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LEPRA REACTI ON AN D T H E  G EN ERAL 

ADAPTAT I O N  SYN DROME 

B y  E .  M U I R ,  M . D . ,  F . R . C . S . E . , C . M .G . ,  C . l . E .  

Introduction 

Lepra react ion,  in i ts  various forms and symptoms, is  one of the 
most d istress ing compl ications of leprosy. Litt le is known about its 
d i rect cause, but  it is general ly agreed that a re l iable method of 
prevent ion or control would considerably s impl ify and shorten the 
period of t reatment,  save m uch suffering, and remove an important 
cause of deformity. 

The objects of this paper are : ( I )  without dogmatizing to suggest 
a hypothesis which seems to the writer to harmonize to a certai n  
extent with t he  pr incipal k nown facts about lepra react ion,  and  (2 )  
to indicate l i nes of  investigation which might gather evidence i n  
favour  of  or  against that hypothesis .  A l ist of  suggested objects for 
further study is given at the end of the paper. 

The General Adaptat ion Synd rome, as set forth by Professor 
H ans  SELYE, in his book on Stress· , seems to th row l ight on some of 
the problems connected with leprosy, and part icularly on the 

'
nature 

and t reatment of lepra react iont in its two forms : erythema nodosum 
leprosumt (EN L) and acute exacerbat ion (AE). 

EN L i s  recognised by the sudden appearance of raised, erythe
matous patches or  nodules on the sk in  of pat ients with the lepro
matous or d imorphous form of leprosy. These patches or  nodules 
general ly  appear on the sites of already v is ible skin lesions, but may 
become vis ible on apparently healthy sk in .  H istological ly  they show 
oedema, d i latat ion of cutaneous vessels, infiltration with lymphocytes 
and mononuclear phagocytes . There i s  also permeat ion of poly
morphs in  d i rect proport ion to the severity of the reaction .  

EN L can occur spontaneously without an apparent cause, but  it 
is most commonly associated with chemotherapy and the admin istra
t ion of sulphones, particularly when these are given in excess of the 
tolerance of the patient and without carefu l  grad ing of in i t ial dosage . 
When sulphone therapy i s  the cause, temporary suspension of the 

• SELYE, H.  ( 1 955) Stress, Montreal. 

t It is  acknowledged that there are val id objections to the term "lepra reaction" 
since all the manifestations of leprosy are react ions to Myco. leprae. But J have 
employed i t  for want of a more suitable generic term, and because it is in general 
use and is general ly understood. 

1: Erythema nodosum leprosum, as originally described by M. M URATA (Lep. Rev. 
Apri l  1 958, J 1 6) obviously included both forms of lepra reaction. But in  recent 
years it has generally been restricted to the mi lder form of reaction, chiefly 
though not exclusively associated with chemotherapy. Some writers consider 
the term i nappropriate as the lesion in leprosy does not show identical patho
logical features with classical erythema Ilodosum, but i t  is used here as the term 
genenilly appl ied and understood . 
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d rug or lowered dosage generally results in the d i sappearance of the 
inflam matory s igns ,  but somet imes EN L cont inues or passes on into 
AE .  

A E  is s im ilar i n  nature to EN L, bu t  much more severe in  degree . 
J t  affects not only the sk in  but also the buccal an'd respiratory mucous 
membranes, the peripheral nerves, the eyes, and i n  fact any or all of 
the regions where lepra baci l l i  are present .  Biopsy shows severe 
oedema, infiltration and destruct ion of t i ssue, with large numbers of 
polymorphs present . Nodu les may suppurate and discharge pus Jaden 
with lepra bacil l i .  There is rise of temperature with general febrile 
symptoms, and there may be cons iderable pain and swel l ing  in 
affected peripheral nerves .  There i s  less tendency than in EN L 
towards self-heal i ng, and a greater incl ination towards repeated 
relapse. EN L may be aggravated into AE if the cause is not removed 
in t ime .  

