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ABSTRACT To establish Lactate dehydrogenase (LDH) isoenzyme is a biochemical tumor marker in cervical
carcinoma patients for diagnosis and treatment monitoring of the disease. The Serum and cervical tissue LDH
isoenzyme was analyzed qualitatively by Poly Acrylamide Disc Gel Electrophoresis method. The total LDH activity
was estimated quantitatively by the method of UV spectrophotometry. 50 untreated cervical carcinoma patients were
taken up and compared with age matched healthy females (controls). Out of 50 patients, 5 patients were histologically
classified as well differentiated squamous cell carcinoma (Grade-1), 23 were moderately differentiated squamous cell
carcinoma (Grade-11) and 22 were poorly differentiated squamous cell carcinoma (Grade-111). Grade-l patients did not
show any change, in the serum and cervical tissue LDH isoenzyme fractions compared to the controls but variation
in electrophoretic mobility have been observed. Grade-1l patients showed two new additional isoenzyme fractions in
LDH, and LDH, locations, where as Grade-111 patients showed only three LDH isoenzyme fractions. The total LDH
activity in both serum and cervix tissue of normal individuals are 0.458+0.0796 units/ml; and 0.680+0.0218 units/mg.
Grade-l patients did not show any change in total LDH activity (serum: 0.384+0.0404 units/ml; cervical tissue:
0.589+0.0292 units/mg; P<0.01). Grade-Il1 patients showed much lower values (serum: 0.284+0.0109 units/ml;
cervical tissue: 0.327+0.043 unitsmg; P<0.001), where as Grade-Il patients showed significant increase in total LDH
activity (serum: 0.878+0.0531 units/ml; cervical tissue: 1.296+0.0813 units/mg; P<0.001) respectively. The results
suggest that LDH isoenzyme is useful biochemical tumor marker for diagnosis and to assess the grade of malignancy.

1. INTRODUCTION

Cervical region is a common site of female
malignancies in India with 85% of neoplasia
having amortality rate of 5% (Nair and Fillai 1992).
Various types of markers are being in use for the
early diagnosis and to observe patients response
to therapy while there are many diagnostic marker
for early diagnosis of malignancy. Lactate
dehydrogenase (LDH) isoenzymes is of
considerableinterest to the biochemical oncologists.
Anincreased levelsof serum LDH ingynecol ogical
malignancies hasbeen reported by several authors
(Wright et al. 1966; Sherwin et a. 1968; Zondag
andKlein 1968). Activity of lactate dehydrogenase
L DH isoenzymein blood serumwashigher in case
of precancerouslesion of cervix uteri thanin healthy
controls. Thisindex wasfurther increased 1.6 fold
in the cases of maignancy of cervix uteri than
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precancerous lesions (Nugamanova et a. 1981).
Kumar et d. (1988) studied serum L DH isoenzyme
activity in carcinoma cervix patients. They found
outsgnificantincreaseof LDH, andLDH, fractions
incervicd carcinomapatientscompared with control
values (P<0.001). After radio therapy the patients
showed significant lowering of LDH, and LDH,
(P<0.001) intheserum. Sothey condluded that LDH
isoenzymedeterminationin carcinomacervixisvery
helpful in ng, trestment response following
radiotherapy and thus may be an important
prognostic parameter. Chow et d. (1991) found that
the total serum LDH in malignant ovarian tumor
was 876.3 (+450.4) IU/L which was significantly
higher than in benign ovarian cancer 364.8 (+87.9).
Xi etd. (1994) suggested that L DH isoenzymemay
be consdered asatumor marker. VVon Eyben (2001)
concluded that serum LD, isuseful tumor marker of
testicular germ cell tumors. For patientswith ovarian
germcell tumors, serum LD, wasraised moreoften
than for patients with testicular germ cell tumors.
Oladipoet d. (2002) reported thet fiveisoenzyme of
LD (LD,-LD,) were present in both control and
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patient sera. The serum LD, and LD, isoenzymes
were predominant in the diseasesgroups (maignant
and non malignant). The purpose of thisstudy isto
analyze LDH of serum and cervix tissues
qualitatively and to estimate its activity
quantitatively bothinnormal personandin patients
suffering from cancer cervix so as to establish a
bio-chemicd relationship between LDH and cervica
carcinomain Indian popul ation.

2. MATERIALSAND METHODS

A total of 50 cervical cancer patients who
attended Out Patient Department (OPD) of the
Government Aringnar Anna Memorial Cancer
Institute and Hospital, Kanchipuram were taken
up for this present study and compared with
same age matched healthy women as control. All
patients were examined clinically and histo-
pathologically. Thefinal diagnosiswas made after
histopathological examination. The pap smear
results were not obtained when collecting the
samples however, the stages of the tumor where
conformed by the histopathol ogical observation
by the qualified experts. In al the 50 patients
serum and cervical tissue LDH isoenzymeshave
been analyzed.

