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• ~PARTI(IJ.IA ASPECTS--OF MEF AD1.1.MAL CORTEX FUNCTION IN PULMONARY

TUBERCULOSIS AND MNASSOCIATED TB!DIABETES

From: M.inerva Medics 56:742-756, By: C. Matarazzo, F.Chiummo
9and A. Pirelli

It is common knowledge, that tuberculosis can take a mul-
tipl•.!'ýity of ferins,, both in t~he symnptoms that accompany its
initý'.tl appearance, evolution, course and termination, and in :
tho traces it leaves behind it in -the host organism. -It is no -
less variable in the range of causes that may determine it.

Attempts are made periodically to explain this property
of T1 on the basis of one or another of the factors even re-

,,motel '.y related to it: etiology, bacterial strains and their
•i!varL~t~y in virulence, resistance,, numbers, and point of entry
i,•into t~ho organism, or aga-in -the host organism itself, 'human or,
if animal, in which the disease develops, its constitution and its
S,,•inti:•%ae structure.

_•/ innumerable studios have been mýýI•e of the mycobacteria,
•, ~tl~ .••ae responses, aud the somratic, neural -and endocrine
i•~ ~ O I•. U ,.;on of TB victijs. C3ertainly these bacteriological
•a t~d at•.ed studies are ecmsontial. But no loes important is
:• the tiu~dy of the affected organism.

For a number of years,, ?a rticular physical constitu-
ti•on known as the "phthysic look• was assigned great importance
as J. predisposing, if not a decisive factor in the transition

Sf ýo • Ln['ple infection to so~rious illness, particularly in cases
o.L 1;l.drueary 'rB. Today t.his idea has lost much of its validity.
IV,, ý, ok, loan, rather oautiously, towards the hypothesis that the
play,,.•al constitution ta'y, at the very most, allow certain



forins v.nd phenomena of the disaase to take h01di. The indivi-
dual mtJ.•eup exerts its groatest influence in determining the_ seriouý;ess of the disease and its course. 11) It is certain
thaf i.(vaced tuberculosis, in subjects who fall inLo the con-

stiLut..onal category known as "elongated asthenic (with all
the c(.:-•.)1ated diathesic wev~knasscs: exudative, thymolymphatic,
et~c.), ,!ue1 s present a typicrl pattern in the majority of cases.
These :-u.-.j1Jcts are precisely the ones who-are candidates for
the cironic forms of apical tuberculosis (2).

Much, of course, has been said about the pro-disposing
facto:r, most of them identified with those exogenous factors
affec-Ing the particular subject:nourishment, environmental con-
ditions, hygiene, climate, and. the like.

And yet, there are neurological and endocrinological fac-

tors, and hence factors relating to the individual's constitution
and to his outside environment, which come into play in the onset
of tuberculosis.

In clinical practise, however, the whole picture of symp-
toms .-.zsociated with the manifestation of tuberculosis-is very.
diversified, unfortunately, and, on the other hand, our ideas as
to tho precise nature of the pathogenic organism that causes the
disease are incomplete. .Hence the necessity for singling out,
by mez•ns of studies of the specific functions of the organism,
the co•istant and characteristic modifications that make it pos-
sible Tor the disease to gain a foothold, in whatever form it
may a..,:ame.

P tulmonary tuberculosis, as a matter of fact, sometimes
appearix full-fledged, with the complete syndrome of the acute
infectious form (high fever, toxic somnolence, tachycardia, hy-
potension). On other occasions, it comes on slowly, with all the
symptuis attenuated (persistent low-grade fever, headache, ano-
rexia, etc.). And, at still other times, its progress is com-
pletely masked, and the disease is far advanced when it is aoci-'
dentally discovered.

Therefore, although we must agree that tuberculosis is a
aiiiglr etiological agent, the fact remains that there is nct, in
all its countless manifestations, a single symptom or diagnostic
elcmnent to which we can point and say: "There: that is a basic
phcnorreron belonging to the clinical syndrome." -We might call
asthet:i.z. a common denominator: a careful scrutiny of available
cace hiis-uries would reveal its presence with, a frequency clo-
3er to constant than ¶uy other single .sign. But we should un-
questionably run into problems were we to try to call asthenia
'the determining symptom, What might be done is to identify it
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as a c "inical manifestation of tha cause of the disease, or. -
consid it one of the effects of the unknown pathogen.

currently popular is the theory that certain functional 4
;.ttituii::s of the endocrine glands may sG affect the organism-as
to pre:Iispose it to tubercul.osis. The possibility that the pa-
-.hogeni*, moment might be singled out as a particular abnormal
state *jf some organic reaction has concentrated the, attention
of res rch workers on the operation of the pituitary and the
*uirena,. 13-4-5)

".Ahe influence of the pituitary on the insurgence and evo-
lution of tuberculosis, despit, all the study, and attention de-
vuted to it, is still fr .froin being clearly understood. The
findings of even the most recent studies in this area are wildly
discordant with each other. Theze is not even universal agree-
iient on the belief thfat the proneness to tuberculosis may be af-
fected by removal of the pituitary. For example, Tonutti et al. .-
(6-7-8) reported ti.at cne case of TB was aggravated by hypophys-
ectomy, while Rossler i 9) reported improvement following the same
operation. Then, in addition, there is no lack of opinion (10)
to the effect that removal of the pituitary has nothing whatever
to Cio ;ith either the onset or the development of the diseas-e.
In 195(-, it was reported that sufferers from cachexia hypophysio-
priv'a (11-12) were immune from tuberculosis.- However, far from re-' •
cent reports have it that during total or partial hypopituitarism
there ib less resistance to tuberculosis (13-14-15-16-17). These
reports, furthermore, are based solely on clinical opinion, with-
out ar~y corroboration from laboratory data. Very careful studies
by Gr~ssi and his co-workers (18) failed to show any lessening in.
resist.L.nee to tubercular infection in rats after hypophysectomy.
These Authors, however, have attributed special significance to
these findings, for reasons which will be revealed subsequently.
even though the Grassi findings may be superimposed on those of
earlier experiments by Rassler (9) and Michael (19).