The General Adaptation Syndrome (GAS) 

This is described by SELYE as the manifestat ion of "the sum of al l  
specific systemic react ions of the body which ensue upon long
continued exposure to systemic st ress . "  H e  d ivides the synd rome into 
three stages : 

) .  The Alarm Reaction : This may be called forth by 'alarming 
st imul i '  o r  'stressors' and lasts unti l adaptation has begun to take 
place . The Alarm React ion has two phases : shock and counter
shock .  During shock there are such manifestations as hypothermia, 
hypotension, blood concentration, deranged capillary and cell
membrane permeabil ity, and general ised tissue breakdown. There i s  
a d i scharge of adrenali ne, corticotrophin and  corticoids, which are 
early defense react ions.  During the phase of counter-shock the 
phenomena of defense develop. There is enlargement of the adrenal 
cortex, with signs of increased activity. The phase of counter-shock 
passes into the second stage, that of resistance . 

2. The Stage of Resistance: According to SELYE th is  "represents the 
sum of all  the non-specific reactions el icited by prolonged exposure 
to st imu l i  to which the organism has acqu i red adaptation . I t  is mainly 
characterised by an i ncreased resistance to the particular stress or 
agent to which the body has been exposed , and a decreased resistance 
to other stimul i .  Thus the impression is  gained that during the stage 
of Resistance adaptation to one agent is acq u i red at the expense of 
resistance to other agents", whereas during the Alarm Reaction 
Stage there is  loss  of lipids from the adrenal cortex, there is  deposition 
of l ipids into this gland dur ing the Stage of Resistance . 

3 .  The Stage of Exhaustion "represents the sum of all  non
specific systemic react ions wh ich u l t imately develops as a result of 
prolonged over-exposure to st imul i  to wh ich adaptation has been 
developed, but could no longer be maintained" .  
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GAS and Specific Adaptive Reactions 

"The G A S  must be d ist ingu ished from the specific adaptive 
react ions, such as the hypertrophy of the musculature after prolonged 
exercise, the a l lergic or immu nologic phenomena el icited by certain 
foreign proteins or  microorgan isms, etc .  These latter responses are 
not evoked by systemic stress. They usual ly  endow the body with a 
great deal of res istance against  one part icular agent (that to wh ich i t  
had previous ly been exposed) ,  but both the manifestat ions of such 
specific adapt ive react ions and the resistance wh ich they confer upon 
the organism are l im ited to the agent wh ich el ici ted them".  

I t  has been he ld by some leprologists t hat lepra reaction ( EN L  
and AE) is of an a l lergic nature, but two facts suggest that it is more 
re lated to G A S ,  as descri bed above, than to al lergy. These two facts 
are : ( 1 )  lepra react ion appears not as a un iform response to one 
agent ,  but  as a response to a large number of widely d iffering agents ; 
(2) it appears most commonly (as w i l l  be shown below) in subjects 
with low general resistance. 

The tissue changes described under the A larm React ion of GAS 
( blood concent rat ion,  deranged capi l lary and cell-membrane 
permeabi l i ty, and genera l ised t i ssue breakdown) correspond wi th  
those found in  lepra react ion,  and it seems reasonable to expect that 
these changes should be most read i ly  prod uced and most marked in 
t issues a l ready weakened and damaged by leprosy infection .  

Stressor Agents 

SELYE mentions a large number of stressor agents whose mani
festat ions are "so preponderantly d ue to abnormal adaptive reactions 
that the d i rect conseq uences of the el icit ing pathogenic agent assume 
a secondary posi t ion" . He  compares the convulsions of tetanus tox in 
in  wh ich abnormal adapt ive processes are relatively un important ,  
with such d iseases as hypertension and gastric u lcer in  which "the 
abnormal adaptive response to the agent is  the major  cause of 
d isease" .  This is especia l ly obvious s ince "the same pathogenic 
s
'
t imu lus, wh ich prod uces such changes in one person ,  e l icits no 

sign ificant d is turbances in  others whose adaptive mechan ism 
functions normal ly" . 

From among the many stressor agents and groups of stressor 
agents d i scussed by SELYE T have selected four  as having particular 
relevance to leprosy and lepra react ion . These are ( I )  sulphur  
derivative, (2) m uscular exercise (excess ive or  deficient), ( 3 )  d iet 
(deficient ,  excess ive or  unbalanced ) ,  and (4) compl icat ing d iseases . 
I t  w i l l  be not iceable that in a l l  of these power of adaptat ion is closely 
connected wi th  the endocrine system, and more part icularly wi th  the 
efficient  function ing or  fai l u re of the adrenal cortex . 