Percentage activity of each fraction =

Activity in fraction comprising a peak
= x 100

Activity in al the fractions

2.1QualitativeAnalysis

Beforethe onset of treatment, blood samples
from the patients were collected and serum was
separated. Serumwasmaintained at 20°C infreezer
until the analysis were carried out. Tissue
samples were collected from the patients at the
time of biopsy and the sampleswere homogenized
with 0.1 M phosphate buffer at pH 7.4 and
centrifuged at 10,000 X g for 20 minutes. Samples
weretaken separately in each tube of Pace (Poly
AcrylamideDisc Gel Electrophoresis) for andysis
of LDH isoenzyme. Theresultswere conformed
by running duplicates.

The percentage activity of each fractions of
isoenzymes were calculated by the following
formula (using densitometric scanning).

2.2. QuantitativeAnalysis

The quantitative analysis of lactate dehydro-

genase was assayed according to the method
described by King (1965). One ml of buffered
substrateand 0.1 ml of enzyme extract was added
and the tubes were incubated at 37°C for 5
minutes. After the incubation period, 0.2 ml of
NAD* solution was added to the test and 0.2 ml
of digtilled water to the control and theincubation
was continued for another 15 minutes. The
reaction was then arrested by the addition of 1
ml of DNPH reagent and thetubeswereincubated
for afurther period of 15 minutes at 37°C. After
the last incubation period, 7 ml of 0.4 N NaOH
solution was added and the colour devel opment
was measured at 420 nm in aUV spectrophoto-
meter. Suitable aliquotes of standard and blank
were also analysed by the same procedure in
normal women serum and cervix tissues and all
the cervical cancer patients serum and cervix
tissues. For serum analysis 0.1 ml of samplewas
taken in test tube and the same procedure was
followed for estimating total serum LDH activity.

2.3. Statistical analysis

Mean (X), standard error (SE) werecalculated
for each patient. To understand the level of
significance between normal and cancer cervix
patients, Student t-test was applied (Zar 1984).

3. RESULTS

Among 50 patients studied, 5 patients were
histologically classified as well differentiated
squamous cell carcinoma (Grade-1), 23 were
moderately differentiated squamous cell
carcinoma (Grade-11) and 22 were poorly
differentiated squamous cell carcinoma as
(Grade-111). The densitometric scanning wasdone
in each samples but the picture was not
incorporated.

3.1. Serum and Cervical TissueL DH Activity
in Normal Women

Five LDH isoenzymefractionsnamely LDH,,
LDH,, LDH,, LDH, and L DH_have been observed
inboth serum and cervical tissue of norma women
(FHg. Lland2). Serum L DH showedthet L DH, fraction
hasthe highest activity (38.7%) and LDH, hasthe
lowest activity (14.5%). cervicdl tissueL DH showed
thet theL DH, fraction hasthehighest activity 80.1%
while the LDH, has the slowest activity (27.8%)
(Tableland 2; Fig. 3and 4).
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A-Normal, B-Grade |, C-Grade Il, D-Grade Ill
Fig. 1. Electrophoretogram showing the serum LDH

isoenzymes of normal

woman and patients

suffering from cancer cervix (Grade |, Grade ||

and Grade I11)

A-Normal, B-Grade |, C-Grade Il, D-Grade Il

Fig. 2. Electrophoretogram showing the cervix
tissue LDH isoenzymes of normal woman and
patients suffering from cancer cervix (Grade I,

Grade Il and Grade I11)

Table 1: LDH isoenzyme activity (percentage of total) in sera of normal woman and patients suffering

from cancer cervix (Grade-1, Grade-lIl and Grade-111)

LDH Normal Well differentiated Moderately differentiated Poorly differentiated
isoenzyme woman squamous cell squamous cell squamous cell
carcinoma (Grade-1) carcinoma (Grade-I1) carcinoma (Grade-111)
LDH, 38.7+1.347 17.6+£0.632 83.5+9.015
60.2+5.253
LDH, 23.5+0.636 22.6+0.769 30.3+£2.100 55.80+£5.520
52.6+4.125
LDH, 20.3+0.413 20.0+0.736 26.9+1.315 18.78+1.627
LDH, 26.3+0.777 9.20+£0.182 43.7+3.660 24.40£1.982
LDH, 14.5+0.197 35.7+0.046 80.1£7.990

Table 2: LDH isoenzyme activity (percentage of total) in cervix tissues of normal woman and patients
suffering from cancer cervix (Grade-l, Grade-11 and Grade-11)