Again, the universally held opinion that ACTH and the ad-
i~nal cortex hormones were absolutely counter-indicated in tuber-
hlosits has undergone complete revision. Just in the last few
months, the findings of Lurie and his co-workers (20) on rabbits
were confirmed by Spain's (21) work on guinea pigs, and lastly
by Michael and his group (19) in their studios of rats. In Lhoso
experitaonts it was found that animals which were normally resist-
ant to tuberculosis buame susceptible after treatment with cor-
tison3j. Bunn (23) reports that ACTIH aggravates the tubercular in-
fection in rabbits, and Selye (24) confirms this deleterious ef-
fect c;C the hormone in tubercular infections, and extends the in-
S dicatJn to human pathology. ,Opposing interpretations of the ef-
fect ,cme from Le Maistre 25), who maintains th•at the adverse

-3-

-a- i



¶ -

reaction should be attributed to pharmacological, rather than
hormonal action, since the doses were excessive.

For that matter, even today, we tend to downgrade the
findingu of these pioneering experiments, particularly when we
consider how readily ACTH can be made inactive. Most writers
today agree that the reported aggravation of tubercular infec-
tion following administration of cortisone, .administered in

-large doses, was mostly attributable to the antagonistic action
of-the hormone to simultanoous, streptomycin therapy (26).

"More recently, Grassi (27) reported that ACTH and corti-
sone aggravate the tubercular infection in rA'ts, and at the same
time make the animal more sensitive to exposure to infection.
Applying his findipgs to human pathology, the same writer holds
that treatment with ACTH or cortisone alone is counter-indica-
ted in all forms of pulmonary tuberculosis. This writer does
-admit that such hormones may be used for more rapid resolution
of the exudative processes, in association with specific anti-
bacterial agents. He does limit this admission to the newer
forms of the hormone, strictly ruling out any possibility of
hormone therapy in the earlier forms. In conclusion, Grassi
states that the adrenal cortex is the -critical organ in the bo-
dy's natural defenses against tubercular infection.

The lack of agreement on the effects-of hypophysectomy
derives, as we have already noted, from the observation that
the adrenal cortex can continue its incretory activity for a
considorable time after ablation of the pituitary.

Kass and his group (28) conducted a far more penetrating
study on the comparative effects of corticosterone and hydrocor-
tisdno on resistance to infection. They conducted their research
on rabbits, and used a method which allowed them to take blood
samplcE; ftom the adrenal veins. The datu they gathered in this
resoa3i-:n led these writers to reason that: while hydrocortisone
increeues vulnerability to infection and adversely modifies the
immunc, state of the organism. corticosterone, given in the same
doses, plays no part in the production of antibodies. As a mat-
ter of fact, the antibody rate remains the same after all hormones
are a!wii-istered. Partioilarly interesting is the behavior of
of A(.,'!,I in large doses, when it acts very like hydrocortisono in
depre,-;:3ing the antibody production process. The writers, con-
tinuiu'g their studies of the adrenal cortex function in the same
animals, decided to approach the problem from the angle of the
dynamic properties of the adrenals. They noted that prolonged
stimu.•t ion with ACTH can induce a qualitative change in the so-
cretioi, involvin%, changes In the ratio* among the various ste-
roid .actions. -n these animals, after treatment with oortico-
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t•ropin.. the predominant storoid in the adrenal cortex secre-
tion bjcame hydrocortisone, innstead of corticosterone as it had
been originally. According to Kass, other stimuli of endogrenous
nature can affect the adrenzl1 cortex, causing various and still
undefinable changes in the qaarntiLative output ratio of these
two steroids.

-.f extreme interest 's'Iho correlation between modifica-
tion oi; tht adrenal corte:i :c r•-tions and resistance to tuber-

culosi"ý In tVi~s same stud*-,, L-ass performed several experi.-
monts !I rabbits geneticaill r(osistant to TB. The production
of Ivyd,-ocortisOne was very high in both the sensitive and res-
bant s;.rains, Aut the former soecreted twice ae much of it as
did th,3 latter. Stimulation with ACTU induces in some rabbits,
irresp;lctive of the fact that the total secretion is quantita-
Uively less, a hyftocortisono output far higher than any found
in gen'itically resista~Tht-an•i•L•1l• which bad •een experimie9tally
infected. Al"t-]•i-sh - according to Kass' s g•uI,( suggest' that
the tul.-ercular infection causes a basic change in the functional
attituf;' of the adronals, and that this change affects not only
the to.;] quantity of steroid hormones sczreted, but alsoand
ý4-F-Iw , -ho quantitative Jb~]nce among the various oteroid frao-

We find it eminently worth-whi.le to lay special emphasis
on the importance of this observation. For the first time, we
see the ilccent put on the qualitative aspect of the adrenal cor-
tex secetion, rather than on the nmrely quantitative one, and
this ik being done in connection with the physiopathology of the
adrena I cortex in its relatiolnsip with tuberculosis. As we
shall ,o, latex on, our own rv-,3arch will tend towards the same
oonclv.,ins. After a serie!.- of' inquiries, we were convinced
that C1.1i_,-hrough the study of the quantitative relationships
among L.ht various steroids, c•ould we Linally' oome to know the
real iu•otional purpose of the adrenal cortex,, and the signifi-
cance (ý;' its variations in the presence of tuberculosis, ,.

/

Tho study of the Adrenal cortex function in man luring
the cu•urso of pulmonary tuboercul.osis, as covered in the litora-
turo, providos us with data coiocrning the behavior of the 17
urinar, corticosteroids, which are all diminished in quantiLy
(29-4, , particularly in oases where the prognosis is gravo(31)or
in th, chronic pattern (32).

,iome writers claim to find a relationship between Lhh con-
comitd.d, liver damage and the dwindling excretion of the 17-KI;.

I I I I I I I I I
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In mal• subjects, they imputo responsibility for the diminished
urinary elimination of the 17-KS to the testicular hormones.
(33-34-,35).