I .  Sulphur Derivatives. SEL YE writes tha t  considerable attention has 
been given in recen t  years to adrenal changes caused by various 
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organic su lphur  derivatives, and .espec ial ly by the th ioureas . " I t  was 
found in the rat that add it ion of I % th iourea to d rink ing  wate r 
prod uced atrophy, s imu ltaneously with s igns of hypothyro id i sm .  
After 3 or 4 months  of treat ment with th iouracil a l l  3 layers of the 
ad renal cortex showed cons iderably involut ion with l ipid depos i t ion 
i n  the fasciculata ; occasional ly there were haemorrhages and cysts i n  
the  ret icu lar is .  S im ultaneously there is  a progressive decrease in  the  
s ize of the adrenal med ul la .  The  cortical involut ion may be  regarded 
in a la rge measure as an extreme attempt of compensat ion ,  probably 
due to depress ion of the adrenocort icotrophic factor, s i nce the cortex 
of such an imals  promptly responds to infect ions  wi th  hypertrophy. 
"The production of adreno-cortical atrophy with th ioureas has been 
repeated ly confirmed in  the rat , cat, mouse and gu inea-pig .  I t  can be 
counteracted by s imultaneous thyrox ine ad min istrat ion  and, s ince 
this  atrophy is essent ially s im i lar to that prod uced by thyroidectomy, 
i t  i s  probably due to the resu l t ing hypothyro id i sm .  In the rat 
occasionally the cort ical involut ion i s  sufficiently severe to produce a 
funct ional hypocort icoid ism i n  wh ich NaCl or cort ical extract 
t reatment appear to be beneficial . 

" T n  patients wi th  fatal su lphath iazole intox icat ion the adrenals 
often show foci within the inner fasciculata and ret icularis, the 
medul la  is apparently not involved . 

"Experimental observat ions suggest that certain su lphuf-contain
ing compounds such as suI  phonal or sulphocyanate are concentrated 
in t he adrenal cortex fol lowing oral admin ist rat ion, especially when 
free e l imination is  prevented" .  

I a m  not aware whether or not t h e  effect o f  sulphone administra
tion on the adrenal cortex of experimental animals has been stud ied 
but, i f  the effects are s imi lar to t hose described above as produced by 
other su lphur  compounds, th i s  would suggest an explanation of lepra 
reaction in both its EN L and A E  forms. 

H i s  a wel l  k nown cl in ical experience in su lphone therapy of 
leprosy that pat ients are intolerant of ful l  doses at t he begin n ing of 
t reatment .  The most common sign of i ntolerance i s  lepra reaction, in 
either its ENL or AE form.  Tolerance can however general ly be 
induced by grad ing the dosage over a period of weeks or  months t i l l  
the patient can stand t he most  effective amounts .  

On the supposition t hat su lphone acts as a 'stressor agent ' ,  this 
gradual acquis it ion of tolerance appears to correspond with the 
General Adaptation Syndrome.  Each successive 'alarm-reaction' dose 
i s  fol lowed by a h igher Stage of Resistance unt i l  the pat ient becomes 
i nured to the most beneficial dosage . 

The GAS may also explain the d ifference between ENL and AE .  
I f  s u I  phone is  pressed st i l l  further beyond the  tolerance of t he  
pat ient, AE results .  Th i s  would correspond with t he Stage 
of Exhaustion in which,  as mentioned above, "adaptation to 
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prolonged over-exposure t9 st imu l i  can no l onger be main
tained" . 

We are j ustified i n  consider ing that th i s  Stage of Exhaust ion 
resu l t ing i n  A E  i s  caused by hypocort icoidaemia, conseq uent on the 
fai l u re of the adrenal cortex to funct ion normally, si nce AE i s  
promptly rel i eved by oral admin istration of cort ico ids .  