LDH Normal Well differentiated Moderately differentiated Poorly differentiated
isoenzyme woman squamous cell squamous cell squamous cell
carcinoma (Grade-1) carcinoma (Grade-I1) carcinoma (Grade-111)
LDH, 54.8+1.675 44.6+2.625 50.3+£3.898
70.5+3.253
LDH, 60.8+£1.708 35.8+2.860 65.6+3.206 63.50+5.180
90.7+6.425
LDH, 39.4+0.941 33.7+1.885 72.8+3.672 44.38+3.280
LDH, 27.8+0.686 18.5+0.713 52.6+5.448 35.90+2.875
LDH, 80.1+6.120 90.7+0.450 32.5+5.629
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3.2. Serum and Cervical TissueL DH Activity
in Gradel Patients

LDH isoenzyme fractions of the serum of
Grade-| patients showed no abnormality.
However a reduction in the electrophoretic
mobility of LDH isoenzymefractionsand LDH,
fraction was sharply declined initsactivity from
26.3%109.2% (Table1 and Fig. 3).

LDH activity of thecervical tissue of Grade-
patients showed similar number of LDH
isoenzyme fractions like the normal. The
percentage activity of LDH, isoenzymefractions
showed an increase from 80.1% to 90. 7%, where

Percantiges of Lol dty

LOH1 LOHzZ

as the percentage activity of LDH, fraction was
decreased from 27.8%1t0 18.5% (Table2 andFig.
4.

3.3. Serum and Cervical TissueL DH Activity
in Gradel| Patients

In Grade Il patients, two new additional
isoenzymefractionsin LDH, and LDH, locations
with 60.2% and 52.6% were observed in the serum.
The activity of LDH, and LDH_ significantly
increased from 38.7%10 83. 5%, 14.5% 10 80.1%.
The percentage activity of LDH, was increased
from 23.05%t0 30.3% (Table 1 and Fig.3).

LOHZ LOH4  LOHS

EMommal WSrade-l @WGrade-ll & Grade-lll @& Additional Fradion

Fig. 3. LDH isoenzyme activity (percentage of total) in sera of normal woman and patients suffering
from cancer cervix (Grade-l, Grade-1l1 and Grade-111)
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Fig. 4. LDH isoenzyme activity (percentage of total) in cervix tissues of normal woman and patients
suffering from cancer cervix (Grade-1, Grade-Il1 and Grade-I11)
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Similar to serum, cervicd tissue LDH activity
also showed two new fractions near LDH, and
LDH, locations. Thenew LDH fractions showed
hlghest activities 70.5% and 90.7%, where asthe
activity of LDH,,LDH,, LDH_and LDH, fractions
wereshowed amarkecﬁ ncreasebut L DH fraction
showed sharply declined itsactivity from 90.7%
t0 32.5% (Table2 and Fig. 4).

3.4. Serum and Cervical TissueL DH Activity
inGradelll Patients

The serum of Grade |l patients showed only
three LDH isoenzyme fractions and disappear-
anceof LDH, and L DH_ isoenzymefractions (Fig.
1 and 2). The act|V|ty of LDH, and LDH,
isoenzyme fractions declined from 26.9% to
18.7% and 43.7%t0 24.4% respectively, where as
the LDH, fractionincreased from 30.3%10 55.8%
(Tableland Fig. 3).

Similarly, only three LDH isoenzymefractions
were observed in cervix tissue of Grade-Ill
patients. Thefast moving LDH, and slow moving
LDH, isoenzymefractionsare d|sappeared The
percentage activity of LDH,, LDH, and LDH,
fractions decreased from 65.6%to 63, 5%, 72. 8%
t044.3% and 52.6% to 35.9% respectively (Table
2andFig. 4).

3.5.Serum and Cervical TissueTotal L DH
Activity (QuantitativeAnalyss)

Thetotal activity of LDH isoenzymesin both
serum and cervica tissue of normal individuas
were0.458+0.796 units/ml and 0.680+0.0218 units
/ mg respectively. Thetotal LDH activity of Grade-
| Patients were 0.384+0.0404 4 unitsml and
0.589+0.0292 units/mg (Table 3 and 4). The
percentage changes in both serum and cervical
tissueswere-16.29 % and -13.86 % respectively
and this value was changed from normal
individual (Fig. 5and 6).

The activity of Grade-11 patients showed
higher level of total LDH in both serum and
cervical tissue from 0.458+0.0796 unitsml to
0.8780+.0531 units/ml and from 0.680+0.0218
units/mg to 1.296+0.0813 units/mg respectively.
Grade-111 patients showed significant reduction
of total LDH activity in serum and cervical tissue
from 0.458+0.0796 units'ml t0 0.284+0.0109 units/
ml and 0.680+0.0218 units/mg to 0.327+0.043
units/mg respectively (Table 3 and 4). The
percentage of changesin both serum and cervical
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tissue of Grade-111 patients were -37.98 % and -
51.83 % respectively (Fig. 5and 6).