Rarer, and in markedly, less agreement, are references in i
the literature to the corLicoids excreted in the urine. A di-
minution is reported (36), particularly in cases with accompany-
ing nci L'o-vegetative disorders, and an increase (31) in cases
where I.'ie prognosIs is gravo. There is no lack of write 's who
hold that excretion of those Steroids is in no way influenced
by the presence of tubercul " r infootion.(30). WYe should like,
howovcr, to stress the fact that these data essentially reflect
Lhe ir4d disparity of of current opinion ort the diagnostic

value to be attributed to modern tests of adrenal cortex func-
tion, from the strictly technical point of view, and hence are
of vert, slight value or utility in accurate orientation on func-
tional symnptomatology. l'Vhilo on the one hand it is well to
keep ;it mind the monumental difficulty of obtaining uniform cli-
nical ,,valuations on the aspects of a disease which provokes
so mar- and such profoundly differing manifestations, we must
also ,-�1;r in mind the extreme complexity of the quantitative
9va]uc 1,4on procedures requirW4 for the adrenal cortex steroids,
which o,:"%oen mimic standards so different as to render any uni-
formi Ii4-orpretation of results difficult indeed. Add to this
the facL that, very often, these same data are the expression
of a "IiL~uational state" of the adrenal cortex, rather than a
roundod .3cture derived from the exploratory dynamic study of
the glaid, including ACTH stimulation, which would provide us
with c. more reliable assessment of its functional state.

~~ §§
The opportunity to attack the problem using time-tested

sethocil and procedures (87-,18) led us to conduct our invostiga-
tions 0,) subjects with pulmonary tuberculosis, of various types
and it v.irious stages of development of the disease, before and
aftor i~tmulation with ACTH. Te found it convenient to divide
our oa•,sos into large groups, so us to gather, wherever it offer-
ed, a npooifio functional anonaly in different clinicalpatterns.

* ff~ox~ininod our cases individually, grouping them as follows:
a Jpri•ary tuberculosa; I) post-primary: acute (phih~iognous

* and no1m-p)ysiiogenous), chron ic & avittr- and non-*avitaryl.
Then Dt evaluating their behavior in urinary elimination of the
cortLco,4teroids, we shall follow this same order in Table 1.

.,At us say right now that our case histories cover mostly
femal, subjoots.- For one reason, most of the patients came from
an iox, asively female sanatorium. For the other, we deliberatoly
chose 'asalo subjoets in order to obviate the chance of urinary

-. .- ..
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excretions of testicular androgens, which might possibly distort
the findings.

Primary tuberculosis --- Here, of course, because of the nature
"or the'lness, 'we are dealing primarily with children, none of
them over ten years of age, and in all of whom the appearance
of the malady had been comparatively recent.

-17-KS. Basal elimination, even in view of age and sex, was
markedly low, with a considerable increase in the catabolytic
compunents after administration of ACTH. .•

"17-OH. Even though at very low limits, these can still be con-
sidered as falling within the bounds of the normal, with excel-
lent response to ACTH stimulation,

CRT. The total reducing corticoids fall comfortably within
the limits of the normal. However, we did discern a certain
dissociation in the elimination of the oorticoide themselves
(change in the 17-OH/desoxy ratio).

Acute, non-phthysioaen o --- For all fractions, low basal elimi-
nation ievels, Reponse to ACTH, on the contrary, was invariably
good. The desozy fractions were well within the norm

Aoutfa. hthJsio~ic -- 17-KS. Basal elimination in about 70%
or ies0 oases was Tow (grave cases), but some normal readings
wer, found. Stimulation with ACTH!, with the exception of the
4th, 17th and .19th oases, produced extremely scant response,
sometimes so weak as to be almost undetectable.

17-OH. With the exception of case 17? there was a visible dimi-
nution In 60% of the cases. In the others, excretion levels
were low, but still adequate to put them within the normal limits*
The response to ACTH was consistently weak or absent.

CRT. With the exception of case 17, elimination was very scant,
and response to ACTH weak or non-existent.

chronic. non-coavi tary --- 17-U. Basal elimination values very
low. raa' Increase after administration of ACTR,

17-OH. Basal elimination values low or very low* ACTH response
present, though not always marked,

CRT. Parallels the i-O1R fraction both in basal elimination
and Is ACTI responsio Values for the desoz7 traetions, however,
were not fat tfrm the zomal levels.o

"I - - -JJ i. iN u i llF
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TABLE 1

URINARY ELIMINATION OF CORTICOSTFEROIDS IN PULMONARY TB SUBJECTS BEFORE & AFTER

N Basal After ACTHN .Id. S Age 17KS 17-OH CRT 17Des6x 17KS 17-OH CRT 17Dosoz Diagnos

