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The t uberculostatic act ion of the p-amino-salicylate of 2-pyridyl
(4)- 1 , 3 ,4-oxdiazolone-(5) ('Vadri ne' -Research N umber of Edward 
Geist l ich Sons Ltd . ,. Wolhusen 'So 1 3 1 ') has been described by 
Wilder Smi th ,  ( 1 954) and by Brodhage and Wilder Smith ,  ( 1 955).  
The in vitro efficiency of 'Vadrine' against the Tb. strain H 37 Rv 
is within I :2 ,560,000. In attempts to  produce in vitro resistant 
variants i t  was observed after 1 8  sub-cu l tures that resistance of the 
tested strain H 37 Rv to 'Vadri ne' had in  no way increased (Brodhage 
and Wilder Smith,  1 955 ; Brodhage, 1 955) .  This fact, coupled with 
the slight toxicity, seemed sufficient j ustification to test the effect of 
' Vadrine' on leprosy. To this end, using 4 :4'diaminodiphenyl
su lphone (��S) as a control, we examined the effect of 'Vadri ne' 
in  the treatment of experimental leprosy in the rat .  

I n  view of  t he  impossibi l i ty of transferring human leprosy to  
suitable test animals, murine leprosy is the best experimental infection 
on which new substances intended for the treatment of human 
leprosy can be tested (Carpenter, 1 95 1 ) . A final assessment on the 
anti leprous effect of a substance can of course only be made on the 
results obtained in treating leprosy patients. Bearing in mind these 
l imitat ions we give the following account  of the bacteriological 
results of the animal tests we carried out .  

Material and Method 

Forty-five white rats (weight about 1 00 g.) were infected in tra
testicuJarly with a suspension of Myc. leprae murium, strain 'WeBs' . 
(This strain was k indly put  at our disposal by Dr. G .  R .  F. H i lson, 
St .  George's Hospital, London). 

The infection dose was about 0.02 m!. (about 250,000,000 
bacilli) in physiological saline solut ion + 5 % bovine albumin 
fraction  V (pH = 7.0) .  The animals were divided into three groups 
(each containing 1 5  rats) receiving either no  treatment or treatment 
with DDS or 'Vadrine' .  A further 1 5  animals were intratesticularly 
infected with the same dose of heat treated (5 mins. at 1 00° C.) 

murine leprosy baci l l i .  
The substances to be tested were mixed in  their pure state with 

the rat food, in the amount of 0.2 % DDS and 1 % 'Vadrine' that is 
based on the relative" dosage of DDS in leprosy and of 'Vadrine' in 
tuberculosis. Treatment commenced 2 1  days after infection. At the 
end of one year the test animals were killed. 
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The efficiency of the tested substances was judged on  the basis 
of the fol lowing criteria : 

1 .  Size of the testis (length, breadth and depth) and the spleen 
(length and breadth). 

2. Bacterial index of t issue suspension of l ung, l iver and spleen 
according to the fol lowing schedule : 

Bacteria/ Index Number of Bacteria 

more than 1 00 
1 0 - 1 00  

I 1 0  
1 - 1 0  
1 - 1 0  
none 

• Oil  immersion and x 10 b inocular . 

Number of Fields* 

I 
1 
1 

1 0  
1 00  
1 00  

3 .  Number o f  bacteria per ml. testis homogenate. The method 
chosen was the Hilson ( 1 956) modification (Hi lson and Elek) 
of the techn ique devised by Hobby et al ( 1 954). 

1. Preparation of stained slides. 

(a) A suitable dilution of homogenate is required to provide, 
when the technique has been completed, an average of between 5 
and 1 5  baci l l i  per counting area under the microscope. The diluting  
fluid m ust be  proteinous i n  nature, and formal in-milk is used. A 
25-ml. screw-cap universal container is filled with mi lk and spun in  
an ordinary laboratory centrifuge at  2,500-3,000 r .p .m .  for 15  mins. 
to bring the cream to  the top. A Pasteur pipette i s  introduced into 
the subnatant milk and the latter drawn off leaving the cream 
behind.  1 0  ml. of this defatted milk and 1 . 5 ml. formal in (40 % 
HeHO i n  water) are brought to 1 00 ml. with distilled water and 
thoroughly mixed .  This constitutes the di l ut ing fluid : i f  one has no 
prel iminary idea of the l ikely bacillary concentration, i t  may be 
convenient to make up 1 : 10, 1 : 100 and 1 : 1 ,000 dilutions of the 
homogenate. The dilutions are well shaken to produce even mixing. 

