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Introduction:
Appendicitis, an acute infl ammation of the ap-
pendix is a very common gastrointestinal dis-
ease needing immediate surgical intervention.1 
Appendicitis has a lifetime risk of approximately 
8.6% in males and 6.7% in females respectively, 
and when neglected progress from a simple in-
fl ammatory condition to abscess, ileus, peritoni-
tis, and may also result in the death of the pa-
tient.2 Reports indicate that early diagnosis and 
treatment has minimal risk of mortality, while 
when neglected and undiagnosed increases 
the risk of death, especially when perforation 
has ensued.1 Th e diagnosis of acute appendici-
tis is predominantly based on clinical fi ndings 
and the Alvarado scoring system developed by 
Alvarado in 1986 for the diagnosis of acute ap-

pendicitis in emergency situation is globally the 
most reliable and followed scale. Th e Alvarado 
scoring system is easy to apply because it relies 
purely on clinical history, examination and a few 
simple laboratory tests (Table 1).3

Th e cause of acute appendicitis is unknown but 
is best suggested to be a multifactorial luminal 
obstruction and, aspects like dietary and familial 
factors have all been suggested to play cardinal 
role in the underlying pathogenesis.4,5 Reports 
also suggest that generation of free radicals and 
triggering of infl ammatory reactions are impli-
cated in the etiopathogenesis of many clinical 
conditions and this also extends to acute appen-
dicitis.4,5 Previous studies have shown that pa-
tients with acute appendicitis had low levels of 

Abstract:
Objective: Th e present study was conducted to investigate the levels of antioxidant glutathi-
one (GSH), lactate dehydrogenase (LDH) and lipid peroxidation (LPx) in plasma of patients 
with acute appendicitis.
Material and Methods: Blood samples were obtained (n = 34) from people requiring appen-
dectomy (n = 30) and people with normal appendix but requiring gastrointestinal surgery for 
some other GI diseases and willing for complementary appendectomy (n = 4). Th e levels of 
GSH, LPx and LDH were evaluated and statistically compared. Additionally, statistical analy-
sis to observe for correlation between these parameters with histological grading and Alvarado 
scores were also performed. 
Results: Th e levels of LPx and LDH were higher and GSH was lower in plasma. Negative cor-
relation for GSH and positive correlation for LPx was observed. With respect to LDH positive 
for plasma was observed with both histopathological and clinical grading. Multiple Regression 
analysis for the biochemical endpoint in plasma levels showed these parameters to contribute 
90.3 and 39.3 respectively towards the histopathological and clinical grading. 
Conclusions: Th e results from this study indicate that GSH, LPx and LDH may be useful sur-
rogate markers for evaluating the progression, stage and complexity of acute appendicitis.
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antioxidants and a concomitant increase in the 
levels of oxidative stress and lipid peroxidation 
in the blood, thereby substantiating the hypoth-
esis that free radical generation and the resulting 
stress does indeed have a role to play in the un-
derlying pathogenesis.4,5,6,7 In this study we as-
sessed the levels of the cellular antioxidant glu-
tathione (GSH), levels of lipid peroxide (LPx) 
and lactate dehydrogenase (LDH) the impor-
tant markers of oxidative stress and cell death, 
respectively in the plasma and excised tissue of 
patients with acute appendicitis. Additionally, 
we also correlated these biochemical parameters 
with both histopathological and clinical grading 
(Alvarado score), to assess for a possible corre-
late if any.

Materials and Methods:
Th e present study was a collaborative endeavour 
of the Department of Surgery and Department 
of Biochemistry of the Father Muller Medi-
cal College, Mangalore, Karnataka, India. Th e 
study was performed aft er the approval of the 
institutional Ethical Committ ee. Th e inclusion 
criteria included patients with typical features 
of acute appendicitis (in accordance to the Al-
varado score) and admitt ed for appendectomy 
and people with normal appendix but requiring 
gastrointestinal surgery for some other GI dis-
eases and willing for complementary appendec-
tomy. Additionally, for the baseline cohort for 
the blood assays, healthy normal volunteers who 
were non diabetic and not on any medication 
for common illness (malaria, bacterial infection, 
viral fever) and those who were on vitamins or 
anti-infl ammatory drugs in the past one month 
were excluded. In these healthy volunteers only 
blood samples were collected. A writt en consent 
for the study was taken from all adult volunteers 
and patients, while it was taken from one of the 
parent of children and adolescents below the age 
of 18.

