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Does Convit vaccine (BCG +
Mycobacterium leprae) afford protection
against biochemical changes in renal brush
border membrane in experimental leprosy?
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Summary  Renal functional statusin Mycobacterium leprae infected mice can be
best studied by examining the enzymatic status of brush border membrane vesicles
from proximal convoluted tubule. The role of vaccination in modulation of the
renal status brought by the disease has been studied using this technique. The
characteristic marker enzymes of renal brush border membrane—namely alkaline
phosphatase, leucine aminopeptidase and y-glutamyl transpeptidase decreased
significantly (p<001) in due course in M. leprae infection over a period of
9 months. The combined vaccine (BCG + M. leprae) may have a protective effect
on renal abnormalities only in the initial stages of infection as indicated by a
significant rise in enzymatic levels. However, no significant (p > 0-05) protective
effect of vaccine was found in a more advanced disease state after 9 months in
infected mice.

Introduction

Renal involvement is a frequent finding in leprosy.' A number of trials of vaccination
have been conducted in humans*? to assess its protective value in the disease. Significant
rates of skin test conversions have been reported 3 months after vaccination with BCG
alone and with two consecutive doses of killed Mycobacterium leprae with or without
BCG.® Vaccination studies have also been carried out in animal models of leprosy
particularly in mice*’? since this animal can be easily obtained and handled.

Earlier studies elucidated the histopathological and immunological status of the
kidneys in leprosy subjects.>!' These criteria do not in themselves explain the complete
renal pathogenesis or indicate the state of infection at which the renal impairment actually
starts; these parameters also do not pick up damage at the cytochemical level. In a recent
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study, significant enzymuria was detected in untreated multibacillary leprosy patients'?
which may reflect the level and extent of renal damage. W e planned to study the onset and
alterations in renal brush border membrane (BBM) enzymes also in a mouse model of
leprosy at different time periods of experimental infection. It may be possible also to
examine the role of vaccination in the modulation of renal impairment in the mouse
model using renal BBM enzymes as the biochemical markers for the detection of insult to
kidneys.

Materials and methods
SOURCE OF M. LEPRAE

The M. leprae were isolated from skin biopsies taken from lepromatous leprosy patients
with a Bl ranging from 4+ to 64+ and a MI of more than 1 %. The bacteria were counted
and aninoculation of 1 x 10*acid fast bacilli (AFB) was used for mouse footpad infection.

MICE

Outbred lacca strain of Swiss albino mice each weighing 20-25 gm (3-4 weeks old) were
used for the study.

VACCINATION

The vaccine preparation was made by mixing BCG (BCG, Vaccine Laboratory, Guindy,
Madras) and armadillo derived M. leprae (Dr R J W Rees, Immunology of Leprosy
(IMMLEP) Bank) at the concentration of 1x10° and 3x10°® AFB per mouse,
respectively.*'*

IMMUNIZATION OF MICE

Each mouse was injected subcutaneously with 30 ul of vaccine preparation in the left hind
footpad. Three weeks later a booster dose of the vaccine was injected using 10 times
diluted mixed vaccine preparation.'> A week later, the mice were given M. leprae infected
in the right hind footpad subcutaneously.* Control animals received 30 ul of normal saline
injections simultaneously. The animals were thus challenged with M. leprae 4 weeks after
the primary vaccination dose.

LEPROSY

Leprosy infection was assessed by the footpad bacterial counts'® at different time intervals
ranging from 0 to 9 months during the course of infection.

EXPERIMENTAL DESIGN

A total of 150 Swiss albino mice (lacca strain) obtained from the central animal house of
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the Postgraduate Institute of Medical Education and Research, Chandigarh, India, were
divided into the following three groups:

(i) NC (normal controls);
(i1)) NIC (normal infected controls);
(iii) NIV (normal infected and vaccinated).

PREPARATION OF BRUSH BORDER MEMBRANE VESICLES (BBMV)

The BBMYV from the renal cortex were prepared by the method of Malathi'” and the
quality was checked as described by Turner & Moran.'?