2 .  Muscular Exercise and Inactivity . SEL YE states t hat intense 
muscular exercise in rats, especial ly in  those sens i t i sed by fast i ng, 
e l icits loss of chromaffin gran ules of the adrenal ,  and occas ional ly 
extensive necrosis of med ul lary t issue, as well as cortical enlargement 
with l ip id discharge . He says t hat his investigat ions "revealed that in 
the  rat t he adrenal becomes extremely hyperaemic dur ing the first 
hours of m uscular exercise,  t hat is  at a t ime corresponding to the  
Alarm React ion ."  Experiments on  gu inea-pigs showed that ,  as a 
result  of long-cont i nued tra in ing, both the number of cortical 
s inusoids and the ir  blood content increase, especia l ly  in the fascicu
late region. Those vascular changes are also s im i lar to those observed 
upon exposure to alarming  st imu l i .  "Numerous experimental 
observat ions i n  various an imals show that sudden intense muscular 
fatigue causes depletion i n  cort ical sudanoph i l  l ip ids,  whi le during 
subsequent rest an inverse reaction takes place" .  He ment ions t hat a 
s im i lar deplet ion of cortical l i pids was often reported i n  prolonged 
motor agitation due to various d iseases .  He quotes one investigator as 
report i ng an absol ute loss of adrenal weight in  rats exposed to brief 
anorexia, and concluding t hat this i s  probably due to loss of cortex 
t i ssue,  s ince the water content is  actually  i ncreased , and h istological 
examination reveals areas of necrosis ,  exhaustion, atrophy and 
oedema, SELYE remarks that "s ince cytolytic phenomena are qui te  
characteristic of very i ntense alarm-reactions,  t hese observat ions are 
not in contradict ion wi th  the generally accepted view that the response 
of the adrenal to anorexia i s  essentially the same as to any other 
stressor" . 

Later, SELYE writes : "The changes accompanying  severe muscular 
fat igue have been ascribed to a relative corticoid deficiency com
parable to t hat p roduced by i nfections ,  i rradiat ions, trauma, etc .  
Th i s  i s  i n  accord w i th  our concept of  derangements due  to hypo
adaptation.  I n  some respects, however, t he system ic consequence of 
exercise d iffer from those produced by other alarming st imu l i .  
Exercise produces remarkably  l i tt le shock and very pronounced 
counter-shock phenomena. There i s  an especially in tense and pro
longed hyperchloraemia, and, after an in i t ial fal l  in blood sugar, 
there fol lows a marked hyperglycaemia".  

SELYE also mentions that the wi ld  Norway rat has m uch  larger 
adrenals than the inbred albino laboratory rat, and t hat th i s  is mainly 
a d ifference in the development of the cortex.  He suggests that more 
frequent exposure to stress i n  the case of t he w i ld rat may be respon-
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s ib le for this  d ifference, in terpret ing the phenomenon in terms of the 
General Adaptat ion Syndrome. 

Tn contrast with m uscular exercise, SELYE describes the effects of 
excessive rest. " Bed-rest alone can cause marked losses of n itrogen 
and potass ium, a decrease in blood volume, and considerable 
vasomotor disturbances.  The resemblance of t hese manifestat ions to 
t hose seen in various spontaneous diseases has been emphasised and 
the delay of recovery from disease caused by extens ive 'therapeutic' 
bed-rest has been i l lustrated by many examples .  Lack of exercise 
itse lf  requ i res adaptive adjustments and, si nce it represents a pro
nou nced deviation from normalcy, it may perhaps act as an 'alarm ing 
st imu lus ' .  The possibi l ity has not yet been adeq uately studied, but 
observat ions on the rat suggest that forced rest raint  can prod uce 
General Adaptation Syndrome changes" .  

There is thus  evidence that both excessive muscular exercise, and 
excessive rest, act as stressor agents, and that at l east the former and 
probably also the latter may help to lead the subject to a state of 
exhaustion i n  which adaptat ion can no  longer be maintained, this 
stage coinciding with damage to and exhaustion of the adrenals .  

On the other  hand,  if  stressors are applied moderately in  the form 
of m uscular exercise graded accord ing to the tolerance of the subject , 
resistance can be bui l t  up enabl ing the subject to tolerate not only 
more strenuous m uscular exercise but  also other stressors which may 
offer  challenge . Of all stressors muscular exercise is the most su itable 
for bui ld ing up general resistance because, as mentioned above, 
exercise produces remarkably little shock and very pronounced 
counter-shock phenomena. I shall attempt to show below how 
muscular exercise in  the form of physical train ing i s  i mportant in  the 
treatment of leprosy, and particularly i n  the prevention and cure of 
lepra reaction .  