1 MG F 12 1.21 1.2 2.8 1.6 '5.9 1.4 2.0 0.6 Pmary
2 DA. F 13 3.72 2.16 3.30 1.24 6.08 3.86 4.30 0.34 PrLmary TB

3 MT M 16 14.01 2.57 3.76 1.19 15.28 3.01 3.98 0.97 Pr~mary TB

4 MC F 28 1.9 0.98 1.6 0.7 3.2 1.8 2.1 0.3 Ac. non-p

5 FR F 17 2.1 1.8 2.2 0.4 4.2 2.4 3.0 0.6 Ac. non-ph

6 T.A F 45 5.1 3.6 4.8 1.2 9.4 3.8 5.6 0.8 Ac. non-ph

7 MG F 27 10.10 2.0 2.07 0.7 15.5 2.7 3.3 0.6 Ac. non-ph

8 11 F 36 4.6 1.7 2.3 0.6 6.2 2.5 3.0 0.6 Ac. non-ph

9 AD F 42 4.2 1.9 2.7 0.8 8.6 2.3 3.0 0.7 Ac. non-Ph

10 QR F 44 3.9 2.4 3.4 1.0 6.0 4.1 5.0 0.9 Ac. non-ph

11 CC M 31 16.5 1.4 2.1 0.7 26.0 2.2 2.0 0.7 Ac. non-ph

12 CR F 20 7.13 2.86 3.16 0.7 8.26 2.78 3.10 0.18 Ac.phth.

13 SA F 34 18.05 1.0 1.6 0.6 20.5 3.5 5.56 2.06 Ac.phth.

14. DBB F 21 24.8 1.0 1.6 0.6 13.6 1.6 2.1 0.7 Ac.phth.

15 DNM F 23 3.4 2.1 3.2 1.1 4.2 4.2 4.4 0.2 Ac phth.

16 PC F 19 5.94 1.35 2.45 1.1 9.51 1.64 2.6 0.26 Acl.phth.

17 LO F 16 6.38 6.8? 7.9 1.03 9.52 8.54 9.82 0.78 Acliphth.

18 CL F 16 4.3 1.8 2.96 1.16 6.2 1.98 2.96 0.98 Ac'.phth.

19 DN F 20 4.0 1.01 1.3 0.29 8.1 1.4 1.9 0.5 Acphth.

20 GM F 12 7.9 2.31 2.66 0.35 4.26 2.86 2.64 0.28 Acmphth.

21 MY r 13 5.9 1.6 1.9 0.3 6.1 2.1 2.8 0.? Acphti.-

22 SC F 54 5.2 2.13. 2.48 0.32 5.2 8.5 4.0 0.5 Ac pkt~h

23 CR F 30 8.6 1.4 3.6 2.2 5,4 2.9 3.8 0.9 Ci .ao

24 DDT 7 46 4.26 1.2 3.0 1.8 8.0 2.9 8.8 0.9 Cb,.non-oa

25 DLI F 30 3.2 1.6 2.0 0.4 7.2 2.7 8.9 1.2 C .azn-oa

26. CC M 44 16.4 2.8 3.2 0.4 1.70 2.8 0.6 0.8 C•a.m--oa,

2? L"T M 43 10.2 2.2 3.3 1.1 14.4 O.W8 2 .Cr6 0.*9 Ch .non-oa

28 AZ F 61 5.28 1.5 2.0 0.5 9.6 4.08 5.4 1.82 Cb e.avita

2 29 DAP F 56 9.0 2.28 3.3 1.22 1.10.0 3.86 4.2 0.34 Ch .*&vita

30 RO F 50 12.0 3.4 3.8 0.4 11.4 4.2 4.8 0.6 C40.,9ita

S It CS If 84 7.54 3.12 4.0 0.68 9.2 3.0 3.6 0.6 CLI '-savita
55 F 22 4.6 2.1 2.9 0.9 5.4 2.6 S.8 0.2 Chi..eavlta

88 DMC F 26 4.4 2.? 8.0 0.8 6.21 2.9 2.9 0 ?:,avlta
84 SM F 84 3.1 8.t 4

S.1 J.,•1.0| LJ. ]l.l ]. X.• C•'oavttad
86 C1 r 80 9.7 1: : 8: 12 iI :8 : 11I7 I0 T It 6.4 _1 A 8:1 IM



TABLE 1

PULMONARY TB SUBJECTS BEFORE & AFTFR ACTH ADMINISTRATION (IN MG/24 HOURS)

After ACTh Diagnosis Remarks
17KS 17-OH CRT 17Desoz
-5.9 1.4 2.0 0.6 Primary TB Mos. Not grave.

6.0$ 3.86 4.30 0.34 Primary TB Mos. Not gr.

15.28 3.01 3.98 0.97 Primary TB

3.2 1.8 2.1 0.3 Ac. non-phth Mos. Not gr.

4.2 2.4 3.0 0.6 Ac. non-phth Many moo. Not gr.

9.4 3.8 5.6 0.8 Ac. non-phth Many mos. Not gr.

15.5 2.7 3.3 0.6 Ac. non-phth Many mos. Oro Stationary.
6.2 2.5 3.0 0.6 Ac. non-phth Many mos. Not gr. Improved.
8.6 2.3 3.0 0.7 Ac. non-phth Many mos. Or. Stationary.

6.0 4.1 5.0 0.9 Ac. non-phth Many yrs. Not gr. Improved,

26.0 2.2 2.0 0.7 Ac. non-phth Few yrs. Cr. Improved.

8.26 2.78 3.10 0.18 Ac.phth. Recent. Not gr. Improved. Asthenia.

20.5 3.5 5.56 2.06 Ac.phth. Sov.yrs. Stabilized. Grave. Asthenia.

13.6 1.6 2.1 0.7 Ac.phth. Some yrs. Or. Stabilized. Asthenia.

4.2 4.2 4.4 0.2 Ael.phth. Sev~yrs, Cr, Fever. Asthenia.

9.51 1.64 2.6 0.26 Acl, phth. Soy. yre.Gr.Worsened. Asthenia.

9.52 8.54 9.32 0.78 Ac4phth. Mos. Not gr. Cured.Asthenia.

6.2 1.98 2.96 0.98 Ac.phth. Many mos. Not gr. Improved.

8.1 1.4 1.9 0.5 Ac.phth. Mon. Not gr. Improved.No asthenia.

4.26 2.86 2.64 0.28 Ac-phth. Mos. Not gr. Improved.

6.1 2.1 2.8 0.7 Ac phth. Moe. Not gr. Cured.

5.2 8.5 4.0 0.5 Ac phth. Few mos. Not grave.

504 2.9 3.8 0.9 C, .non-oav. Mos. Not gr. Improved. Asthenia.

8.0 2.9 8.8 0.9 Ch .non-cav. Many mos. Not gr. Stationary,

7.2 2.7 3.9 1.2 CW'non-oav. Many mos. Not gr. Stationary.

1.70 2.8 8.6 0.8 C,.non-cae. Few yrs.Grave.oWorsened.Aathenia.

14.4 o.c0 2.06 0,98 Ch *non-cav. Few tre.Orave.'¶orsened.Asthenla.

9.6 4.08 5.4 1.32 CQ .oavitary Yrs.Not gr. Improved. Aethenia.

k10.0 3.86 4.2 0.34 Ch'.oavitary Yrs. Mod.gr. Stationary. Asthenia.

11.4 4.2 4.8 0.6 Cki-osvitary Yrs. Crave. Aethonia. Died.

9.2 3.0 3.6 0.6 Ch?.savitary Ira. Not grave. AethenLa. Stabilized.
5.4 2.6 2.8 0.2 Chb;.eavitary Years. Crave aethenLa. Died.
6.26 S.9 2.9 0 C?".eavitary Yrs. Grave. Worsened. No asthenia.

&,a loot t.0161-a E; .oA-ltary YrsoNot gr. Stabilized. Min.aethonia.

124 iot .1 1 :9 2 :jrvjttF jft: totgr. Ingrojed. Min aetheuia.
•9 I, •r.rav * Ast on so Worsened.
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Chronic, cavitau --- 17-K. Low basal elimination values, with
scant increase after administration of ACTH.