Th e clinical scoring was carried out according 
to the Alvarado scoring system in the patients 
suspected to have acute appendicitis.3 For corre-
lation purpose, we used the mean score derived 
from adding the individual scores and dividing it 
by 10. Th e blood samples were collected preop-

eratively from the appendicitis patients together 
with routine haematological and biochemical 
tests, while the appendix was collected aft er the 
surgical process. Th e harvested tissue was fi xed 
in 10% buff ered formalin for histopathological 
studies by the standard H&E staining. A pathol-
ogist unaware of the clinical diagnosis examined 
the specimens and categorized them as either 
acute focal, acute suppurative, acute gangrenous 
and perforated appendix.8

Th e blood samples were collected taking aseptic 
precautions from both patients and volunteers, 
and centrifuged at 5,000 g in cold. Th e plasma 
was separated and stored in prelabelled tubes 
in deep freezer (-70°C). Th e samples were anal-
ysed by investigators who were not aware of the 
clinical condition. On the day of the analysis, 
the samples were thawed and used for various 
assays. All the biochemical assays were done 
in UV-visible spectrophotometer of Shimadzu. 
Th e levels of GSH, LPx and LDH were estimat-
ed in plasma.

Estimation of LPx: 
MDA, the sensitive and convenient marker of 
lipid peroxidation, was assayed as thiobarbitu-
ric acid-reactive substances (TBARS), by the 
method of Ohkawa et al., (1979).9 MDA reacts 
with thiobarbituric acid at 100 C in acidic medi-
um to form pink coloured complex. Th e colour 
intensity of MDA-TBA complex is measured at 
535 nm. To 0.75 mL of plasma homogenate, 3 
mL of MDA reagent (75 mg thiobarbituric acid 
+ 15 gm trichloroacetic acid, in 2.08 mL of 0.2N 
HCl, made up to 100 mL with distilled water) 
was added, mixed and kept in boiling water bath 
for 20 minutes. Th en cooled under tap water, 
centrifuged at 3000 rpm for 10 minutes, and 
absorbance was measured at 535 nm against 
reagent blank. Th e level of MDA was calculated 
using the molar extinction coeffi  cient of MDA-
thiobarbituric acid complex. Plasma MDA level 
expressed in nanomoles/L. MDA standard (1, 
1, 3, 3-Tetramethoxypropane) procured from 
Sigma-Aldrich was used for standardising the 
assay and the standard curve was plott ed using 
various concentration.
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Estimation of GSH: 
Th e GSH levels were estimated by the method 
described by the Method of Beutler et al.10 
GSH reduces 5, 5/ dithio, bis-nitrobenzoic acid 
(DTNB) to yellow colure 5-thionitrobenzoic 
acid (TNB). Absorbance measured at 412 nm 
is directly proportional to the concentration of 
GSH. Plasma homogenate was deproteinized 
with 2% metaphosphoric acid, and an aliquot 
of the supernatant was treated with DTNB and 
0.3 M Disodium phosphate solution. Th e yel-
low colour obtained was measured at 412 nm 
against the reagent blank. GSH standards rang-
ing in concentration from 25 to 100 mg/dl were 
run simultaneously, and the GSH level was cal-
culated from the standard curve. Th e plasma 
GSH was expressed in terms of micromoles/L.

Estimation of LDH: 
Th e assay for LDH was performed by the ki-
netic spectrophotometric method described 
by Demetriou et al.11 Th e reagent kit obtained 
from Roche diagnostics was used. Th e assay was 
based on LDH-catalyzed reduction of pyruvate 
with NADH to form NAD+. Th e rate of oxida-
tion of NADH to NAD+ was measured as a de-
crease in absorbance at 340 nm. Plasma LDH 
was expressed in terms of Units/L. Internal and 
External quality control programme of Biorad 
was used to ensure accuracy and precision of 
plasma LDH values. 

Statistical analysis: 
Th e values were expressed as mean with stan-
dard deviation. Signifi cance of the diff erence 
of the values between the groups was evaluated 
by Analysis of Variance (ANOVA), Bonferroni 
multiple comparison and correlation between 
the levels in blood and tissue was analyzed by 
Karl Pearson’s Correlation Analysis.

