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A met hod is described for the  radioactive labelling of fresh bacilli of 
Mycobacterium leprae using t ritium labelled o-dihyd ro xyphenyl a lanine as a 
metabolit e .  A reasonably good correlatio n has been obtained bet ween the  
Morpho logical l ndex a nd the  Labelling l ndex in  the case of suspensions obtained 
fro m the  nodules of a group of leprosy patients. A method for o rga n culture of t he 
intact tissue of leprosy nodules h as been developed . Thin sectio ns have been 
prepared fro m t hese organ cultures for autoradiography using [3 H I -DOPA. Wit h 
the  aid of a po larizing vertical illu min ator, the  distribution of t he met abolizing 
organisms wit hin t he tissues has been demonstrated . 

I ntrodllction 

I n  view of the d ifficu1ty of mainta ining the baci l l i  o f  M. leprae in cu l ture for 
extended period s, the appl icatio n of a short term assay system w hich o ffers 
possib i l i t ies  for systemat ic  laboratory i nvest iga t ion re lated to metabo l i sm,  
i mmllnological and chemothera peu tic s tud ies has recen t ly at tracted atte nt ion 
( Drll ts  and Cl ine, 1972 ; Ambrose et aI., 1 974 ; Talwar et ai., 1 974) .  Py the use of 
high reso lu t ion autoradiography as described in  the brier

'
note by Ambrose et ai. 

( 1974),  it is possible to observe the  local izat ion of si lver gra ins  immediately above 
ind ivid ual bacil l i .  This method has now been exte nded to an  invest igation or the 
relatio nship of the Labell ing lndex to t he M o rphological lndex a nd to a study or 
bacil l i  within living tissues obtained from the leprosy nod u les .  

Methods 

AGAR F l LM TECHNl QUE FOR SUSPENSIONS OF B AClLLI  O F  M. LEPRAE 
The bacterial suspension was prepared a ccord ing to the method of Nishiura et 

ai. ( 1 969) .  A nod u le from an  u ntreated lepromatous leprosy patient  was chopped 
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Fig . I .  Stages in t he pouring of agar onto a g lass coversl ip to produce a thin layer .  ( a) The 
agar layer is prepared with f irst pipet te .  ( b) Drop of suspension of M. leprae is placed on t he 
agar, wit h a se cond pipett e .  P-pipette ; C-coversl ip. ( c )  Cross·sect ion showing agar layer befo re 
drying.  ( d )  Dried covers l ip  mounted wit h  wax on a slide prior to d ipping in  emu lsion . Baci l l i  Iie 
on the upper surface .  

up into smaJl  fragments with scissors , teased , and left overnight in a refrigerator in 
a cavity slide. The supernatant suspensio n contain ing baci J l i  was wi thdrawn the 
nex t morning, t issue debris having sett led to the bottom of  the sl ide. This 
proced ure was performed under steri le cond itions and a sample of  the nod u le 
plated o n  b lood agar and Lowenstein-Jensen  med iu m  to ru le out  the presence of  
cult ivable organi sms. A 1 % solu t ion of agar was prepared and mel ted a t  5 0° C in a 
water ba th .  A d ro p  of the melted agar was pou red on to a sloping coverslip 
fol lowed immediately by a drop of bacil lary suspension ( Fig. l ) . The coversl ip  
was then placed horizon tal ly i n  a Leighton tube to set . I n  th is w ay a u niform ly 
thin coat of agar was obtained containing embedd ed baci l l i .  One m l  of cul ture 
medium (MEM + 1 0% human adu l t  serum + 1 00 ).l/m l  penci ll in) was added to the 
Leighton tubes, 2 of which were m aintained as con tro ls. To t he o ther 2 tubes 
5 ).lCi/ml  of tri t i ated DOPA, [3 H]-DOPA, was addec;l . 

The Leighton tubes w ere incubated at 3 7° C for 48 11 foJlowing which the 
coversl ips were removed and washed 3 t imes with  saline and then fixed in 1 0% 
formal sal ine overn ight .  They were then washed 6 times with  d is t i l led water and 
a ir d ried . A melted d rop of 50/5 0  paraffin and vase line  mixture was p laced o n  a 
m icroscope slid e and the coverslip mounted o n  i t  wi th  the baci l lary surface facing 
upwards. 

K5  ll ford nuclear emulsion was di luted with an equal volume of  water in a 
beaker placed i n  a water b ath  at 5 0° C. This was done in a dark room with  a low 
intensity lamp .  The slid es with the mounted coverslips w ere d ipped in  the t hin  
emulsio n ,  fol lowing which they w ere d ried w ith a fan and  placed i n  a sealed box  
for 1 2- 1 4  d ays  in  a refrigerator. They were subseq uent1y d eveloped for 5 m in wi th  
Kodak D 19  d eveloper and  fixed for 1 min i n  Arnfix with  hardener. After washing 
in  running water for 20 m i n ,  the sl ides were air d ried . The wax was removed with 
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xy lo l .  The  covers l ips  were stain ed in the usual  way for acid-fast baci l l i by the  
Z ieh l-N eelsen tech n iq u e  and mou nted , with  the bac i J l i  fac ing dow nward s  o n  the  
sl i de ,  w i th  D.P.X. mount ing  fl u id .  

