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Radioimmunoassay of serum cortisol levels
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reference to type I and type II reaction
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Summary In the present paper, an attempt has been made to assess the adrenal
cortical functions in leprosy patients, especially in LL cases and also in patients
with type I and type II lepra reaction by estimating serum cortisol levels in them
and comparing these results with those in healthy adults. Both the patient and
control population belonged to a copper mining district in an eastern state of
India.

Eighty leprosy patients including 23 LL, 17 BL, 3 BB, 7 BT and 30 patients
with type I (10 cases) and type II (20 cases) lepra reactions formed the basis of this
study. Forty-one age-matched normal adults from similar socio-economic status
served as controls. The mean basal serum cortisol levels in 23 LL cases and 41
controls were 18:21 and 12-98 ug/dl, respectively. Diurnal variation of serum
cortisol level was studied in 4 LL cases who showed normal circadian rhythm.
Intramuscular injection of ACTH in another 4 patients (2 LL and 2 BL) showed
an increase of mean serum cortisol level from 14-75 ug/dl to 21-75 pg/dl after 30
min of challenge. Most interestingly, it was found that at the onset of type II lepra

reaction the mean serum cortisol level increased to 17-35 ug/dl and after remission
of ENL its level decreased to 11-41 pug/dl. The difference was statistically

significant (P <0-01). On the contrary, no such variation was found in patients
with type I reaction.

Introduction

Leprosy is a chronic infective disease which not only involves skin and mucous
membrane but also endocrine organs.' The adrenal gland is not usually affected.
Small nodules have been reported in zona faciculata and reticularis and also
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around the medullary veins.> * Some studies have*® determined urinary 17
ketosteroids and 17 corticoids while another study’ evaluated the functional state
of adrenals in leprosy by estimating serum cortisol levels. Lately reduced
suppressor T-cells in ENL patients have been described.® ® Also it is suggested '
that during stress there is raised cortisol level with increased percentage of
helper-inducer-T-cells. It is therefore interesting to assess the adrenal function by
estimating serum cortisol levels, for very little information is available in
literature on this aspect, especially during lepra reaction. The present study
focuses attention on multibacillary lepromatous and borderline lepromatous
cases and also in patients during reaction and following clinical remission of
reaction. It seems likely that it may throw some light on the role of the adrenal
gland on the course of lepra reaction.

Materials and methods

Fifty multibacillary patients including 23 polar lepromatous (LL), 17 borderline
lepromatous (BL), 3 borderline borderline (BB), and 7 borderline tuberculoid
(BT) cases took part in this study, 37 were males and 13 females. The diagnosis of
these patients was made on the basis of 5 group classification.'' Their age ranged
from 12 to 65 years; and the duration of their illness varied from -5 to 25 years.
None had any endocrine disorder. Dapsone was being administered to all of these
patients. In addition 15 of them were receiving multiple drug therapy comprising
clofazimine and rifampicin.'? Of these patients, 4 LL male cases were subjected to
excess diurnal rhythm of serum cortisol levels. Another 4 male cases (2 LL and 2
BL) were subjected to test endogenous cortisol production after adrenocortico-
trophic hormone (ACTH) challenge. No patient was on corticosteroid therapy at
the start of the test. To study the adrenal function during lepra reaction, 30
patients including 4 females were taken (Table 1). The diagnosis of the type of
reaction was made on recognition of their well-formed clinical features.'* Their
ages ranged from 15 to 70 years; and their duration of illness from 1 to 11 years.
All these patients received corticosteroids to control their reaction. In addition 7
cases of LL and BL leprosy with type Il reaction also received rifampicin.
Remaining patients were on dapsone. Two samples of blood were collected from
these patients, one at the onset of reaction and before administration of steroids;
and the other at the clinical remission of reaction only after they were totally
weaned of steroids. Forty-one healthy male volunteers of similar age range and
socio-economic background and from the same area served as controls.

For estimating the basal serum cortisol level S ml of blood was collected from
each subject at 9 am. To study the circadian cortisol rhythm, paired blood
samples were taken at 9 am and 6 pm. The adrenal cortical sufficiency during
stress was assessed by the collection of paired samples before, and 30 min after,
intramuscular injection of 40 units ACTH.
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Table 1. Histological types of the
patients of type I and Il lepra
reactions

Lepra reaction
(no. of cases)

Histological type Type I Type Il

BT. 4 e
BB S -
BL - 10
LL 1 * 10
Total 10 20

* Histoid leprosy.