Table 3: Total LDH activity (unit/ml) in sera of
normal woman and patients suffering from cancer
cervix (Grade-lI, Grade-11 and Grade-111)

Well differentiated

Normal Woman Percentage of

squamous cell Change
carcinoma Grade-|
0.458+0.0796 0.384+0.0404 -16.29”

Normal Woman Moderately Percentage of
differentiated Change
squamous cell

carcinoma Grade-I1
0.458+0.0796 0.878+0.0531 +91.37""

Normal Woman Poorly differentiated Percentage of

squamous cell Change
carcinoma Grade-11
0.458+0.0796 0.284+0.0109 -37.98"

Table 4: Total LDH activity (unit/mg tissue) in
cervix tissues of normal woman and patients
suffering from cancer cervix (Grade-l, Grade-11|
and Grade-111)

Normal Woman Wl differentiated  Percentage of

squamous cell Change
carcinoma Grade-|
0.680+0.0218 0.589+0.0292 -13.86"

Normal Woman Moderately Percentage of
differentiated Change
squamous cell

carcinoma Grade-I1
0.680+0.0218 1.296+0.0813 +90.58""

Normal Woman Poorly differentiated Percentage of

squamous cell Change
carcinoma Grade-11
0.680+0.0218 0.327+0.043 -51.83™

MeantStandard error

* p<0.05
o p<0.01
*ok p<0.001
4. DISCUSSION

The study revealed adecreasein LDH inthe
serum of Grade | cervical cancer patients
indicating the onset of malignancy (Goldman et
al. 1960). These variations of serum LDH
isoenzymes are being used as markers. The
electrophoretic mobility of all the fractions of
cervix tissue showed a significant increase
suggesting the impact of malignant cancer on
LDH fractions. (Wright et al. 1966).
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Fig. 5. Total LDH activity (unit/ml) in sera of normal woman and patients suffering from cancer cervix
(Grade-1, Grade-Il and Grade-I11)
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Fig. 6. Total LDH activity (unit/mg tissue) in cervix tissues of normal woman and patients suffering from

cancer cervix (Grade-1, Grade-lIl and Grade-I11)

Appearance of two additional new fractions
were observed in the serum and cervical tissues
of Grade-l| patients. It isinferred that theintensity
of cervix cancer increased with increased LDH
pattern of serum and cervical tissues. Scoetens
et al. (1964) found that two additional LDH
isoenzymesin braintumor. Klimoveet a. (1989)
observed seven LDH isoenzyme fractions in
uterus cancer patients. Presence of multi
isoenzymeformsof LDH anditsvariationsinbrain
tumor enhanced the potentialities in neoplastic
processes. The occurrence of addi-tional LDH
fractions in cervix cancer patients may be the
result of malignancy (Cori and Cori 1925). Increase

in total serum and cervical tissue LDH activity
was mainly due to genomic changes during
malignant transformation. Main reason for
increased LDH bands was mainly due to
increased mitotic index and tumor cells also
produce more amount of lactic acid. Increase of
LDH level was mainly dueto the break down of
glycoproteininto lactic acid formation.

Reports of Grade-111 showed an appearance
of only three LDH fractions and disappearance
of two LDH fractions (Pandit et al. 1990).
Bhatnagar et al. (1983) reported that LDH, and
LDH, areinhibited by the factors arising out of
cervical cancer in patients suffering from breast
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and cervical cancer. It issuggested that advance
stage of cervical cancer hastremendousinfluence
inpreventing LDH activity both qualitatively and
quantitatively. Thismay lead to decreased lactate
to pyruvate conversion resulting in anomaly in
the regeneration of NAD* which may interfere
with glycolysispart of carbohydrate metabolism.
L DH isoenzymedeterminationin carcinomacervix
isan important prognostic parameter (Kumar et
al. 1988). LDH activity in vaginal secretionisa
diagnostic criterion which detects cancer
(Horbach et al. 1984). Augoff and Grabowski
(2004) were found out LDH isoenzyme and its
clinical significance are very much useful in
diagnosis and prognosis of neoplastic diseases.
Niklasson et al. (1981) were reported that the
L actate dehydrogenase (L D) enzymetechniques
proved to be more accurate than cytology with
approximately the same number of false positives.

5. CONCLUSION

Thevariation in electrophoretic mobility and
changes in the total LDH activity in cervical
carcinoma patients were found in serum and
cervical tissue samples. The appearance of two
new additional fractionsin Grade-11 patientsand
disappearance of two fractions in the Grade-I11
patients suggest that Lactate dehydrogenase
(LDH) isoenzyme is one of the important
biochemical tumor marker in cervical carcinoma
patients for diagnosis and to assess the grade of
malignancy.
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