Results:
Th e study population consisted of 19 fe-
males and 14 males with appendicitis, whose 
age ranged from 12 to 48 years (mean age of 
24.93±8.5). Th e appendicitis cases were classi-
fi ed as per the histopathological features and the 
details are mentioned in table 2. Th e values of 
LDH, GSH and LPx in appendicitis subjects are 

presented in table 3 and fi gure 1. Th e ANOVA 
test showed signifi cant diff erences between the 
diff erent grades of appendicitis with respect to 
plasma levels of LPx, GSH and LDH (P values 
0.001). (Figure 1, Table 3).

With respect to correlation between the levels 
of GSH, LPx and LDH of plasma with the his-
topathological grading, the results showed that 
a negative association of r = -0.846 for GSH in 
plasma; a positive association of r = 0.93 for the 
LPx; and positive correlation of r = 0.939 for 
plasma levels of LDH was observed (Figure 2). 
Correlation of GSH, LPx and LDH of plasma 
with the Alvarado grading showed a negative 
association of r = -0.566 for GSH in plasma; a 
positive association of r = 0.608 for the LPx; and 
positive correlation of r = 0.593 for plasma levels 
of LDH (Figure 3).

Multiple regression analysis for GSH, LPx and 
LDH of blood with histopathological grading, 
the results showed GSH to have a negative (��= 
-0.198, p = 0.009), while LPx (� = 0.335, p ≥ 
0.029) and LDH (� = 0.45, p ≥ 0.006) showed 
a positive correlation (Table 5). With respect to 
the analysis of the biochemical endpoints of the 
plasma with clinical grading the correlation was 
again insignifi cant (R2 = 0.39) and contributed 
only 39.3% (Table 3).

Table1:Alvarado grading (Alvarado, 1986)

Symptoms Score
Migratory right iliac fossa pain 1

Nausea /Vomiting 1

Anorexia 1

Signs
Tenderness in right iliac fossa 2

Rebound tenderness in right iliac fossa 1

Elevated temperature 1

Laboratory Findings
Lecucocytosis 2

Shift  to the left  of neutrophils 1

Total 10

Table 2: Histo-pathological grading

Grade 1: Acute focal ap-
pendicitis

Grossly the serosa appears dull, granular and red mem-
branous. Microscopically scanty neutrophilic exudate is 
found throughout the mucosa, sub mucosa, and muscula-
ris propria. Subserosal vessels are congested.

Grade 2: Acute suppurative 
appendicitis

Prominent neutrophilic exudates generate a fi bro purulent 
reaction over the serosa. As the infl ammatory process 
worsens, there is abscess formation within the wall, along 
with ulcerations and foci of suppurative necrosis in the 
mucosa.
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Fig. 1: Levels of various biochemical
parameters in the serum

Fig. 2: Graphs shows correlation between
various biochemical parameters with
histopahtological grading

Fig.3 graphs shows correlation between various 
biochemical parameters

Discussion:
Oxidative stress, which refers to a condition of 
imbalance in oxidant-antioxidant balance due 
to increased generation of free radicals and im-
paired functioning of antioxidants, is implicat-
ed in the etiopathogenesis of many clinical con-
ditions.2,13 In the current study it was observed 
that the levels of the cell’s principal antioxidant 
the GSH was signifi cantly decreased and that 
of the LPx, a marker of oxidative marker was 
signifi cantly increased in plasma and correlat-

ed well with the clinical and histopathological 
grades of severity.12,13 Th ese observations are in 
agreement to earlier reports where reports do 
indicatethat antioxidant capacity and total thi-
ols were decreased in the blood of people with 
acute appendicitis and also that a increase in in-
dicators of stress like nitric oxide, TBARS and 
C - reactive protein were increased in the blood 
of patients with acute appendicitis.4,5,6

GSH is very important nucleophilic molecule 
and scavenges the reactive species of both oxy-
gen and nitrogen (ROS/RNS).13 It is also a co-
substrate for the antioxidant enzyme GSHPx 
and for the GST mediated phase II detoxifi ca-
tion reactions.13 Additionally, depletion of GSH 
initiates lipid peroxidation which then progres-
sively leads to severe cellular damage and cell 
death.12

Th e estimation of LDH is a routine procedure 
to assess the cell health and turn over. LDH is a 
ubiquitous enzyme and its levels are increased 
in the plasma in various infl ammatory diseas-
es, disease of the heart, liver, skeletal muscle, 

blood, kidneys, and lungs.14 In our study it was 

Table 2: Histo-pathological grading

Grade 1: Acute focal ap-
pendicitis

Grossly the serosa appears dull, granular and red mem-
branous. Microscopically scanty neutrophilic exudate is 
found throughout the mucosa, sub mucosa, and muscula-
ris propria. Subserosal vessels are congested.