17-OH There is a lack of homogeneity in age here. Even in view
of this consideration, we can confidently report that the basal
elimination rate in more than 50% of the cases falls well within
the limite of the normal, even though fairly low. Response toACTH, however, is either scant or wholl* ,lacking.

CRT. The basal values in about 75% of these cases falls in-
side the normal limits. This fact indicates a diminution of the
desoxy portion, as compared with the pre6eding fraction, and
a change in the 17-OH/desoxy ratio.

§ § §

At the outset, let's noV the specific differences between
the behavior of phthysiogenic and non-phthysiogenic forms of
acute tuberculosis.

*While the basal elimination is low in the non-phthysio-
genie forms, and there is usually a response (though of widely
varying degree) to ACTH, with the phthysiogenic forms there is
usually a normal elimination rate, coupled with an ACTH response
that is either very weak or totally lacking.

This peculiar behavior can be found again in a comparison
between cavitary and non-cavit¢•y forms. This leads to the no-
tion that, in the phthysiogenic and-chronic cavitary forms of
TB, the adrenal cortex is working overtime, and at the very
ceiling of its capacity. We are well aware that we are not tell-
ing anybody anything new here, especially in chronic cavitary
"cases. In these cases, we are dealing with a long and wasting
illness, and the cortex is subjected to continual stimulation.
That's why its failure to respond to ACTH is no surprise. It's
just further proof that the gland is worn out.

We find the study of the reported levels of the desoxy
group of corticosteroids much more interesting. Here we can

:1 glimpse a dissociation in the urinary elimination of the corti-
costeroids, an alteration in the balance between the 17-OH and

* desoxy groups, which is occasionally more marked after ACTH sti-

* mulation. This is particularly evident in some of the chronic
non-cavitary cases, a group which, in our experience, showed
less marked asthenia, on the whole, than the usual Sroup of TB

* patients.

In pursuing our study of the incretion of the adrenal

cortex, we made an evaluation, along with that of urinary excretion,
t ~-B-
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Table 2 - Quantitative anlysis of plasmatic steroids in pulmo-
nary TB patients. (In ,g per 100 ml plasma.)
ACTH administered by Clow intravenous infusion.

Number Initials 1st elution 17-OH CRT 17-Desoxy

7 ?1.G•. 120 22' 34 12
8 L.L. 160 29 43 14
9 A.D. 150 21 29 8

13 S.A. 180 26 44 18
14 DB.D. 190 36 56 20
19 C.N. 220 .40 62 22. 23 C.R. 110 20 36 16

S27 L.P.V. 165 38 49 11

28 A.Z. 140 22 42 20
34 S.M. 135 24 48 24

7 M.G. 160 26 36 10
8 L.L. 180 32 44 12

4 9 A.D. 160 27 33 6
S13 

S .A. 170 29 40 11
to 14 DB.D. 200 48 60 12
S19 C.N. 240 50 60 10

23 C.R. 145 58 32 14
27 L.P.V. 180 51 60 9
28 A.Z. 180 24 .44 20
34 S.M. 170 28 44 16

7 M.G. 130 26 34 8
S8 L.L. 150 30 40 10

9 A.D. 130 23 28 5
~13 S.A. 180 28 40 12
I'14 Db.D. 175 44 58 14

S19 C.N. 220 40 52 12
23 C.R. 120 20 32 12

vi 27 L.P.V. 170 36 46 10
!28 A.Z. 150 24 40 16

384 S.M. 140 22 36 14

Li
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in ten subjects previously studied by us, of the quantitative
aspect of the plasmatic steroids, using a method we developed
ourselves (39), before, during, and after venous administra-
ti n of ACTH. Our results are summed up in Table 2. As you
can see, the basal values for all fractions are consistently
low. Even lower levels were encountered in particularly grave
cases.

The response to ACTH brings out an evident dynamic in-
sufficiency, which is markedly more acute in the grave cases.

We also observed a quicker turnover of the steroids and
a particularly high level of corticosterone derivatives, which
diminished after ACTH stimulation in patients with cavitary TB.

On the basis of these findings, we decided it might be
fraitful to carry the inquiry further, and to evaluate, in some
of the subjects we had previously observed, the amounts of the
individual steroid fractions of adrenal cortex origin elimina-
ted in the urine.

For this purpose, using a technique we worked out for
ourselves (38-39), we charted what we call the "chromatographic
profile."

The extreme complication of the inquiry forced us to li-
mit the number of cases. However, we should like to emphasize
here that our primary concern was to evaluate the quantitative
relationships among the individual adrenal cortex steroids. We
expressed this ratio in percentage form (Table 7), and we also
evaluated the ratios of the main adrenal cortex steroids (E, F,
DOC, B) along with the respective tetrahydro-derivatives.

i Then in Table 3, we show the results we found in measur-
Ing amounts of the individual steroid fractiona as separated
by paper chromatography, using the urine of 8 TB patients in
various stages of the disease.

We worked out an average, or mean, chromatographic profile

for urinary elimination of the corticosteroids in TB patients,
and compared it with an equivalent profile for normal subjects
(fig. 1j. We did not extend this inquiry into the individual
clinical varieties for the same reasons that compelled us to li-
mit the number of our experimental oases,

In our group, as compared with normal subjects, we found
"a high level of R and F compounds, including their respective
H derivatives* Involved here, too, are the levels of the B-
gfoup compounds (allox- and totrahydro-derivatives), with a
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relative diminution of about 24.% of the total amount. The B

compound as such, however, would seem to show a general in-
crease, if the sum total of the subjects were considered. This
gain is not, however, to be found in each individual case. As
a result, the ratio between the B compound and the respective H4derivatives also increases (Table 7). For DOC, we found a mar-
ked drop, with a relative increase in the corresponding tetra-
hydroderivative, and a resultant lowering of the ratio. It is
noteworthy that wherever the drop in DOC is most marked, there
is a relative rise in B. In this case. we also noted a sharp
increase in the aldosterone content of the urine. It seemed to
us that there was an inversely proportional ratio, albeit not
very clearly defined, between DOC and aldosterone. For several
of our subjects, we made paper chromatographs after stimulation
with ACTH. Although we do not show this data graphically, we
can report that the corticotropic stimulus, even though it did
not produce any real increase in total secretion of corticoid
hormones, does tend to bring the chromatographic profile back
towards the normal pattern, to the point where there is a nor-
mal percentage relationship established among the several frac-
tions.

