3. 64
normals 80.5 PTI 2.93
{(n = &) et il i
Mean + SEM 2.6 L 0.19

the receptor levels, petients with Cushing's diresse with comparable
degree of obegity hed normal tindime and no al:erstions in the pars-
meters of hormone-receptor intersction. Therefore, neither the pre-
sence of obesity nor tha elevated olasma insulin levels had any
spparent effect on the insulin-recentor interscticn in Cushing's
disease. This suggests that the ingulin resisrance sasociated with
the long-term hypercortisolism of Cushinz's syndrome could be inda.
pendent from alterations et the receptor level, nentrazting with
date obtained in short-term experiments of others.*i-13 oOur cumu-
lative results suggest that chronic endogenous hypercortisolism
results in a post-receptor impairmert *n insulin action, leasding to
decreased peripheral glucose utilizetion in & variety of tissues.
This conclusion, however, is at varlance with the erhsnced overall
glucose diesposal obeerved in pstientes with Cushing's syndrome (Table
2). Indeed, Igsekutz and co-suthors, siudying Lhe metabolic
clearance rate of glucose in vivo by radioiabeled glucose infusion
techniques in dogs, demonstrated that 3-day treatment with methyl-
prednisolone leads to a 7O0% increase in giucose turnover.1%:

Thesze observations could be interpreted to indicate that cortisol
excess had blunted the suppression of hepatic glucose nroductlon by
insulin but not extrahepatic stimuletion of glucose utilization by
ingulin. This conclusicn is not in aceordance with tha well egte-
blished effect of GCs teo inbhibit glucose utilization in vitre in a
variety of tissues.?® Since glucose utilization in vive is a3 Funec-
tion of both plasma insulin and plasma glucose cancentration,la

the increased rates of glucose utilization were probably not
appropriate for the prevailing hyperglycemie and hyperinsulinemia.

GLUCOCORIICOIDS AND THE HYPCTHALAMIC-PITULTARY-ADRERAL AXIS (HPA}

When the levels of circulating cortiscl increese, binding gites

in the hypothalamus (and probably alse g the pltuitary) eare
occupied and corticotropin-releasiny factor (CRF) is no longer
elaborated until concentrations of cortisol in the extracellular
fluid decline. Levels of GCs eguipoteant to or greater than
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Figure 8: Tihibition - competition curves with data from Cushing's
putients, normel and obeze non-diabetic subjects
b - Cughing's patients, statistically different from
obese subjiects at a 5% level.
¢t - Kormal subjects, statistically different from obese
gubjacte at & 5% level.
Eecsults mre corracted to a final erythrocyte
concentrstion of 4.5 % 10% BEC/ml.

physiologicel concentrations of cortisol {(correspoident to more than
7.5 mg/day of Pd 21y when maintained, sctivate the inhibitory Feed-
back pathweys. The sdrenal atrophy is apparent after 10 days of
high-dose GU therapy. Adrenal hypofunction is complietely reversible
when caused by deprivetion of ACTH and reduced ACITH--gsecretory acti-
-1 vities, resulting from deprivation of CRF.Z? CRF production is

oy variably suppressed during the first 1 and ? weeks of stercid ther-
apy, but if therapy is extended, responeiveness of the HPA is pro-
greasively diminished and continues after steroids ere withdrawn.

'4 Inhibition of the feedback msy persict for & to 12 months if corti-
_ costercid levele are maintained in the supraphysiologic range for

} enly 2 weeks. 22  The responsiveness to stresgs however may recover

k much earlier.

During our comparative study in normal healtny volunteerz of &
2-week trecinent with equipotent anti-inflammstory pharmacological
doses of Pd 20 mg/dsay) and DfYl (24 mg/day) we ware able to evaluate
the abnormalities in HPA and to characterize HPA functicn 1 month
after stsroid cessation. The ingulin tolerance test (ITT) was used
to measure tihe HPA funciion,?% Because the ITT is dependent upon
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Figure 9: Scatchard analysis obtained from mean data from patients
with Cushing's diseass, normals and obese non-diabetic
subjects. The inset shows the effinity profiles also
obteined with the mean data.

adrenal cortisol output as an in vivo assessment of physiologic ACTH
release, this test was paired, at leeast in some patlents, with a
standardized synthetic ACTH stimuletion test ueing pharmacologic
doses of ACTH (Bl-24 ACTH; 250 ug I.V.). This allowad correlation
of cortisol increments induced by hypoglycemia with the maximum
ability of the adrenal glend to reaspond. The Lysine-vasopressin
(LVP) test (10 PU Y.M.) wag used to evaluate pituitary ACTH re-
serve. By combining the 3 tests, we could better identify the
character of the HPA hyporesponsiveness that occurs after a
suppressive course of GC therapy.