3 .  Deficient, Excessive and Unbalanced Die.t. Reference has been 
made above to the effects on the adrenals when rats sensit ized by 
fast ing are subjected to intense m uscular exercise . SELYE states that 
"various types of unbalanced d iets, which cause stress, have been 
shown to produce typical GAS changes i n  the adrenals of animals 
and man .  The total  fat content of the cortex i ncreases while the bire
fri ngent  l ipid granules tend to d isappear from the cortex during 
prolonged starvation  in birds.  This is  accompanied by an i ncrease i n  
the size o f  the cortex" . Also i n  the fast ing dog the adrenal cholesterol 
fal l s  below normal . " In  the guinea-pig the principal changes observed 
during starvat ion are : hypertrophy of the cortex with an i ncrease i n  
total fat a n d  a decrease i n  b irefringent l ip id and ascorbic acid 
content" .  There are also s imilar changes in the mouse, rabbit  and rat . 
" Perusal of the l iterature suggests t hat complete acute starvation acts 
as an alarming st imulus and causes an i ncrease in  cortical size with 
loss of l ipids, whi le chronic underfeed ing can el icit a stage of resis-
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tance with an increase in  the l i pid content and s ize  of the cortex, 
presumably due to in hib i t ion of ACTH prod uct ion . Thus,  if  the  
composit ion of the d ie t  i s  kept  in  mind ,  i t  appears that partial  star
vat ion acts l i ke any other stressor i n  that it e l ic i ts ACTH d ischarge,  
but t he effects of th i s  response can be modified by cond it ion ing 
factors" . SELYE a lso ment ions that  " in  man observat ions concerning 
the  effects of h unger on the adrenals have often been made on a large 
scale in t imes of famine .  M ost invest igators agree that the l ipid con
tent of the cortical cel l s  can remain h igh even after most of the fat 
d isappeared from oth.er t i ssues. Only in very grave acute starvat ion 
i s  there considerable hydropic degenerat ion,  haemorrhage and 
cytolysis in the ad renal cortex. A l l  these data are consona nt with the 
view that in man, as in animals ,  chronic undern utrit ion tends to 
cause res i stant stage manifestat ions with l i p id storage in the adrenlas, 
whi le  acute complete starvation imi tates the alarm react ion with a 
predominance of cytolytic phenomena and l i pid d i scharge" . 

O verfeeding l i kewise causes adrenal en largement,  for instance i n  
t he rat . Such an  enlargement i s  produced not  on ly  by acute 'food 
shock' but also by chronic overfeed ing .  "The possib i l ity has been 
considered that th i s  again may merely be a manifestation of the GAS.  
Presu mably adaptat ion both  to lack and to excess of food el ic i ts  
GAS changes in  the adrenal " .  

Various qualitatively inadequate diets cause GAS responses in the 
suprarenals .  To q uote SELYE : " Protein-rich d iets greatly faci l itate the 
product ion of corticotrophin in animals  under stress . On the other 
hand, i n  animals not exposed to a larm ing st imu l i ,  the concentrat ion 
of prote in in  the food exerts no significant act ion upon the  adrenal 
cortex, unless the protein concentrat ion i s  so high (70 to 90 %) that 
t he d iet itself becomes a stressor" . Again to quote the same author : 
" I n  connect ion with GAS i t  i s  of part icular interest that m uscular 
exercise causes especial l y  marked adrenal enlargement in  rats having 
insufficient stores of t h iamine, and that exogenous admin istrat ion of 
yeast prevents this hypertrophy" . 

"The adrenal lesions i n  th iamin deficient animals  are general ly 
accompanied by thymus i nvolution and other GAS manifestat ions ,  
and have hence been interpreted as part of th i s  syndrome".  This  view 
received further support by h istochemical studies .  

Ascorbic acid deficiency causes especial ly  pronounced adrenal 
les ions i n  the guinea-pig which i s  notorious ly sensit ive to scurvy. 
There is marked en largement and hyperaemia of the cortex ; at the 
same t ime haemorrhages are particularly common,  especial l y  a long 
the cortico-med u l lary j unction l ine . 