ORGAN-CULT U RE METHOD FOR I NTACT TlSSUE 

Fragments  not larger than I m m3 were pre pared fro m the b iopsy and set u p  
for organ cu I ture on  ex panded sta in less stee l  grids  a s  show n in F ig. 2 .  T he sam e 
m ed iu m  incorporated with tritia ted DOPA was employed for these ex per iments .  
Control cu l t ures were maintained with  t h e  i�otope. 

E 

Fig. 2. Organ cult ure of small t issue fragm ents  of a leprosy nod ule .  F -fragments ; 
E-expa nd ed met al grid; M-culture media .  

T he cuI tures were incubated for 48  h in a 5% CO2 gassed incubator .  T hey were 
subseq uently washed wit h saline , fix ed wi th  1 0% formol saline and embedd ed in 
paraffin blocks for histo logical sectioning. One JJ.m th ick sect ions were mou n ted 
on s l ides and autorad iographs were prepared by coating with  K5 I 1 ford nuclear  
emu lsio n as before. The sUd es were stained by the  F ite Faraco techniq ue .  

EXA MINATlON OF THE AUTORA D IOGRAPHS 

For viewing by the usual method with transmitted light ,  I ight staining of  the 
baci l li is des irable , and the agar film also need s to be comparatively thin. For c lear 
identification o f  silver grains, parti cularly in welI stain ed preparations and in the 
thin sect ions, the polarizing vertical  i1Jum inator M74 of Vicker I nstrum ents , as 
d eveloped by Rogers ( 1973) for autorad iography, is an added advantage as shown 
in Fig. 3. 

With this system, the specimen can first be v iewed w ith transmitted light and 
then with a dark field using polarized l ight and vertical illumination. S i lver grains 
are clearIy seen as bright spots on a d ark fie ld. Dye part icles do not produce 
noticeable d epolarizing reflections. 

Experimental ResuIts 

There was a high d egree of  localization of silver gra ins immediately above the 
individ ual bacilU of M. lepra e using the agar techn ique as already d escribed 
(Ambrose et ai., 1974). In the earlier work the agar was poured on the horizontal 
surface of the coverslips. In some cases DOPA was d ifficult to w ash out  
completely from the agar when the film was  thick, resulting in  a low background 
count. With the thinner agar preparation as shown in F ig. 1 ,  the background 
count is extremely low. Some fragments of d ebris containing human cell m elanin 
m ay get labelIed but these can easily be distinguished from M. leprae by their 
morphology and staining. Compact bacilli are found to be labelled wi th 1 or  2 
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Fig. 3. Polarizing vert ical illuminator used examin e  autorad iographs under dark field . 
V-vector of incident polarized light; M- part ially reflecting mirror; I-polarized light incident 
o n  t he specimen S; R-light back scattered and depolarized by silver grains; A-analyser wit h 
electric vector polarized perpend icular to the  plane of t he paper. 

grains. A comparison of the Morphological lndex ,  the Bacteriological lndex and 
the Label ling lndex for untreated patients is given in  Table I .  In the third column 
data are given for 1000 bacilli counted in the usual transm ission microscope .  A 
comparison of this figure w ith that obtained using the combined transmission and 
vertical i l luminator is given in the last column as a doub le check. 

Within the thin sections of inta ct lepromatous tissue , extremely low 
background counts were obtained. Groups of the labelled bacilli aga inst a 
completely d ark fie ld could read i1y by identified . It was found in general that the 
groups of labelled bac illi tended to appear in c1usters in the tissue. Many areas 
containing stained bacilli were unlabelled. A typical fie ld of labelled bacil l i  is 
shown in transmitted light fie ld and in dark fie ld with polarized l ight in Fig. 4 (a) 
and (b). Quantitative d ata obtained with a group of patients are summ arized in 
Table 2. 

Discussion 

The work of Rees and Valentine ( 1962) has already indicated from statistical 
data, using the mouse foot-pad , that a relationship e xists between the viabil ity of 
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Fig. 4. Autorad iografh of the sections obtained from an organ cu l ture of a l eprosy nodule 
a fter  incorporat ion of r H l- DOPA. (a )  As see n  in  transmitted l igh t .  A packet  of l abelled bacilli is 
c1ear\y visible at P. Many scat tered bacil l i  at S. ( b )  The same as seen in the  polarizing vertical 
ill u mi nator .  The silver grains adjacent  to bacilli at P make t he rod-shaped bacil l i  c lear\y visib le .  
Some d iffuse i l Iu mination of the tissue is  produced by the  dense grains at S .  These were the  
on ly  t wo labelled packets visible in the en tire section.  The extre mely low background counts 
(dark field )  can be seen surround ing the areas P and S .  