Diurnal rhythm of plasma cortisol levels were also measured in
order to estimate hypothalemic control of the early morning rise of
plasme cortisol. As noted in Figures 2 and 10, there was & decrease
in fasting plesme cortisol (F). Thig effect wes more intense in the
majority of subjects on Dfl but less in the Pd-treated ones. While
glucose responses to ITT were similar prior, after 2 weeks GC
treatment and 1 month after GC cessation, the assesament of
hypothalamic-pitultary release of ACTE by F response to insulin-
induced hypoglycemia showed a significant reduction in basal F in 3
of the 5 subjects on Dfl. However, the relative maximum response
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Teble 2 Intravenous glucose tolersnce test in 7 womer with
Cushing's syndrome (Pupo, Wajchenbarg and Schnaider,
1966) .

DISAPP, COMPARISON
PATIENTS AGE (yr ) RAYE TO NORMAL
: k %
t z2m © DO2IE +
2 - 0.0237 i
3 35 00413 L]
4 28 0.0152 N,
5 2e [+XVIR.Y:] N
8 e 0.0z88 Fy
7 26 0.0-2089 )

NORMAL WOMEN": 0.0143 * 0 0035

# MEAM ¥ 95 % GOMFIDEMCE LIMITS

(A/Basal 3 100 = A%), which permitted evaluation of the F

regonse to hypoglycemia independant c¢f factcrs influencing the basal
level, wes significantly greater on Dfl than in the control test
{mear countral: 73% vs, mean Dfl: 694%, p<0.01). Furthermore,
despite low 8 a.m. F levels, thers was an eviden: decrease to much
lower values at midnight followed by :he expactel rige in the esarly
morning sample (¥Figure 10). The same group of patients responded
well to LVP (mean A for contrel: 3.00 vs. maan & for DEL: 3.64
ug/dl, p»>0.05) or mean RA for control: 34% vs. mean %A for

Dfl: 319%, p<0¢.0l). The "blunted” response by the sdrenal to
insulin-induced hypoglycemia has been gteviously shown after
short-courses of high-dogse GC therapy,<® chronic stsroid

thetapy23 and long-term intermittent etarcid treatment .26

Similarly, the response to LVP was found to be abolished or markedly
impaired, using the same criteria, ir. all patients recelving

ccre. 27 However, accordingly to the well known fact that a
variation of response of the HPA is cbzarved from patient to
patient, in the 2 remaining subjects on DF1l with lesser reduction of
bagal ¥ {M4ES and LMN - Flgure 2) there was a normal ¥ responsiveness
to ITT in one, and greatly blunted inecressa “n #F in absolute and
relative values in the other subject. 1In the tests indicated in
Figure 10 they behaved normal’ly. When A% wes teken into
consideration, during ITT and LVP, we could guggest that, on a
two-week Df1l treatment, the responses were appropriate relative to
the basal cortisol concentrations, the HPA being rteset at a lower »
level. Similar concluslions =an bs Arawa from the data obtained
during scudies of the diurnal riythm of ¥ uvsing a highly sensitive
radiolmmunoassay.
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Figure 10: Comparison of the effeuis of a 2-weei treatment with
equipotent doses of defiazuacore - DIl {24 mg/day) on
cortigol diurnal rhythm and lystuesvasopressin test (10
P.O. I.M.) in 2 groupy of aealthy Temele volunteers.

In patients treated with Pd a dirferent pattecn eomerped (Figure
2). A similar reduction in the 8 a.m. basal plasma F lavels wae
cbserved with no rise during ITT in 3 of the & patjents studied.

The same subjects had a small decresse in F ccncentrations at &4 p.m.

but at midnight the values were actuelly higher (5.17 4+ 0.40 ug/dl,
mean + SEM) but much more when compared to the very low F values
observed st this time in the control study {(1.60 & 0.17 wg/dl).
Furthermore, they did not respond to LVP (Figure 10). When these
tests were palired with the standardi:zed ACTH stimuletion, resuvlts
abtained in two of the subjectz (lacrk ot F response) suggested that
the limiting factor in the overall EPM response wos the reduced
ability of the adrenal gland to produce F. Thie kad led others to
suggest that a normal response to the administration of &n intra-
venoug bolus of synthetic ACTH Bredicts intact HPA function after
long and short-term GC excess, 2290 ag expacted, when ACTH levels
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were measured during the LVP testing, g decrease in basal ACTH
levels wag not obderved when compared to the control teast., Thare
was 8lsc no elevation efter LVP injection. These data revealed that
the adrenal feilure was consistent with the reduction in pituitary
ACTH reserve.