ENZYME ASSAY

Alkaline phosphatase wasassayed by the method of Bergmeyer,'? leucine aminopeptidase
was assayed by the method of Goldberg & Rutenberg.?’ The method of Naftalin?' was
used to determine the activity of y-glutamyl transpeptidase. The substrate concentration
was standardized and used for each enzyme assay throughout the study. One enzyme unit
is defined as p mole of substrate hydrolysed per minute per mg protein under standard
assay conditions and the enzymatic activities are expressed as Mean + SD. Protein was
estimated by the method of Lowry.??

Results

The BBMYV prepared from the renal cortex of M. leprae infected mice were employed for
the assessment of kidney function during the course of experimental leprosy and the role
of vaccination in preventing/reverting the impairment caused by the infective agent. The
normal infected (NIC) and vaccinated (NIV) groups were compared with the NC group.
The hydrolytic enzymes characteristic of BBM studied included alkaline phosphatase
(AP), leucine aminopeptidase (LAP) and y-glutamyl transpeptidase (yGT).

The activities of alkaline phosphatase estimated from the BBMV from vaccinated
(NIV) and infected (NIC) groups of mice were compared with controls (NC) as given in
Figure 1. No significant difference in enzymatic activities was found between the groups at
zero time. However, a significant decrease (p <0-01) in enzymatic activity was found at
1 month in the NIC group, the fall was more pronounced from 3 to 9 months post-
infection when compared with the NC group. The NIV group of mice showed a
significant rise (p<0-001) in the enzymatic activity compared to the NIC group at 1
month post-infection and this increase persisted up to a 3 month period of infection.
However, after 6 months of infection, there was no significant (p>0-05) difference
between NIV and NIC groups. In the 9 month post-infection group, there was a
significant fall (p <0-01) in enzymatic activity both in the infected (NIC) and vaccinated
(NIV) groups when compared with the control group (NC).

Figure 2 depicts the activities of leucine aminopeptidase in vesicle preparations from
the three groups of animals described earlier. Here also there was a significant fall in the
enzymatic activity after I month of infection to 9 months post-infection (NIC group),
whereas the enzymatic activities in the BBMV of NIV group were significantly increased
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Figure 1. Activities of alkaline phosphatase in control, infected and infected-vaccinated groups of mice killed at

0, 1, 3, 6 and 9 month intervals. Values are represented as Mean +SD. The level of significance is *, p <0-001

control vs infected group; **, p <0:001 infected vs infected-vaccinated group; * p <0-001 control vs infected-
vaccinated group.
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Figure 2. Activities of leucine aminopeptidase in the control, infected and infected-vaccinated groups of mice
sacrificed at 0, 1, 3, 6 and 9 month intervals. Values are represented as Mean + SD. The level of significance is: *,
p<0-001 control vs infected group; **, p<0-001 infected vs infected-vaccinated group; f, p <0-001 control vs
infected-vaccinated group.

after 1 to 6 months post-infection. At 3 months and 9 months post-infection, no
significant difference (p <0-05) was found between the NIC and NIV vaccinated group of
animals.

Figure 3 demonstrates the activities of y-glutamyl transpeptidase in vesicle prepara-
tions of the three groups. A similar pattern was observed with this enzyme also, i.e. a
significant fall in the activity occurred following M. leprae infection up to 9 months post-
infection in comparison to control animals. A significant rise (p < 0-01) in the enzymatic
activity in the vaccinated group in comparison to NIC group was seen. It is evident from
Figure 3 that there is no significant difference ( p > 0-05) between the vaccinated group and
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Figure 3. Activities of y-glutamyl transpeptidase in the control, infected and infected-vaccinated groups of mice
sacrificed at 0, 1, 3, 6 and 9 month intervals. Values are represented as Mean + SD. The level of significance is: *,
p<0-001 control vs infected group; **, p<0-001 infected vs infected-vaccinated group; f, p <0-001 control vs
infected-vaccinated group.

control group at 3 months and the post-infected group followed up to 9 months, an
indication of the protective effect of the vaccination during the study period.