It i s  d ifficu l t  to pinpoint the connection between d iet and leprosy 
or lepra reaction, but on the whole there is a correlation between the  
experimental find ings above and the writer's experience of leprosy in  
I nd ia .  Throughout that country maln utrit ion i s  widespread, but  i t  has 
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been found that leprosy is most com mon in areas which are subject 
to periodic famine fol lowing fai l u re of the monsoons, or  dest ruct ion 
of crops by floods,  thus causing occasional severe starvat ion .  

Physical exercise is important in the treatment of leprosy, but it 
must be backed by adequate nourishment .  Yet "  it is remarkable how 
leprosy patients, i nured to hard physical work on a d iet of l i ttle more 
t han a scanty rat ion o� rice or other cereal ,  along with some form of 
lent i l s  and a few vegetables, make sat isfactory improvement towards 
recovery. 

On the other hand, rich feed ing without sufficient exercise is 
posit ively harmfu l ,  as may be shown by one example typical of many 
known to the writer .  The son of a r ich I nd ian landowner, whi le h is  
father was st i l l  a l ive ,  led a physical ly strenuous l ife as an engineer. 
H is history showed that for years he had been infected with leprosy, 
but the symptoms had not been sufficient to attract his attent ion and 
lead to a diagnosis .  On his father's death ,  however, he i nherited 
wealth and took up a more sedentary selfindu lgent l i fe .  With in  s ix  
months the s igns of leprosy appeared in  an acute exacerbated form.  

The commonest food deficiency among leprosy patients i n  Ind ia 
is that  of vitamins,  especial ly vitami n  B ;  and yeast is  fou nd to be 
beneficial , especial ly i n  chi ldren . A common ind igenous remedy is 
found i n  various forms of home-made beer. 

4 .  Accompanying and Complicating Conditions. These have an 
i mportant bearing on lepra react ion,  but t he effects they produce 
vary considerably according to the condit ion of t he patient, the type 
and advancement of the leprosy infection,  and the acuteness, chroni
city and nature of the com pl icat ing disease. 

Vaccination for smallpox in a leprosy inst i tut ion i s  wel l  known to 
give rise to lepra reaction in a number of the patients .  So is i nfluenza 
or  any acute virus epidemic. Chronic condit ions,  such as ankylo
stomiasis and subcl in ical malaria or  fi laria, are often found i n  I ndia 
to underlie persistent or relaps ing lepra reaction .  Those compl icat ions 
may be i nterpreted accord i ng to the GAS as affecting the adrenal 
cortex and causing lepra reaction  through hypocortico idaemia over a 
shorter or more prolonged period. In  leprosy one of the most 
damaging accompanying condit ions i s  mental d istress induced by the 
social st igma associated with the d isease, wh ich often affects the 
pat ient and his  reactions and involves loss of employment and 
worries regard ing means of l ivel i hood . 

C l imat ic changes such as excessive heat or cold are often 
responsi ble for inducing lepra reaction .  

Summary of  Relationship of  Leprosy to  the GAS 

I .  The General Adaptation Syndrome in  its true stages of Alarm 
React ion,  Resistance and Exhaustion is evoked not as a un iform 
response to a single agent but as a response to many varied agents .  



248 LEPROSY REV I EW 

I n  th is  it corresponds with and o ffers an explanat ion  of  the nature of 
lepra react ion which is  also evoked by many var ied agents .  

2.  GAS also explains the d ifference between E N L  and acute 
exacerbat ion .  I n  the former tolerance is gained during the stage of 
resistance ; whi le in  the latter, stressors too'  strong or too prolonged 
lead to exhaust ion .  

3 .  Lepra reaction is  represented as a resu l t  of hypocort icoidaemia .  
This hypothesis i s  supported by the fact that  the oral ad min i st rat ion  
of corticoids rapidly rel ieves, a t  least for a short period, the  symptoms 
of the more severe form of lepra reaction .  

4.  The t issue changes descri bed by  SEL YE as  those el ici ted by the 
Alarm Reaction of GAS (blood concentrat ion ,  deranged capi l lary 
and ce l l  membrane permeabi l i ty, and general i sed t issue breakdown) 
correspond largely with those fou nd i n  lepra react ion . 

5. Out  of many stressor agents mentioned by Selye four  are 
chosen as part icularly rel evant to the causat ion  of l epra react ion,  
viz .  su lphur derivat ives, m uscular exercise, defect ive d iet,  and 
accompanying cond it ions .  