It has been indicated that the maximum response to excgencus
ACTH corregponds to the maximal cortiscl level observed during the
induction of genersl snesthesia aend surgery in patients who have
received GC therapy.23 while it has bean shcwn that a rocmal
response of the plasma F level to anesthesia end to surgery is
asgociated with a normal response to insuliz-induced hypogly-
cemla,28 it has not been shown that an impaired response to
anesthegia end surgery is regularly asgsoclated with an ebnormal
response to insulin- induced hypoglycemia in patients who have
received GCs. Furthermore, some patients who heve been on GCz have
normal response to ACTH and abnormal response to insulin-induced
hypoglycemlia and LVP.23 These last two tests are perhaps more
sengitive indicators of the HPA reserve than ACTH teeting. Since
pharmacokinetic and metabolic studies did not show gubstantial
differences in the metabolic fates of deflazacort in rat end man,
the longer duration of sction of deflazacort es compered to pred-
nisone in rats, if confirmed in man.31 could be 8 factor in the
interpretation of the different results obtained with the tests when
Dfl and Pd were compared. Thus, Dfl could plock the hypothalamus
decressing CRF, the HPA being reset at a lowe: level. Pd being a
shorter-lasting GC,31 would have less suporessive action on the
hypothalemus, with less reduccioa 1n bassl F levels wnen compared to
Dfl treatment. However, the lack of [TT and LVP response is not
compatible with cur suggestlon unless we postulaste a significant
pituitary action 5f the steroid with either loss to stress respon-
siveness, or a lesser effect on feedeack resgponsiveness end impaie-
ment 5 the ability to respond to scress as it has teen demon-
strated in patlents on intermittent steroid therapy.25 However,
it is diflficult to explein the significaativ greater midnight level
after Pd in comparigson to the coutrol study. GSuppression of HPA is
legg whan GC's are given as a single dose in the morning, than when
e gingle evening dose is given or the dose is divided throughout the
day. Furzherwmore, 'f the mo:ning dose is glven on alternute days or
even lass frequently, less inviblition restlts Lhan observed from
deily dosing gatients even when the 4o2tsl aucunt of drug given is
identical.2¢:23 An alternste-day regimen may n10t, however, main-
tein therapeutic coutrol, particularly wich diweases such as asth-
ma. Giving ACTH concurrently with steroids3? or transferring feom
cral stzrolde to ACTH does not gpesd recovery Crom HPA inhibition.33
In genscal, therefore, the minimur possibla dose of s aroid
should he given for the minimum veviod of time - & reguirement that
may conflict with tne sor:i >f regimsn needed to control a thronmic
digsease. GUs should not bhe given mnors ofta than once dally-in the
morning. Patients taking high snough doses of sterwids, equivalent
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to 20 or 30 mg per day of Pd, for more thaa 4 week hiave a suppresdsed
HPA axis; the occurrence of any form of gtregs is a0 indication for
an increape in dose. When patients ere treated witn GCB within the
previous 2 to 3 months, the responses to iiewlin-induied hyvoglvcemia
indicates whether the respnse to stress has rocovered.®® If not

the case these patients should be treate! If curgery is essencial or
for any febuli illness. When the intecvai since sterord treatment

ig 3 to 12 months resumption of tr=atment should depenc on clinieal
asgessment of signe of adrensl insufficisney during severe illness

or during an ACTH test. The tuxiaal resnonszes of (he pimsma F lsvel
to such a test correlates, it generil, vith ths masimal response to
general anesthesia and sursery.3° Jeherwise, one may .reat the
patlent as though adrenocortical iansuftf.ency was present. In pa-
tients who have received long-term WITH therapy, there is no comvin-
cing evidence of the dsvelosment <f HPA suppression¢33 Since

there are physiological reasons to naticzipake that 3uch thegepy may
cause hypothalamic-pituitary suppression vie cannot caismiss this
possibility if such a patient becomes hypsaiensive ar develops other
symptoms or signs which suggest GC iagutficlency. In sueh patlients,
ACTH testing is of no velue, but the L2 or iuszalin-induced hypo-
glycemisa may be helpful. 1In case of guzvected nypothalamic-pituitary
suppresaion following ACIH therapy. w2ne dhould attemp: to demonsirate
this condition by either & pluema F lev:l or an apgropriate functien
teat (ag the elinicel situation perrais’ and then manage the patients
ag though insufficiency were present, a* lesst until tae resulis of
the test become available.