Discussion

Laboratory animals, as experimental models of diseases, can be used for the early
detection of the onset of the disease. Accepted markers of disease are abberations in the
histopathological and immunological parameters, but reflect the disease process at a very
advanced stage. Complete renal structural and functional status cannot thus be evaluated
by the existing parameters. Establishment of biochemical parameters for the early
detection of the disease would be appropriate. It has been found that BBM enzymes are
altered much earlier during the disease compared to histopathological alterations and
hence can be used as markers for the early detection of the disease. The BBMV can also be
used for the study of the role of vaccination in modulation of the renal status brought
about by the disease.

A significant fall in the enzymatic activities of all three BBM enzymes during the
course of experimental M. leprae infection in mice from 1 to 9 months is an indication of
gradual damage of the renal proximal tubule membrane compared to the control group of
animals. These observations are in agreement with the earlier histopathological,'?}
immunological'®?* and functional alterations''*?* in the kidneys in human subjects.

The significant difference in the activity of the enzymes studied in NIC and NIV
groups may have the following implications: the biochemical alterations across renal
BBM are specific to M. leprae infection as these could be reversed by giving the
vaccination mixture of BCG and M. leprae. The vaccination may have a protective effect
on the renal impairment brought about by leprosy only in the initial stages and no
significant protective effect was found in the advanced disease state in the 9-month
infected group of animals. It is likely that the combined BCG and M. leprae vaccine
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prevents the formation of immune complexes by disturbing the ratio of antigen : antibody
required for the formation of immune complexes. Hence the vaccine may have a
preliminary role in preventing the immune complex deposition at an initial stage when the
antigen load is not in excess.
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Le vaccin convit (BCG + Mycobacterium leprae) offre-t-il une protection contre les
changements biochimiques de la bordure en brosse de la membrane rénale dans le cas
de la lépre expérimentale?

M KoHLI, N K GanGuLy, S KAUR, K S CHUGH, V K SHARMA ET
S R BHUSHNURMATH

Résumé  Lameilleure méthode d’examen de la fonction rénale des souris infectées par le Mycobacterium leprae
est d’étudier I'état enzymatique des vésicules du bord en brosse de la membrane du tube contourné proximal
rénal. Cette technique a été utilisée pour déterminer le role de la vaccination dans la modulation de la fonction
rénale atteinte par la maladie. Les enzymes marqueuses caractéristiques de la membrane a bord en brosse a
savoir la phosphatase alcaline, la leucine-aminopeptidase et la gamma-glutamyl transpeptidase avaient fort
baissé (p <0,01) aprés un certain temps dans le cas d’une infection causée par le M. leprae, au cours d’une période
de 9 mois. Le vaccin combiné (BCG + M. leprae) peut avoir une action protectrice contre les anomalies rénales
uniquement en début d’infection comme I'indique I'elévation importante du nombre d’enzymes. Cependant,
chezles souris infectées, le vaccin n’avait aucun effect protecteur notable (p> 0,05) 9 mois plus tard, lorsque la
maladie avait évolué.

(Puede dar proteccion la vacuna Convit (BCG + Mycobacterium leprae) en contre
de los cambios bioquimicos en l1a membrana renal de borde en cepillo en la lepra
experimental?

M KoHLI, N K GANGULY, S KAUR, K S CHUGH, V K SHARMA Y
S R BHUSHNURMATH

Resumen El estado funcional renal en los ratones infectados con M ycobacterium leprae puede ser mejor
estudiado examinando el estado enzimatico de las vesiculas de la membrana de borde en cepillo del tubulo
contorneado proximal. Se ha estudiado, usando esta técnica, el papel que juega la vacuna en la modulacion del
estado renal ocasionado por la enfermedad. Las enzimas marcadoras caracteristicas de la membrana renal de
borde en cepillo, llamadas fosfatasa alcalina, leucina aminopeptidasa y gamma-glutamil transpeptidasa
disminuyeron significativamente (p <0,01) en debido curso en la infeccion con M. leprae durante un periodo de
9 meses. La vacuna combinada (BCG + M. leprae) puede que tenga un efecto protector sobre las anormalidades
renales solamente en las etapas iniciales de la infeccion indicado por un aumento significativo de los niveles
enzimaticos. Sin embargo, no se encontro6 un efecto protector significativo (p > 0,05) de la vacuna en estados de
enfermedad mas avanzados después de 9 meses en ratones infectados.