6 .  The stressor effects of certai n  su lphur  derivat ives on experi
mental animals, and particularly on the adrenal cortex, are d iscussed , 
and i t  is suggested that s imi lar effects may be caused by su l phones, 
thus account ing for E N L  so freq uently occurring in the beginn ing of 
treatment .  

7 .  I t  is shown how graded muscular exercise in  an imals  
strengthens the adrenal cortex, and i ncreases general adaptat ion  to 
other stresses, whi le excessive exercise has an opposite effect through 
damage to the adrenal cortex.  

8 .  S i milarly i n  leprosy pat ients muscular t rain ing may be used to 
prevent  and remedy lepra reaction .  The adverse effects of excessive 
rest and sedentary habits are mentioned . 

9 .  I n  the t reatment of Jeprosy physical t ra in ing m ust be supported 
by su i table d iet . Both unbalanced d iet and excessive indu lgence are 
apt to give unfavourable resu l ts .  

1 0. Acute and chronic accompanying  d iseases, and other 
unfavourable condit ions such as mental d i stress and cl imatic changes 
may underl ie lepra reaction, and their d iagnosis and t reatment are of 
importance . 

The Prevention of Lepra Reaction 

The m ilder form, ENL, when caused by excessive i n it ial chemo
therapy, can be prevented as a rule by grading the early doses 
according to the tolerance of the patient . When careful examination 
shows t hat t he general resistance of the patient i s  low, sulphone 
t reatment should be preceded by remedying the general condi t ion .  
Accompanying diseases should be d iagnosed and t reated , and 
weakening condit ions such as mental anxiety and deficient nutr i t ion 
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rect ified as far as poss ib le .  This d.oes not mean that sulphone or other 
specific treatment i s  to be completely withheld unti l  all deficiencies 
have been ent irely adj usted, but their presence should be kept in 
mind when grading the early dosage, and weak pat ients shou ld be 
kept under frequent and careful inspect ion.  

The importance of gett ing into,  and remain ing i n  ' tra in ing' by 
means of su i table, graded physical exercise backed by good n utr it ion 
has al ready been emphasised . The patient should be taught that he 
has to walk towards recovery on  two l imbs-physical t rain ing  and 
chemotherapy, and that  neglect of or interference with either wi l l  
delay or imperi l  h is  ul t imate cure .  I t  has been repeated ly found by 
cl in icians with wide experience of leprosy treatment that lepra 
react ion, especial ly  i n  i ts severe A E  form, is most common among 
educated 'better class' pat ients with sedentary habits ,  and compara
tively rare among those whose l ivel ihood is  by the 'sweat of the brow' ; 
also that, whi le  defective nutrit ion is harmful,  excess ive indulgence 
in eat ing and dr inking is even more l ikely to be accompanied by a 
tendency to lepra reaction . Explained i n  the l ight of the general 
Adaptat ion Syndrome, those ' i n  tra in ing' are strongly condit ioned 
and adapted to resist the stresses of leprosy itself, of su lphone or 
other specific treatment, and of adverse complicat ing cond it ions .  
We may consider t hat i n  these patients the endocrine system, and 
part icularly the adrenal cortex, is healthy and function ing  strongly, 
and can enable t hem to stand u p  to i ntercurrent adverse circum
stances. 

Treatment of Lepra Reaction 

The milder type of reaction (EN L), when i nduced by specific 
treatment wi th sulphone or other drugs, requires as a rule only 
temporary suspension or lowering of the dosage. 

Acute exacerbat ion with inflammation,  febrile symptoms, neurit is,  
and pain i n  the affected parts requ i res not  only suspens ion of 
su lphones or other specific treatment but also bed-rest, laxatives, 
diaphoretics, alkal is and analgesics . 

It i s  important to bear i n  mind the possib i l ity of some u nderlying 
condit ion which must be d iagnosed and treated if  the symptoms 
cont inue ; recourse should be had to some of the wel l-known forms 
of treatment of A E, chief among which i s  the intravenous i nject ion of 
antimony compounds (potassi um antimony tartrate, fuad in ,  etc . ) .  
Only when these fai l  to br ing the condit ion under control, or when 
symptoms are particularly acute or urgent (severe nerve pain ,  
inflammatory eye condit ions,  for example), should cortico ids be 
used . Also in a d i sease l ike leprosy where there is a tendency toward 
osteoporosis and neuropathy, these condit ions are apt to be aggra
vated by large or long-cont inued dosage with corticoids or by their 
sudden suppression . 
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Two methods of corticoid treatment of AE have been pract iced 
in recent  years. 

