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Lactate Dehydrogenase Zymograms of Skin
Biopsies in Patients with Leprosy.
A Preliminary Report'
Arun M. Saoji, Harshadrai J. Jariwala, and Subhash S. Kelkar
lsoenzymes are enzymes with functional
unity but electrophoretic diversity. The isoenzymes of lactate dehydrogenase (1,D11)
have been extensively studied in human
sera. Alterations of I.D11 patterns are established as pathogenetic markers in the
diagnosis of necrotic parenchymal diseases
( 3 ). We have studied isoenzymes of microbes and have found characteristic definable isoenzymes of LDH in Slaphylococ1
and P.veudomonas. Lepromatous
leprosy is an unusual host-parasitic interaction in which the causative organism, M.
/eprue, accounts for a major part of the
weight of the dermis. It appeared worthwhile to investigate isoenzymes of I.DH in
tissues of patients with different varieties
of leprosy with two intentions. First, we
wished to define LDH isoenzyme patterns
(zymograms) of the skin in different forms
of leprosy. A careful scrutiny of the literature has revealed only four reports on LDH
in leprosy ("•'"• "• 2 °). Second, we wished to
explore the possibility that M. leprue has
distinctive isoenzymes which might he
markers for viable organisms in the tissues.
Currently, the effect of therapy is judged
by, among other things, the morphological
index ("), but even this has not been universally accepted as a reliable marker of the
viability of the organisms ( 5 ).
(
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MATERIALS AND METHODS
Cases. Seventy-eight cases of leprosy attending the Sir J. J. Group of Hospitals,
Bombay, were studied. In each case a detailed history to include the duration and
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amination were carried out. Smears were
obtained, and the bacterial (13I) and morphological (MI) indexes determined by
Ziehl-Neelsen staining ("•") and by fluorescence microscopy ( °). Lepromin testing
with armadillo lepromin was done. A biopsy of a lesion in the skin was taken for
a histological study and for the determination of the LDH zymogram. Each case was
classified according to the scheme of Ridley
and Jopling (' 2 ). Cases of lepromatous leprosy (Ii.) were further divided on the basis
of MI, therapy, and clinical features into
the suhvarieties "active — and "regressing. —
Normal tissues for I.DH zymograms.
Twenty-five skin samples were obtained.
Fifteen were from cadavers and ten from
normal patients undergoing plastic surgical
procedures.
Tissue extraction for I.DH zymograms. A
piece of dermis together with the epidermis
weighing 100 mg was carefully trimmed
from the biopsy and washed thoroughly
with sterile saline to remove blood components. The tissue was then homogenized
in 2 ml of 0.1 M tris glycine buffer, pH 8.4,
in a manual Teflon-tipped tissue homogenizer of 20 ml capacity. Homogenization
was carried out by the same operator and
timed for 10 min. The fluid and tissue debris
were centrifuged at 12,000 x g for 20 min
at 4°C and the clear supernatant immediately studied for the LDH isoenzymes.
LDH isoenzyme separations. This was by
polyacrylamide disc gel electrophoresis in
a miniaturized apparatus The gel contained 7 percent monomer in the same tris
glycine buffer used for extraction. Separations were in gels cast in glass tubes of 2
mm internal diameter. The inoculum of the
tissue extract was 10 /11, the current 1 mA/
gel, and the movement was monitored by
the movement of albumin in a parallel human serum sample stained with bromophenol blue. The gels were immediately re-
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FIG. I. Lactate dehydrogenase zymogram of normal tissue on polyacrylamide disc gel electrophoresis.
"I he gel was 2 min in diameter. 0 -- origin. Five distinct hands are seen. "I hese are numbered and correspond to the hands observed in normal human serum.

moved and stained for LDH isoenzymes
7 ). Briefly, the method was as follows:
Each gel was incubated at 37°C in darkness
in a solution of lithium lactate (substrate),
nicotinamide adenine dinucleotide (N AD)
(coenzyme), phenazine methosulfitte (PMS),
and nitroblue tetrazolium chloride (NBT).
LDH releases H' ions from the substrate,
which are transferred by PMS and reduced
N I3T to a purple colored triphenyl formazan. The zymogram was scrutinized visually and eF values for each calculated by
the following formula:
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Fin. 2. Lactate dehydrogenase zymogram of tissue from a case of active lepromatous leprosy. () =
origin. "I he usual live bands are seen and numbered as
in Fig. I. An additional. anomalous band IA) of very
great intensity is seen between band 4 and 5. "I his
probably represents an I.D11 of M. leprae.

(

RESULTS

seen in cases positive for AFI3 and occurred in 17 of them. All these 17 cases had
a 131 of 2 or more and a MI of 5 percent or
more. Thus the anomalous LDH isoenzymes correlated with large numbers of viable microorganisms.
Details of the ten cases showing AFI3 but
no anomalous hands were also quite interesting. Two cases had BT leprosy and had
a low bacterial load (BI 1). Four cases had
LL disease with 13Is of 5, 5, 3, and 2 but
were on prolonged treatment with no viable
organisms as judged by the MI. These six
cases therefore had few viable organisms.
Only four cases in this group had evidence
of numerous viable organisms. One case
had LL with EN I. (BI 6 and MI 10%), and
three cases had LL with BI 6, MI 10%; BI
5, MI 8%; and BI 5, MI 15%, respectively.