It has been shown thet tfollowing the abrupi termination of high-
dose short-term GC therapy (25 mg Pd twice datly during § days’
hypothalamic-pituitary perception of skress i3 intact but the corti-
sol out-put is suppressed due to adremal gland nyporesponsiveness.
This accounts for the reduced peak F response to paysiclegic ACTH
relesse following hypoplycemia. Jome decreage in respoase (18%) to
ACTH stimuletion may still he present 5 days aftec the kreatment.

In our comparsative study of equipotent pnarmecological doses

of Pd and Dfl, for 2 weeksg, the patients were tested 1 month after
steroid therapy was discontinued. 7The oresence of normal or slight-
1y lower basal, 8 a.m., plasma F level with return of its normal cir-
cadian rhythm and LVP responsiveness indicated that upon cessation
of steroid treetment there was complete recovery of HPA. However,
Jasan} et g;..35 and Livanou et gi..zl after long-term GC treat-
ment, observed that feedback responsiveness was regained before
stresse responsivenesa. The difference betwesen feed-back regulation
and stress regpons{veness may be quantitative rather than gqualita-
tive, the different degrees of hypothslamic suppression presenting a
gpectrum of impairment of varleble severity. Following prolonged
suppression of HPA with GCg, pituitavy-adrensl reancovery was found by
Graber et gl.,zg to follow a4 definite putcern requiring several
monthe for completion, as indiceted in “able 3. Ag noted in Table
3, recovery of ACTH secretian cccurs initially followed gome time

A
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Table 3: Recovery of the HPA following long-term glucocorticoid
treatment (Graber et sl., 1965).

TIME AFTER PLASMA PLASMA ADRENAL RESPONSIV.
STEROID F ACTH TO EXOG. ACTH
INTERRUPTION
{MONTHS)
\ LOW Low DECREASED
2-5 LOW NORMAL TO HIGH DECRE ASED
€~9 NORMAL NORMAL DECREASED
29 NORMAL NORMAL NORMAL

later by normal adrenocorticsel steroid production, when the adrenal
had been sufficiently stiwulated by endogenous ACTH. Pituitery
recovery appears to be the limiting factor. This pattern explains
why the recovery of pituitary-adrenal responsiveness cannot be
accelereted by exogenous ACTH therapy.

Table 4: Protocol for glucocorticoid withdrawal (Byyny, 1976}.

_STEP _INTERVAL OBSERVAT |ON RESULT _GLUCQCORTICOID & DOSE
I VARIABLE UNDERLYING WORSENING GRADUAL DECREMENTS
DISEASE UNDERLYING OF 2.5 TO 5mg AlE
DISEASE, q.3TO T DAYS —»
STEROCID Smg N E /DAY
W THDRAWAL { posace: rLareur
SYMPTOMS OF DISEASE.
OCSAGE: BTRESS
I 4 wh 8 AM PLASMA PLASMA F:
F < 10 pug/dl BEGIN &E Bmg /DAY
——» TAPER BY |.25mg/
DAY OMCE / WEEK
—n 2. 3mg § MORNING
t bosace: sTRESS
> 10 pg/él STOP MAINTENANCE AE
DOSAGE: STRESS
m 4 wk- eaM PLASMA F SUPPL. FOR STRESS
INDEFINITE 250 1M INCREMENT
Ql- 24 ACTH < 8 OR
MAX I MUIE
< 20 ug sdl
1 OR BOTH)
™ 4 wk— BAM. PLASMA F STOP SUPPL. FOR o
INDEFINITE 230 i M. INCREMENT STRESS
i+ @n-zo ACTH >@ OR { RECOVERY HPA AX{S)
H3y MA X UM

1L > 20 pyg/dl




42 E. L. WAJCHENBERG ET AL.

The major problem in GC withdrawal i3 the difficulty in deter- Ty
mining when the patient has satisfactorily recovered form the gte- L J
roid suppression. Recovery of basal adrenocortical function can be X
evaluated by the determination of the morning plasma F, However, i .
this value does not indica%e that the cortex hes sufficiently reco- A |

vered to increase cortisol secretion adequately in response to
stress, The latter could be evaluated, as previously mentioned, by
the ITT. From the knowledge that adrenzl cortexr recovery lags o)
behind that of the pituitary in the early recovery phase, it can be i ¥
expected that the acute hypoglycemic stress will esult in an incre- i
ment of ACTH while the cortex continues to be unresponsive. On this
basis, one cen usually essume that complete recovery has occurred
when the adrenal gland is capable of a F secretory response after a
brief pulse of exogenous ACTH.2? It should therefore be possible
to establish a protocol for GC withdrawal with minimum symptoms,
relative convenience for the patient and relative certainty for the _
physician (Teble 4). |
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