SERUM CORTISOL DETERMINATIONS

Serum cortisol levels were determined by radioimmunoassay using reagents
purchased from Cambridge Medical Diagnostics Inc, USA.'¥ Briefly, 25 ul of test
serum samples were mixed with 100 ul of '*I cortisol containing about 4 mci of ']
in phosphate buffer (pH 5-0), bovine serum albumin and goat anti-rabbit
gammaglobulin. Thereafter, I ml of rabbit anti-cortisol serum in phosphate
buffer, pH 5:0 containing bovine serum albumin, rabbit gammaglobulin and a
displacing agent were added to the mixture, incubated for 90 min at 37°C,
centrifuged, supernatant drained and the radioactivity in the precipitates was
counted in a gammacounter (IC4702, Electronic Corporation of India)..The
counts of the test samples were compared with those obtained with reference
cortisol standards: 1, 2, 5, 6, 15, 35 and 75 ug/dl.

Results

Table 2 shows the basal serum cortisol levels in normal subjects and leprosy
patients. Although the mean serum cortisol level in patients with lepromatous
leprosy (18:21 +16-82 ug/dl) was higher than that in the normal (12-98 +6-43),
the difference was not statistically significant. Table 3 shows the diurnal
variations of serum cortisol levels in leprosy patients. It was found that the levels
of the hormone in the morning samples were higher than that in the evening
samples. Table 4 shows that ACTH injection could induce the steroidogenesis in
lepromatous cases about 46%, above theirbasallevel after 30 min of the challenge.

The mean serum cortisol level in 10 patients at the onset of type I lepra
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Table 2. Basal serum cortisol levels in normal volunteers
and leprosy patients

Basal serum cortisol

level pg/dl
Group Number Mean +SD (range)
A Normal subjects 41 12:98+6-43 (2:3-30)
B Leprosy patients

(i) LL 23 1821 +16-82 (5-8-75)

(i) BL 17 12:30+6:65 (2:9-30)

(iii)) BB 3 16:00+3-56  (13-21)
(iv) BT 7 10-21 +3-07 (6-16-5)

Statistical evaluation.
t test between A and B (i): > 1:43 (not significant).

Table 3. Circadian rhythm of serum cortisol levels in
lepromatous patients

Serum corti-
sol level pg/dl

Leprosy patient Type Duration of illness 9 am 6 pm

TS BL 5 18 7-4
RL BL 7 13 8
SM LL 2 23 17
SD BL 8 16 10

Table 4. Serum cortisol level in lepromatous patients before and after ACTH
challenge

Serum cortisol level pg/dl

Before ACTH 0-S hr after
Leprosy patient Type Duration of illness injection ACTH injection

LG LL 14 12 18
DM LL 3 10 5
KB BL 3 18 27
KM BL I 19 27

Mean 14-75 2175
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Table S. Scrum cortisol level in leprosy patients with type I and type 11 reactions

Scrum cortisol level pg/dl Statistical evaluation
Mecan + SD (range) (A) and (B)
Number of
Group patients  (A) At onsct (B) At remission  “t" value P’ value
(a) Patients with type 10 11-:04+4-91 10-1+3-92 Not done Not done
I reaction (2-3-18:0) (6:2-18-0)
(b) Patients with type 20 17-:32+ 1530 11-414+590 3-27 <001 (S)
Il reaction (1-6-60) (1-6-30)
Statistical evaluation:
(a) and (b)
‘t’ valuc between a and b 314 Not done
P <0-01(S)

No increasc of secrum cortisol level was scen in type I reaction at onset: in contrast a significant
elevation of the hormone level was found in type II reaction during attack.
S = Significant.

reaction (11-:04+4-91 ug/dl) was not statistically different from that at remission
(10-143-92 pug/dl). On the contrary the mean serum cortisol level in 20 patients at
the onset of type Il reaction (17-32 + 15-30 ug/dl) was significantly higher (P value
<0-01) than that at remission (11-41+5-90 pg/dl (P <0-01) (Table 5). However
after remission the levels are comparable in both types of reaction. On further
analysis of the individual hormone levels, it was found that 7 out of 10 patients at
the onset of type I reaction showed serum cortisol level within the normal mean
basal level (12-98 ug/dl), while 10 out of 20 patients at the onset of type I reaction
showed higher than the mean normal levels. Statistical analysis was performed to
evaluate the diagnostic efficacy of serum cortisol level to differentiate type I and
type II reactions, taking normal mean serum cortisol level at 13 pg/dl. The values
above this level were taken as raised levels.

Chi square analysis

Serum Type | Type 11
cortisol reaction reaction
level (% patients) (% patients)
Raised 30 50
Normal or below normal 70 50

Chi square was found to be 833 (P<0-01).
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Discussion

The clinical manifestations of chronic adrenal insufficiency, regardless of cause,
are attributable to deficiencies of cortisol (glucocorticoid) and aldosterone
(mineralocorticoid)-which are the principal secretions of the adrenal cortex. One
common form of adrenal insufficiency deserves special comment. Large doses of
cortisone and related glucocorticoids are often used in asthma, various autoim-
mune diseases and lepra reaction. When such treatment is extended beyond 4 or 5
weeks, suppression of cortisol releasing factor and ACTH secretion ensues. If the
steroid is then abruptly discontinued, the hypothalamic pituitary axis is unable to
respond normally to the low circulatory cortisol level.'?