Normal tissue 1.1)11 zymogram. Extracts
of normal skin invariably showed five LDH
isoenzymes with eF values of 0.66, 0.5,
0.37, 0.22, and 0.08 (all ±0.04). These have
been conveniently labeled in the European
system as 1, 2, 3, 4, 5, respectively 2 ) (Fig.
1). These corresponded with the LDH zymogram described for normal human serum, but the densities of the bands were
different and variable.
Zymograms of skin from patients with leprosy. All tissues of cases showed the five
bands seen in normal tissues. In addition,
17 cases showed extra LDH isoenzymes
(anomalous bands) (Fig. 2). In five cases,
two anomalous bands were seen. The eF
values of these anomalous hands were
0.125 (+0.015) and 0.525 (±0.015). The Table summarizes these results.
Of the total of 78 cases studied, 27 were
positive for acid-fast bacilli (AFB). Anomalous LDH isoenzymes were exclusively

We have been able to obtain only four
reports from the literature regarding anomalous (additional) isoenzymes of LDH other than the five classical varieties seen in
human serum samples. Lubrano 1 ") described additional hands which he designated as 'F hands between LDH 4 and 5 in
42 of 76 cases of liver diseases. An additional band between LDH 4 and 5 was described in some sera containing the hepatitis 13 antigen ('), and this was later
correlated with the hepatitis B "e antigen
17 ). Lastly, anomalous hands were described in sera of patients with malignant
tumors, as reported by Wilkinson CI.
Four reports are available dealing with
leprosy and LDH. Zuravieva 2" studied
tissues of 69 patients by histochemical
methods and observed a loss of LDH staining activity. This was ascribed to depres-
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THE TABLE. Type of /epro.vy and additional (anomalous) L/)11 isoenzymes in skin
e.vtracts."
Total
Additional
cases
1,D11
with
No. of isoenzymes
anomacases
eF^eF lous iso0.125 0.525 enzymes
^
12
45^II^5
LL Total
^
10
17^9^4
a. active
^
b. active, ENE
3^2^1
^
0
c. regressing
25^0^0
^
S
111.^ 5 ^5 ^
0
8 ^(1^()
0^ 0
0
IT^19
^
0
0
0
Indeterminate
^ ^
I7''
16
6
hotal^78

Variety of
leprosy
(Ridley-Jopling)
12
(

)

" Every tissue showed the five LDH isoenzymes
seen in extracts of normal skin.
'' Five cases showed both anomalous hands.

sion of anaerobic glycolysis in the leprosy
granuloma. Isoenzymes of the tissues were
not studied. Levitch (") studied sera from
cases of leprosy and did not observe any
significant changes in the serum LDH zymograms. The only report of zymograms in
tissue homogenates is by Saito (' 3 ). In 20
tissues, this observer demonstrated a rise
of LDH 3 and 4 in AFB-containing tissues,
of LDH 3 in LL with ENL, and of LDH 5
in tuberculoid leprosy. Anomalous hands
were not observed. Lastly, the same observer studied serum LDH isoenzymes in
leprosy and found similar changes as in the
tissue homogenates (H). The changes were
ascribed to tissue damage and lowered
clearance of isoenzymes by a deranged reticuloendothelial apparatus.
The origin of LDH isoenzymes in skin is
obscure. Trace contamination from blood
cannot be excluded. Two reports in the literature describe LDH isoenzymes of the
skin C 18 One suggests that LDH 4 and 5
originate mainly from cells of the epidermis
and the others from the dermis. Undoubtedly, isoenzymes differ from tissue to tissue. The liver and voluntary muscle are the
principal sources of LDH 5 and 4 and the
heart of LDH 1-2. So far, a possible origin
from microbes has not been thought of.
That microbes might contribute to distinctive isoenzymes became vividly appar.

).
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ent to us from our studies on sonicated
Staphylococcus amens ("). This organism
had up to three LDH isoenzymes, and there
was even a correlation between antibiotic
sensitivity and LDH isoenzymes. In view
of the well known heavy bacterial load in
lepromatous leprosy, it seemed worthwhile
to investigate leprosy tissues. Perhaps the
miniaturized technique for polyacrylamide
disc gel electrophoresis (PADGE) that we
used with its increased sensitivity enabled
us to detect two additional LDH isoenzymes in tissue extracts of dermal leprosy
lesions. Further, the bands occurred exclusively in lesions loaded with viable organisms. There were, however, four cases
which were exceptions. It seems reasonable to infer that the anomalous hands were
derived from Mycobacterium leprae. Unfortunately, the literature does not contain
reports of LDH isoenzyme patterns of mycobacteria that enable any valid comparisons or inferences to be drawn.
The presence of anomalous LDH isoenzymes in tissues correlated well with the
viability of the microorganisms as determined by the MI. If these observations are
reproducible in other laboratories, then
there would seem to be two practical uses.
First, in an individual case, LDH isoenzymes in sequential biopsies might be useful to monitor the effect of treatment. Second, it might easily help to define cases
with drug-resistant organisms. We are undertaking studies on these lines. Certainly,
the technology is less complicated and time
consuming than the growth of M. leprae in
the mouse foot pad.
SUMMARY
LDH isoenzymes were studied in tissue
extracts of 78 cases of leprosy. All 25 control tissues showed five LDH isoenzymes
corresponding to those of human sera. All
tissues from the leprosy cases showed five
similar bands. Seventeen cases showed additional LDH isoenzymes (anomalous
bands). In 12 cases there was a single extra
band with an eF value of either 0.125 _±
0.015 or 0.525 ± 0.015, and five cases
showed both these bands. Additional bands
were observed only in cases positive for
acid-fast microorganisms (17 of 27 cases),
and their presence correlated well with bacterial load (as judged by the BI) and viable

48, 4^Saoji, et al.: LDH Zymograms in Leprosy ^429
organisms (as judged by the Ml). Four
cases with a high BI and MI did not show
anomalous bands, however. A plausible explanation for these hands is that they originate from viable M. leprae.
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