(b) An 'Agla' micrometer syringe (Burroughs Wellcome) is 
fitted with a needle (Record fitting) slightly larger than that usually 
supplied with the syringe with the pointed end ground square. The 
larger bore avoids blocking with minute tissue fragments and the 
square end allows better control of the small drops which are formed 
at the t ip .  

(c) The syringe, detached from the micrometer holder, is filled 
and emptied twice with the dilution and finally filled with about 
lem. length of fluid. It is then fitted into the micrometer holder and the 
handle turned to expel a few drops and to set it to the zero mark, 
and the end of the needle is touched inside the fluid container to 
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detach the last drop. The black screw on the  holder is  t igh tened a 
l i ttle to provide a moderate brak ing act ion on the handle. 

(d) Sl ides are cleaned and flamed in the usual way to render them 
grease-free. One sl ide is  used for each d i lut ion . The micrometer 
handle is  t urned so as to extrude 1 microl i tre of flu id  (one complete 
turn  of the handle extrudes 0.0 1 ml . ; turning i t  th rough only 5 of the 
smallest div is ions on the handle del ivers 1 microt i t re) ; th i s  is touched 
on to the corner of the slide to set up standard condit ions at the 
needle t ip  and th is  drop i s  not considered further. Five more d rops 
are then placed at the centre of the slide, in a row of 3 and a row of 2, 
being set just far enough apart to avoid thei r runn ing  i n to each other. 
Without  delay the sl ide i s  placed on  a piece of white paper carry ing 
an i nk  out l ine of a sq uare of s ide 0 .5 cm. Each drop in  turn is  brought 
over the square and spread to the same area with the end of a straight 
plati n um wire (the operat ions of placi ng the drops on the slide and 
spread ing them must be done quickly to prevent  i rregular distri
but ion of bacil l i  due to drying) .  The slide i s  then placed on the 
levelled l id of a boi l ing waterbath for about 1 -2 mins .  to d ry and 
fix the films. The sl ide is taken off, al lowed to cool and flooded with 
phenol-gelatin solut ion wh ich consists of 0 .5 % gelat in  and 0.5 % 
phenol in  dist i l led water. The solution is then pou red off the slide 
which i s  a l lowed to drai n for 2 or 3 seconds and then placed on the 
water-bath l id aga in  for 2 minutes. The slide is then held in formal in  
vapour for 3-5  mins ,  placed on the l id again to drive off formaldehyde 
vapour  and stai ned by Zieh l -Neelsen method .  Naked-eye examina
tion should confirm that the centre of each square film i s  th icker and 
more deeply counter-stained (counter-stain ing with Loeffler 1 : 5 for 
30 seconds should be very l ight) than the periphery ; if the thickest 
part i s  deviated away from the centre, there may be an i ncompletely 
homogen ized particle causing distort ion or  the water-bath lid may 
not be level . I naccuracy wi l l  follow. A deeply-stained ring with i n  a 
sq uare i ndicates that too much drying occurred before the drop was 
spread to its sq uare form ; a t ightly-stai ned r ing is  often fou nd on 
warm dry days and i s  not a serious cause of error. 

(e) Ten fields are counted across the equator of each drop in the 
following way. The lower, or nearer, edge of the drop i s  found 
under the microscope (oi l - immersion 2 mm. objective) and then, 
using the stage micrometer, the stage is moved down, or nearer 
by 2t mm. which brings the field on to the equator of the drop. The 
slide is  then moved right or left unt i l  the edge of the drop is again 
found and the moving stage adj usted if necessary so that the stage 
micrometer registering lateral movement is set at a division of exactly 
m idway between two divisions and the microscope field is j ust inside 
the spot edge. The bacil l i  i n  this field are counted and then those i n  
9 other fields, found by traversing the stage by t mm.  intervals and 
the average count per field calculated . The last field should be just 
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with in  the opposite edge of the drop ; if the latter has been spread 
rather smal l ,  it may l ie outside and the average of the 9 fields counted 
should be taken. The counts i ncrease, of course, as the t h icker cen tre 
is approached and d imin ish again towards the opposi te edge. The 
"grand average" count  per field for al l  5 drops i s  determined and 
the numbers of baci l l i  per ml. of di lut ion are found by the calibrat ion 
factors set out below. 