Conflicting data regarding the adrenal cortical function in patients of
lepromatous leprosy are found in other studies. One'¢ reported normal circulating
serum cortisol levels in 11 LL patients (7-12 pg/dl) and indicated that further
study on the subject would not be worthwhile. However, recently another report’
studied hydrocortisone production by 36 lepromatous patients after insulin load
and found a paradoxical type of hormone production in 23 cases. Their data
indicated markedly exhausted hydrocortisone producing function of the adrenal
cortex, especially in active lepromatous diseases.

We found the radioimmunoassay of serum cortisol level by double anti-
body technique to be very accurate and specific. The basal level of serum cortisol
(at 9 am) in our patients of all histological types was never below that observed
in the normal controls (Table 2). This observation is parallel to that of another
study.'® Also Table 3 provided evidence of normal circadian rhythm in the
patients. Further, ACTH injections in these patients could induce increased
steroidogenesis in them (Table 4). A normal cortisol response to ACTH injection
causes a rise of at least 7 ug/dl above basal cortisol levels at 30 min.'"” These data,
therefore, lend support to the functioning adrenal cortex in our patients. The
mean serum basal cortisol level in the LL patients of Balybin & Nazarov’ was also
higher (32-:63 + 1-53 ug/dl) than that in their normal subjects (25-12 +2-36) ug/dl).
It is noteworthy that the serum cortisol level in normal Russian subjects (25:12
ug/dl (mean) with a range of 7-45 to 37-24 ug/dl) is higher than that in normal
Indian individuals (12:98 +6-43 ug/dl) (Table 2) as well as in North Americans
(with a mean of 12-4 (5-25 ug/dl)."” This difference might be due to climatic
and/or nutritional variations between these two groups of populations. Balybin
& Nazarov’ studied cortisol production under insulin load in LL patients and
observed a paradoxical type of response. In contrast we studied the adrenal
cortical function in our cases by ACTH load and found stimulation of the
adrenals. Thus, the results of the 2 studies might not be comparable. As far as we
know this is the first study of serum cortisol level in the reactional state of leprosy
patients. Curiously, no change of the serum cortisol level was observed in type |
lepra reaction, while at the onset of type Il lepra reaction, the mean serum cortisol
level increased and following remission, it touched normal levels (Table S). Out of
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20 lepromatous cases with type II reaction, serum cortisol level decreased in 13
patients, while itincreased in 6 and remained stationary in | (Fig. 1). The histoid
case most probably represented relapse during a period of non-treatment or
dapsone resistance. His nodules became red, swollen and reactivated, which was
diagnosed as reversal reaction. Earlier Ridley described exacerbation of histoid
nodules which were characterized by the presence of epitheloid cells.'®

Thus, observed decrease of serum cortisol level after clinical remission may be
partially due to the withdrawal of prednisolone therapy given to all with type II
reaction. It is known that radioimmunoassay of cortisol cross reacts with
prednisolone by 17% (manufacturer’s literature).'* However this explanation is
unable to explain no change of serum cortisol level in patients withtype I reaction
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Figure 1. Serum cortisol levels in patients with type I and type II lepra reactions are shown at onset
and after remission.
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(Table 4), who also received prednisolone. One study'” has suggested that during
any psychological stress there was an increase in the percentage of OKT4
(helper-inducer T lymphocytes) along with increased serum cortisol concentra-
tion. Other studies® * have found reduced suppressor T cells in ENL patients
compared to normal controls and there was no significant effect on T-lymphocyte
subpopulation during chemotherapy of BT patients. However the fact that the T
level rises does not necessarily mean that Ts,c fall. Nevertheless the 3 following
separate observations are valid: (a) Tsc falls in ENL patients; (b) Ty rises with
raised cortisol level; and (c) cortisol level rises in ENL patients.

It is thus postulated that those patients who showed increase of serum cortisol
levels, even after clinical remission of type Il lepra reaction, might go into relapse
because they were still in stress and might have a decreased percentage of
suppressor T-lymphocytes. One study’ has also suggested that lepromatous
patients with a history of relapse should be further studied because they are
vulnerable to glucocorticoid deficiency during stress. Leprologists often
encounter sudden onset of lepra reaction in lepromatous cases during stress such
as cold climate, infections, etc. At present, it is difficult to differentiate type I and
type Il reactions either clinically or by laboratory tests. Only histological
examination of biopsy of the reaction nodule can distinguish the 2 lesions.
Hopefully, serum cortisol levels of the patients at the onset of reaction may be
helpful to differentiate type I and type 11 reactions. However, a wide variation of
the serum cortisol levels among individual patients with reaction, warrants
further study in more cases to firmly establish the role of serum cortisol as a
diagnostic aid of types of lepra reaction.
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