In conclusion, it is our impression that there exists in
tuberculosis patients, as compared with normal subjects, a heigh-
tened E, F, B /H4 derivates ratio, because of the relative drop
in the corresponding catabolic hydroderivatives; and that there
is, on the contrary, a lowered DOC/H 4 DOC ratio, owing to the
drop in DOC and the simultaneous rise in H4 DOC.

From what we have stated thus far, it seems that we can
safely state that while the TB victim does not display the usual
symptoms of the "static" hypoadrenal patient, except in cases of
exceptional severity, he invariably reveals some degree of dyna-
mic adrenal insufficiency.

This is quite independent of the qualitative variations
in the secretions we were able to uncover. We felt it extreme-
ly challenging to complete our study of the adrenal cortex, ex-
tending it to specially selected tubercular patients, in whom
the adrenal cortex is necessarily involved in the physiopathy of
the syndrome: TB patients with coincident diabetes.

We had already conducted several inquiries into the func-
tion of the adrenal cortex, using the same procedure, on diabe-
tic subjects and we refer the reader to our earlier reports on
this aspect 142, 43- 44, 45). Here, we should simply like to
point out that the interesting part of the inquiry from this point
of view lies in the discovery of the almost invariable absence
of hypoadrenalism, either static or dynamic, in the diabetic
syndrome. This would seem to indicate that the presence of

-10-
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TABLE 4. - Corticosteroid elimination before and after ACTH in
subjects with associated pulmonary TB and diabetes.
Quantities given in mg/24 hours. N.B. All subjects
in metabolic equilibrium: glycemia 1.70gyoo max., no
glycosuria, no ketonuria normal alkaline reserve
50-60 ml C02% of plasma,.

WW NS M99 Diagnosis (.Lyce- Base Post ACTH Remarks
mia ACTH Reap.

1 CP m 47 Incipient TB 3.9 .. ' Crave diabetes, mild
(,T 43 0.0 TB. Improved.! 17-I,le.u.i 033 OJil

2 MN f 52 Ac.non-phth. i,• u s. ++- Pecent diabetes. TB
7-1 3." &+* not grave.

I7.,-dgo ml IL 03-

3 DB f 60 Acute, phth. 1-70 3-4 %.-o ++ Grave diabetes. TBSI-oll{ !X 4.32

CR 3. 4.0) not gr. Improved.
I -,emai 1.63 0&0

4 MF f 31 Acute, phth. O I 7-KA -1.1d 4- +:-t Both diabetes and TB
CRT Lid 2-11 grave. Died.
1, ! c'o1 .1 0.43 0

5"*DD f 60 Chron. non-cav. L40o I-Il" 10 + Mild diabetes. Mild• 7011 .2.SO &H Middaee.Ml

"CRT 3.20 4.10 - TBI " I e-,l 9mm 0.40 0.7O TH

6 MG f 60 Chron. non-cay. m 1,-gKd 6.2 1- 0 + Grave diabetes, mild
C 4.3 TH. Improved.

i I 17"1e,,4 1.40 1.4 0

7 SP f 60 Chron. non-ca,. 3.40 -.- s o.0 1.@0. 0 Grave diabetes and TB.
CRT 11.54 0.70 Improved.
17-,IFOIA 41.140 0.00

8 CI m 46 Chron. non-cay. ] ,.Ks 12.00 o6.s 9 Mild diabetes, gravel1-Ol[ 4.0-1 5.41

CRT 3.40 &D TB. Improved.
17-deswu'I 11.02 0Q.4w

V SC f 56 Chron. oavitary 1.00 SA #.23 0 Grave diabetes and
,7.0o 3.01 3.• TB Died.
CRT 3.46 3.12 T
I h1,7l.4tp 0.45 0

10 SA f 22 Chron. cavitary I.oKS 9.20 14.80 o Grave diabetes and
C7Oi 40 4.+ TB. Improved.
CIT 4.03 4.0.3
17.deeoutl 1.33 0.73•

11 DA f 61 Chron. oavitary 1,Ko 8.o0 1000 0 Grave diabetes, very17.OI1 2.80 21,90
CT 3.0 .0® grave TB. Died.
I1.dresoal 0.20 0.10

12DMG f 40 Chron.cavitary 1,30 .lKA 7.4 ,80 0 Grave diabetes, very
CRT 4.86 4.5 grave TB. Died.
17.,leiosl 1.40 0.32

13 MB f 62 Chron. cavitary 13o It-No 4.2-8 .70 ++Mild diabetes and TB.
I7.011 3.02. 4.40
CUT? 3.O08.'00 Stabilized.
1',d'omI 0.75 0.00

14 LP m 50 Chron. cavitary 1.0 17), 704.2 4 0 Mild diabetes, grave
CRT 2• 6. TB. Improved.
17-leeowl 1.03 0.0

15 CT a 48 Chron. cavitary , 17-es P0..0 11.40 * Mild diabetes and TB
11,O0W 4.01 4514

CUT 4.A Ul3
37.4,. I * 0. 0.44

I
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diabetes would, ipso facto, procludo any adrefial insufficioncy,
or, in any case, that the functional state of the adrenal cortex
is the determining factor in the appearance and persistence of

Sthe disease. This leaves a wide-open field for discussion as to
whether the dysmetabolic syndrome can or cannot appear in the
course of tuberculosis; whether or not, if it does coexist,
it must necessarily have pro-dated the onset of the TB infec-
tion, at least in the latent state, with all the factors com-
monly held to predispose towards or favor the appearance of
diabetes: family history, endocrine constitution, dietary ha-
bits, and so on. As to the appearance of diabetes in tubercu-
lar patients, there has already been considerable discussion.
Tuberculosis is a long-term, wasting disease. It is primarily
a toxic one, and that very toxicity, over a long period of time,
might very well be singled out as the prime factor in the cau-
sation of pancreatic lesions. At the same time, the metabolic
disorders consequent upon it exert a harmful effect on a chronic

f disease such as tuberculosis. And, as a matter of fact, it is
a common clinical observation in cases where the two diseases
are coexistent that the diabetic condition improves as the tu-
bercular infection heals.