2. CaJibration of microscopes and calculations 

Bacil l i  may be counted in the whole circular field (Hilson, 1 956 ; 
H i lson and Elek) with i n  the area of an eyepiece graticule or us ing a 
square eyepiece mask as i n  ret iculocyte est imat ions .  Whichever is 
chosen , i t  m ust be calibrated, most conveniently by examin ing the 
smal lest sq uare of a Neubauer (or other) haemacytometer chamber 
with the same oi l - immersion lens as is to  be used for the count ing. 
To visualise the l ines, the haemacytometer ruled area is not covered 
with a cover-s l ip, the lens is used dry and the microscope condenser 
is racked well down . H i lson found with his objective and x 5 
binocular eyepieces that the field corresponded to 4 smal lest sq uares 
( 1 / 1 00 sq. mm.) .  

Calculation : 1 / 1 000 ml .  of material i s  spread over an area of 
25 sq. mm.  g iv ing an average vol ume of 1 /25,000 ml. per  sq.  mm.  
Each field has  an area of 1 / 1 00 sq.  mm.  giv ing the volume per  field 
as 1 /2,500,000 ml. Therefore the n umbers of baci l l i  per ml .  of 
di lut ion examined (N )  = average count  per field (n) x 2.5 X 1 06 •  
Obviously th i s  m ust be  mult ipl ied by the  d i lut ion factor to arrive a t  
the  numbers of baci l l i  i n  the original homogenate. 

(Note again ,  that for maximum accuracy n should be between 
5 and I S). 

Speci men : Counts : Drop 1 : 4, 2, 4, 1 2, 1 3 , 1 0, 1 5 , 1 0, 8 , 4 ; mean 8 .2  
Drop 2 :  0 ,  3 ,  9, 1 7, 1 5 , 1 3 , 1 1 , 1 2, 3 ,  I ;  mean 8 .4 
Drop 3 :  1 , 6, 2, 1 5, 1 4, 1 4, 1 4, 8, 2, 1 ;  mean 7 .7  
Drop 4 :  2, 3 ,  5 , 1 4, 1 2, 1 2, 1 0, 3 , 0, 1 ;  mean 6.2 
Drop 5 :  5 ,  8 ,  7 , 1 1 , 5 , 1 2, 1 2, 9, 5 , 2 ;  mean 7 .6 

Di lut ion of homogenate : 1 :30 ; 
Baci l l i /ml .  of homogenate = 7 .6  x 2.5  x 30 x 1 06 

= 570 mi l l ion . 

mean 7 .6  

I t  should be ment ioned here that  wi th the technique applied, no 
distinct ion is made between living and non-living bacil l i .  The number 
of bacteria found and calculated are derived from those micro
organisms that were stainable (Hanks, 1 95 1 ; Hobby et aI, 1 954). 



No. o/ 
Test Group animals 

( I )  Controls untreated . . .  I S  

(2) DDS 
0.2 % in the food . . .  1 3  

(3) 'Vadrine' 
1 .0 %  in the food . . . 1 0  

(4) Controls infected with 
heat-treated bacilli  (5 
mins. at 1 00° C.) . . . 7 

TEsTIS (cm.) I SPLEEN (cm.) BACTERIAL INDEX 
--- --1--

Length Breadth Depth Length Breadth Lung Liver Spleen 

---

2.2  1 .2 0.8 4.6 l . l  1 .3 1 .3 1 .4 

2.0 1 . 1  0.8 5 . 5  1 . 3 0.6 0. 1 0.4 

1 .6 0.8 0.5 3.9 0.8 0.2 0.2 0.3 

I 

1 .7 0.9 0.6 4. 1 0.7 0.4 0.8 0.4 

- = No. of Bacteria per ml.  Testis Homogenate Control Group ( I )  

No. o f  Bacteria per m l .  Test is Homogenate Test Group 2 ,  3 o r  4 

Mean 

1 .3 3  

0.37 

0.23 

0.53 

Bacteria per mi. 
testis homogenate 

1 ,304,885,000,000 

1 9,939,980,800 

I ,63 I ,000,000 

2,257,643,000 

-Ratio 

0 

65 

800 

578 

V. 
tv 

r ttl "0 
::c � -< 
� ttl 
� ttl 
� 
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Results 

The results obtained i n  the animal tests are summarized in the 
table.  These are expressed in  s imple average figures wh ich were cal
cu lated for the i ndividual test  groups. 