\ .  Large doses of predn isone are given ( 1 0 to 20 mgm . dai ly)  
with gradual reduction of the dose as the symptoms subside. After 
this su lphone or other form of specific treatment is cont inued , i ts  
reaction-producing effects being countered with an adequate quan
tity of pred nisone. The object ion to th is  proced ure i s  that fai rly 
large quantities of corticoid have often to be cont inued over a long 
period, which i mplies the danger of producing atrophy of the adrenal 
cortex, with addict ion to corticoids and prod uction of the Cushing 
syndrome.  

2.  The other method of proced ure, recommended by the writer, 
is  to suspend all specific t reatment unt i l  the general resistance of the 
patient has been built up. Begin with m in imal doses of pred n isone 
( I  t to 3 mgm. dai ly), and i ncrease the amount s lowly only if improve
ment fai ls to appear with i n  I or  2 days. As soon as the AE has been 
brought under control ,  begin graded physical exercises. These may 
have at first to be of pass ive nature if the strength of the pat ient is 
m uch  reduced or there is residual pain or  st iffness. Certain  parts may 
have at first to be kept at rest (such as an arm or  leg by means of 
bandage, s l ing, cast or special footwear), but the pat ient should be 
encouraged as soon as possible to take act ive exercise, carefu l l y  
regulated to h i s  capacity. Further corticoid  treatment should be  held 
in reserve, and only given ( in m in imal doses) if there are signs of 
relapse of reaction.  In the writer's experience i t  i s  possible in most 
cases to bui l t  up the physical strength of the pat ient t i l l  at last he gets 
' into training' .  Only when the resistance of the patient is restored 
should specific treatment be continued, beginning with careful ly 
graded amounts .  The greatest dangers in A E  consists in  the pat ient 
becoming accustomed to bed-rest, and habituated to corticoid 
med icat ion .  

A special note  is necessary regarding the prevent ion and treatment 
of ir ido-cycli t i s .  In any form of lepra reaction the eyes should always 
be examined, and any sign of ocular pain or inflammation,  s luggish,  
fixed or i rregularly shaped pupil should be an indicat ion for d i latation 
of the pupil with mydriatics . 

Further Study 

This paper suggests certa in  quest ions which requ i re further study. 

1 .  What are the effects of sui  phones on the adrenal cortex of 
animals ? 

2. What are the effects of iodides on  the adrenal cortex in animals ? 
I od ides are wel l  known to have a powerfu l  effect in producing 
lepra react ion . I s  this due to ind irect act ion on  t he adrenal 
cortex via the thyroid ? 
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3 .  What is the effect of thyroxine admin ist ration i n  leprosy and i n  
lepra reaction ? 

4. What is the effect of NaCI admin istrat ion in lepra reaction ? 

5 . Could M. /eprae be successfu l ly  inoculated i n  animals after 
suppression or partial suppression of the adrenals ? 

Summary 

I .  It i s  sought to explain lepra reaction in its two forms of 
Erythema nodosum leprosum ( EN L) and acute exacerbat ion (AE) by 
means of the General Adaptat ion Syndrome ( GAS) of SELYE . 

2. Lepra reaction appears not as i n  al lergy as a un iform response 
to one agent,  but as a response to a large number of widely d iffering 
agents .  

3 .  I t  is suggested that the d ifference between EN L and AE l ies in 
success in  producing tolerance to certa in  stressors in  the former, and 
fai l u re to do so i n  the latter. 

4 .  An explanat ion is offered for the appearance of EN L at the 
beginning of sui  phone treatment .  

5 .  The effects of physical exercise, d iet and compl icat ing condi
t ions are d iscussed in  the l ight of the GAS. 

6 .  The prevent ion and treatment of lepra reaction are d iscussed 
with special reference to physical t ra in ing and cortisone therapy. 

7 .  Certain quest ions are raised by this paper which require 
further invest igat ion . 