Statistics on the two diseases in association are not al-
'together in agreement. This is because of the reflected effect
of the fact that, while TB attacks primarily young people (and
even though the percentage of TB infection in infancy and child-
hood has recently been sharply lowered, in some 50% of all oa-
ses, TB still appears during the first 25 years of life), diab.-
teo generally strikes after 25 (46).

The frequency of association between tuberculosis and
diabetes reported by Joslin (52) in a report published at a
diagnostic center in the United States, covering the period

from 1898 to 1951, shows 836 oases of associated diabetes in
32,148 tubercular patients, for a total of 2.6%. Earlier eta-
tistice (1944) from Neogy and Roy (53) give higher association
percentages: 3.3%, but on a smaller number of oases (1882).

adhWe should also remember that an inquiry by Boucot (54)
and his group, on 3,000 diabetics, showed that the incidence
of tuberculosis among the diabetic population was double that 0"
mong non-diabetics.

Considerably lower association statistics are reported
on patients oared for in sanatoria 52), among whom the incidence
of associated diabetes is about 0.54.

We have ourselves the data on some 2 000 sanatorium pa-

tionts, among whom the oases of associated T5 and diabetes come

-11-



to 20, or an incidence of about 1%. This is about the same le-
vel as was reported by the INPS TB outpatient service, covering

about 6,000 cases treated during the 1950-1960 decade.

Still in the statistical field, we find several writers
who maintain that women are less prone to the association of
the two diseases than are men (45).

As for the appearance of diabetes during the course of
tuberculosis, the statistics are not in agreement although all
cite very small perce6ntages." Montgomery's cases 147), reported
by Massari and his group (49) showed percentages of about 0.16%.

Root (47) admits that in 20% of all cases, tuberculosis
can antedate diabetes; but we find. with Ritz (48) that no such
eventuality can be reliably established.

Our experience has taught us how very difficult it is to
keep a precise record of every patient. The data we gathered
on a diabetic population in which discovery of a coexisting
form of pulmonary infection was quite accidental (out-patients,
clients at a diabetes diagnostic center, and the like) are as
shaky as any statistics can be insofar as the date of insurgence
of the TB infection is concerned. All we had to go on were
vague, subjective datw: low-grade fever, exhaustion, sweats,
and the like.

At the same time, those cases in which we can document
the time of insurgence of diabetes during the course of tuber-
culosis are almost all hospitalized patients in sanatoria, in
which discovery of latent diabetes is not always possible, since
standard procedure does not call for a thorough metabolic check
on every hospitalized subject.

It is our final impression that, while in a very great
number of cases it is unquestionably correct to diagnose diabe-
teo as antedating tuberculosis, in no case is it possible to
establish irrefutably the pro-existence of TB.

We would note here that, quite apart of the order of ap-
pearance of the two diseases, their association produces a cli-
nical state of tuberculosis which can generally be reduced to
the exudative-easeous stage (51) (charged to the fat metabolism
dysfunction of the diabeti) a56), or to generally parailiary
Infiltrative lesions, interpreted as ?healing allergy adenopathy"
(56). or, lastly, to forms marked by heavy Goinvolviment of aspe-
aelfie bacteria in the tubercular foci (50).

"-12-



Tuberculosis is often diagnosed late in diabetics.

The marked loss of weight, the unexplained worsening
of the established TB syndrome may well arouse suspicions of
associated diabetes (52 , Just as, on the contrary, a diabetic
whose condition worsens without any apparent cause should alert
his physician to the possibility of tuberculosis. It is common
knowledge that aggravation of the tubercular picture, or indeed
any form of serious TB, exerts a most unfavorable influence on
diabetes, making its treatment particularly difficult.

In cases of advanced tuberculosis, the diabetic may get
beyond control by standard therapy. Coincident with the appear-
ance of sugar in his urine, he develops a dangerous sensitivity
to insulin. In a hyperglycemic coma, he may prove insulin-fast,
as happened in the case cited by Grafe (56), in which a TB pa-
tient in diabetic coma required 2770 U of insulin.

Blood-sugar variations in tubercular diabetics are simi-
lar to those in other diabetics, unless there are coexisting
adrenal or hepatic lesions.

Although the onset of tuberculosis in the diabetic is
often insidious, it is by no means rare to encounter forms of
the disease whose onset is lightning-swift, or at least very
fast. In general, however, the prognosis is no different from
that of uncomplicated oases.

Whatever the meuhanism or the order of insurgence of the
two diseases in the morbose association, we believe that con-
sideration should be given to the functional state of the adrenal
cortex as one of the factors of crucial importance.

This is why the problem of possible insurgence of a dia-
betic syndrome in hypoadrenal patients should be considered of
the first order of interest. Examination of selected oases
exhibiting this particultr profile, as we have several times
pointed out, allows of useful clinical deductions, including
some in the area of adrenal cortex pathology.

This is why we investigated the function of the adrenal
cortex, using the very same procedures outlined above for tuber-

* oulosis patients, on15 subjects suffering from associated TB
and diabetes.

In every case, the diabetes antedated the tuberculosis.
At the time of our examination, none of the subjects showed a
blood-snuar level higher than g.l.7O/oo. Glycosuria and ketonu-
rna were absent, R.A normal.

-18-
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In our initial series of experiments, we analyzed urina-
ry elimination of steroid hormones before and after stimulation
with ACTH. Our results are shown on Table 4.

The elimination of steroid hormones of cortical origin
in our patients showed no basic difference of pattern from that
of uncomplicated diabetics (41), varying from the normal only
in a consistently higher level of excretion.

ACTH stimulation, however, reveals a dynamic adrenal cor-
tex insufficiency. We noted, at the time, a parallel between
such insufficiency and the gravity of the tuberculosis.

The proportion of desoxycorticoids is very high, compar-
ed with normal subjects as well as with non-diabetic TB patients.
Unlike the situation in other morbose conditions involving high
excretion of 17-desoxy fractions (hepatic affections, uncompli-
cated diabetes, etc.), this one does not always respond to ACTH
stimulation with a lowering of secretion levels.

The basal elimination of steroids in the urine in tuber-
cular diabetics apparently follows the pattern of diabetes, ra-
ther than that of tuberculosis. The values we found for excre-
tion were largely within the normal limits, whereas non-diabetio
TB patients generally show low excretion levels, particularly
those with non-phthyulosenle or non-cavitary forms of the dis-
ease*

We also analyzed the plasmatic steroids in ten of our
subjects, before, during and after intravenous administration
of ACTH.