Fifteen rats died from non-specific infect ions d uring the course 
of the experiment.  

I t  i s  shown in  the summarized average figures that D DS and 
'Vadrine', which were both mixed as pure substances with the food, 
exert a marked therapeutic effect on experimental leprosy i n  the rat . 
This is revealed i n  the average size of the testis and the spleen with 
the exception that the spleen in the animals under D DS is larger 
than that of the untreated controls. The bacterial i ndex, calculated 
from the number of bacteria present  i n  t issue suspensions of l ung, 
l iver and spleen,  shows an average total degree of infect ion in the 
untreated controls of 1 . 33 as compared to 0.37 i n  the DDS, 0.23 in 
the 'Vadri ne' and 0.53 i n  the group infected with heat treated baci l l i .  

A comparison of  the  average n umber of  bacteria per  m ! .  testis 
homogenate clearly reveals the effect of D DS and 'Vadrine' .  With 
an infect ion dose of about 250,000,000 bacil l i ,  the calculated number 
of bacteria per m! .  testis  homogenate indicates that neither DDS 
nor 'Vadrine' are able to destroy the  murine leprosy baci l l i .  Both 
substances, however, i nhibit the increase of the micro-organism to a 
marked degree as is demonstrated by a comparison with the un
t reated control group. With the test series as arranged by us, and the 
dosage chosen, 'Vadrine' has proved to be more efficient than D DS .  

Hobby et a I ,  ( 1 954) also observed that in  the  tissue suspensions 
of animals ( lung, l iver and spleen),  bacteria could be demonstrated 
i n  the animals which had been infected with heat treated suspensions 
Myc. leprae murium. The question of whether this i s  due  to the trans
port of non-living micro-organisms of these organs or to the fact 
that heating for 5 mins .  at 1 00° C. i s  inadequate to destroy all the 
bacteria is left open by the authors. According to the findings 
reported by Naguib et aI, ( 1 956), the latter possibi l ity is the more 
probable. In tests carried out by these authors (intracorneal i njection 
in  the mouse) even suspensions of Myc. /eprae murium heated to 60° 
C. for 1 20 mins .  caused typical lesions although only after a pro
l onged latent period of up to eight months. 

Elek and Hilson ( 1 956) assume that non-living lepra bacil l i  are 
taken u p  by tissue phagocytes and remain demonstrable by staining 
for long periods. Four months after intraperitoneal infection of white 
rats these authors were unable to dist inguish any difference (number 
of bacteria, histological changes) between the animals which had 
been infected with l iv ing m urine leprosy bacill i  and those infected 
with heat t reated bacil l i .  Our own results, i .e . ,  the number of bacill i  
per ml .  testis homogenate in  the group infected with heat treated 
organisms is significantly lower than that of the control group, 
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although it i s  larger than should be assumed on the basis of the 
amount i njected. Provided the technique of our heat treatment is 
correct, it must be assumed that this treatment did not destroy all the 
baci l l i .  This may have permitted a certain proliferation of baci l l i .  
I t  is expressed by a larger number of bacteria per ml . testis homo
genate compared to the injection amount. It would appear therefore 
that our  observat ions support the opinion of Naguib and his 
associates. 

Summary 

The treatment of experimental murine leprosy in the rat with 
4 :4 'diaminodiphenyl-sulphone (DDS) and p-amino-salicylate of 
2-pyridyl (4)- 1 , 3 ,4-oxdiazolone-(5) ('Vadrine') u nder our  test con
ditions and with the chosen dosage reveals a marked therapeutic 
effect of both substances. 'Vadrine' would appear to be more efficient 
than DDS .  The test results obtained in  animals infected with heat
treated suspensions (5 mins .  at 100° C.) of murine leprosy bacilli 
give rise to the suspicion that either our technique for the heat
treatment was incorrect or that this t reatment is insufficient to 
destroy all the baci l l i .  
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