272 S. R. KHANOLKAR, N. H. ANTIA ANO E. 1. AM13ROSE 

TABLE I 
Co mpurison bet ween Morphologica l Index and Labelling Index by incorporafing / 3H / -DOPA 

inlO M .  leprae 

Specimen ClinicaI M I  L I  LI  By polariz-
No. d iagnosis 131 (%) (%) ing microscope 

I LL 3+ 4 3 5 
2 LL 3+ 4.5 5 8.5 
3 LL 4+ 5 6 3 
4 LL 4+ O- I 1.5 O 
5 L L  4+ 4 4.5 4 
6 LL 4+ 2 3.1 2.2 
7 LL 4+ 4 N .D. 4a 
8 LL 3+ 1.4 3 3 
9 LL 3+ 3 4.7 6.2 

10 LL 3+ 4a 5 6 

a Sa mple fro m  early experiments wit h high background co unts before agar pour ing met hod 
( Fig. I) was used, not suitab le fo r counting in t ransmitted Iight . 

131 = Bacteriological  Index. 
Li = Lab el l ing Index .  
MI = Morphological I ndex .  
LL = Lepro matous Leprosy. 
N . D .  = Not done. 
Hea t-k i l le d baci ll i were used as a contro l .  No s i lver grains were de tec ted on the k i l led baci l l i .  

T A B LE 2 

Uptake of (3HI-DOPA in thin sections of leproma lOus nodules 

Speci men no. ClinicaI diagnosis B I  M I  (%) R e marks 

I LL 4+ 4 ++ 
2 L L  4+ I 
3 LL 2+ O 
4 L L  4+ IA + 
5 L L  4+ 3 ++ 
6 L L  5+ 3.3 ++ 
7 L L  3+ I 
8 LL 5 + 3 ++ 

+ + = Moderate leveI gra i ns count. 
+ = Low leveI gra i ns cou nt .  
- = Grains count  s imi lar  t o  the  surrounding area. 

M. leprae and the Morphological Ind e x .  For the present e xperiments , using the 
h igh leveI o f  labelling with [3 H] -DOPA o f  5 ,uCi for 48 h, cond i tions are 
favourable for a saturation labelling of the organisms. Earlier studies (Ambrose et 
ai. ,  1974) have already shown that these cond itions were optim al for a high leveI 
of the Labelling Inde x ,  as shown in Table 1 .  This data provides independent 
evid ence that a relationship exists between the Morphological Index and the 
number of actively metabolizing bacilli . 

The slightly higher values obtained before the use of thin agar techniques for 
some of the earlier cases m ay be due to the presence o f  the background labelling. 
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Evidence that  the u p take of [3 H ]-DOPA occurs wi th  fresh bacill i  o f  M. leprae has 
been recen t ly obta ined by H arris and Prabhakara n ( 1 9 7 5 ) .  The u ptake of 
[3 H]-DOPA by M. leprae and melanocytes wh ich con ta in  o-d iphenolox idase and 
by t urt le heart cel ls w hich may be expected to e x h ib it catecho lamine metabo lism 
was d emonstra ted by sc int i l lat ion cou nting of  label led cel l  suspensio ns. But M. 
phlei a nd arm ad i l lo fibroblasts,  w hich do not  con tain o-diphenolox idase ,  failed to 
i ncorpo rate DOPA . Treatment  with d ie t h y l  d it hio-carbamate , a copper chelating 
age n t , preven ted the incorporatio n of DOPA by  M. leprae. DOPA is to be 
e xpected to become first at tached at the specific  receptor si tes of o-diphenol­
oxidase,  which is a copper-conta in ing enzyme.  The eve n t ua l  fate o f  the  tri t i um 
a toms  of  DOPA cannot a t  present  b e  d ecid ed , b u t  tha t  pigmen ted prod u cts are 
not the fin al product  in the case of l iving bacill i  is suggested by the com plete 
absence o f  d e tectable pigmen tation in  suspe nsions obtained from pat ients . That 
DOPA is nevertheless metabol ized is suggested by  the autorad iographic stud ies 
d escribed in  the commu nication . The slid es have by necessi ty to b e  subjected to 
extensive washing in  water.  To prepare slid es for autorad iography which will  
reta i n  water so lub le  compound s  o f  low molecular  we igh t such as  DOPA , special  
techn iq ues,  as d escribed by  Rogers ( 1 973) are l ikely to be req u ired . It  is d ist inct ly 
possib le  that  the tr i t ium becomes incorpora ted , at  least  into large peptides ,  
o l igonucleotid es or o l igosaccharid es ,  i f  not i n to cel lular m acrom olecules. 

The absence of grain cou n ts over heat-k i l led bacilli strongly suggests that the 
act ive metabolism of the organisms is req u ired for DOPA in corporation .  

] n  t h e  case o f  the  bacil l i  located in  t h e  w hole t issues, t h e  M o rphological lnd ex 
is not  easy to assess. The autorad iographic techniques may be o f  considerable 
value  in assessing the relative viab i l i ty o f  o rganisms located in  i n tracel lu lar spaces 
and wit h i n  various  t issues k nown to retain packets  o f  viable baci l l i .  
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