As you can see from the results shown in Table 5, there
is a parallel with the findings of our study on urinary elimi-
nation of the corticosteroids.

The basal values differ from those of normal subjects as
well as from those of non-complicated tubercular subjects in
being generally higher.

Response to ACTH stimulation, however, was pretty much
the same in patients with associated TB and diabates and those
with simple TB. Both are lower than normal, even though they
show a faster turnover. The response here, however, is less
marked than in non-tubercular diabetics.

To complete this portion of our inquiry, we did paper
ehromatographies on 8 of our subjects. As Table 6 shows, these
were mainly chronic eavitary patients. We selected these people

-14-
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The tubercular individual does not necessarily reveal a
static adrenal cortex insufficiency. Actually, his basal eli-
mination of urinary steroids of cortical origin often falls
within the limits of the normal , as may his basal plasma levels
of corticosteroids.

It is easier, though, to detect dynamic insufficiency af-
ter corticotropic stimulation. This insufficiency is encountered
with greater frequency in some clinical varieties of tuberculo-
sis. Thile it is not possible to correlate the functional state
of the adrenal cortex with the gravity ofo the TB affection, there
is a clear relationship between it and the phthysiogenfous evolu-
tion.

On the other hand, we were unable to find any relation-
ship whatever between the condition, either static or dynamic,
of the adrenal cortex and a number of clinical symptoms of tu-
berculosis, particularly, as we reported, between cortical con-
dition and asthenia.

In this connection, we should like to refer again to case
17 in our study. Here we found a particularly high proportion
of hydroxy-steroids eliminated in the urine, coupled with a
very marked asthenic syndrome.

Since similar observations can be made in connection with
the study of the henatic steroids, we fool justified in attribu -
ting no determining significance to quantitative variations in
adrenal cortex function, at least insofar as the possibilities
of finding a correlation between these fluctuations and any cli-
nical symptom, such as asthenia, are concerned.

We do feel, though, that while considerable difficulty is
involved in making an exact evaluation of the functional capacity
of the adrenal cortex, it is just as difficult to interpret its
variations. The problem here is to decide whether these varia-
tions should be taken as determining, or at least favoring the
onset and evolution of the morbose syndrome, or whether they are
simply its inevitable consequences.

It is our belief that each clinical case has its own spe-
cific character, and that much of the findings on adrenal cortex

* ' function should be integrated into the general adaptation syn-
drome. Hence it is only on rare occasions that we can find, to
within any acceptable degree of accuracy, the particular dynamic
orientation that might have allowed, if not caused, the onset and
establishment of the disease.

Deductions of a physiopathological order, on the other hand,
•1 ~-16- •
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Fig. 3 - Graph of chromatographic profiles in the various mor-
bose situations as compared with the normal.
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should be sought rather in the study of the qualitative aspects
of the adrenal cortex function, rather than in its size.

We wore able, in fact, to show that the chromatographic
profile in our patients was consistently and uniformly altered,
quite apart from the total quantity of steroids in the urine.
17e have shown that, by comparison with the normal individual,
the tuberculosis patient has a higher level of glycoactive hor-
mones in the urine, accompanied by an equally consistent and
relatively marked diminution of the mineral-active hormones,
particularly DOC.

At the same time, while the relationship with the respec-
tive H14 derivatives is heightened for the glycoactive group, for
DOC we see a clear lowering (about 50%) in the ratio, not only
because of a marked drop in elimination of DOC as such, but also
by reason of a simultaneous increase in the proportioxl of H4
derivatives of the hormone.

This observation led us to seek a relationship between
the higher level of inactive substancos eliminated in the urine
and the aethonic symptom we mentioned.

In this connection, we believe case 14 is significant.
The chromatographic profile is basically similar to that of our
case 17, to which we have already referred. From a comparative
examination of the two, however, we found a marked difference
in the amount of total steroid elimination. While the former
was the case marked by the highest excretion levels for cortico-
steroids, the latter had the lowest. Profound asthenia is the
symptom clearly common to both cases, hence it can be given ade-
quate pathogenic interpretation in the qualitative variations
in adrenal cortex secretion.

17e reached much the same conclusion in our study of sub-
jects affected with associated tuberculosis and diabetes mellitus.
As %e explained earlier, we chose these patients for study because
in our efforts to isolate the functional condition of the adre-
nal cortex as a pathogenic moment in the onset of tuberculosis,
we were struck by the contrast between the kind of adrenal insuf-
ficiency we had encountered in tuberculosis patients and the
highly abnormal pattern common to diabetics.

Several writers have reported that the onset of tubercu-
losis occurs frequently in diabetic subjects on the occasion of
comatose opisodes(5)?. Still others have reported TB onset in
subjects whose diabetic condition required large doses of insul-
in 156). Obviously, the marked hyperoortical condition that com-
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monly accompanies this morhose situation can be assumed to be
a pathogenic factor. However, to seek to attribute to this tem-
porary hypercorticism a determining value seems to us altogether
unjustified. A more acceptable hypothesis would be the view
that the inevitable phase of exhaustion which follows such un-
doniably stressful situations (with the overall adaptation syn-
drome then occurring) might be the agent directly responsible
for the emergence of the disease.

As for the qualititative variations in adrenal secretion
in pulmonary tuberculosis, we found the study of tubercular dia-
betics particularly useful. Scrutiny of the chromatographic
profile of the tubercular diabetic lends itself to a considera-
tion we find extremely interesting: by comparison with the non-
tubercular diabetic, the profile shows no divergence in the
glycoactive fractions. The rise in these-fractions, along with
the decline in the group B steroids, constitutes the pattern of
the diabetic state. V'here the profiles do differ, however, is
in the DOC fraction, which is always markedly diminished in the
tubercular diabetic. For this fraction, this is precisely what
we expect in the classic pattern of tuberculosis.

It is therefore evident that the chromatographic profile
can show us the characteristics peculiar to these particular
morbose situations.

"e should like to look forward to the possibility of ex-
tending such inquiries into other pathological situations, with
a view to providing recognizable, characteristic pattern to cli-
nical situations that may be quite different, yet share a common
physiopathological denominator.
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