Grade 2: Acute suppurative 
appendicitis

Prominent neutrophilic exudates generate a fi bro purulent 
reaction over the serosa. As the infl ammatory process 
worsens, there is abscess formation within the wall, along 
with ulcerations and foci of suppurative necrosis in the 
mucosa.

Grade 3: Acute gangre-
nous appendicitis

Large areas of hemorrhagic green ulceration of the 
mucosa and green black gangrenous necrosis through 
the wall, extending to the serosa.

Grade 4:
Perforated appendix

Ulcerated mucosa with transmural infl ammatory in-
fi ltrate, perforated site shows area of hemorrhage with 
pus within lumen comes out through perforated site.

Table 3: Results of the regression analysis for the correlation of GSH, LPx and LDH levels in the 
plasma with the histopathological and clinical grading (Alvarado grading)

Plasma Param-
eters

Unstandardized
coeffi  cient

Standard-
ized coef-
fi cient (�)

t
Sig-
nifi -
cance

B Std. error

Histo-
patho-
logical

GSH -0.005 0.002 -0.198 -2.71 0.009 
R 
value = 
0.95

LPx 0.0001 0.0001 0.335 2.238 0.029

LDH 0.03 0.001 0.451 2.862 0.006

Constant 0.90 0.463 - 0.193 0.847

Clinical
Al-
varado 
grading

GSH 0.0001 0.004 -0.04 -0.120 0.905
R 
value = 
0.627

LPx 0.0001 0.0001 0.356 1.156 0.256

LDH 0.001 0.001 0.261 0.834 0.411

Constant -0.267 0.950 - -0.282 0.780
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also observed that the levels of plasma LDH 
were elevated. Th ese divergent observations 
suggest that the enhanced cell damage and in-
creased membrane permeability caused leakage 
of cellular enzyme to the plasma. 

In our study, we found that the antioxidant en-
zymes like LDH, LPx levels increased with ad-
vanced stages of appendix while GSH decreased 
which is in agreement with the studies conduct-
ed by Satomi et al 1996 and Koltuksuz U et al 
2000 and in contrary to the results obtained by 
Ozdogan et al (2006) where plasma total anti-
oxidant activity was used instead of enzymes 
and found negative co-relation with the pro-
gression of disease.7,15,16 Th ese fi ndings suggest 
that anti-oxidant enzyme level increases as the 
disease progresses may have a role in anti-oxi-
dant defense capacity of an organism and anti-
oxidant enzymes can be an indicator for disease 
progression and sepsis as observed by Vega and 
coworkers (2002).17

Th e results indicated that a correlation was seen 
between the three biochemical parameters and 
the clinical and histopathological observations. 
Th ese observations suggest that estimating the 
levels of LDH, LPx and GSH in plasma could 
possibly be used as additional biomarkers to the 
clinical examination. Th e observation of chang-
es in the levels of GSH with that of LPx and 
LDH indicate that the status of GSH in the cell 
is of importance and that its reduction increas-
es lipid peroxidation and release of LDH. Th e 
limitation of the study was the small sample size. 
Future studies with larger sample size involv-
ing assessment of biochemical parameters with 
correlation to histopathological and clinical ex-
amination need to be done to establish oxidative  
stress indicators as markers of appendicitis, and 
to establish cut-off  values of these parameters 
which are clinically critical.

Confl ict of Interest: None

References:
1. Humes DJ, Simpson J. Acute appendicitis. BMJ. 2006 ; 

333(7567):530-4.
2. D’Souza Ba MBBS MRCS Eng N. Appendicitis. Clin Evid 

(Online). 2011; 2011. doi:pii: 0408.
3. Alvarado A. A practical score for early diagnosis of acute ap-

pendicitis. Ann Emerg Med 1986; 15:557-65.
4. Kavakli HS, Erel O, Becel S. Oxidative stress in diagnosis of 

acute appendicitis patients. Scientifi c Research and Essays 
Vol. 6(8), pp. 1766-1770.

5. Yilmaz FM, Yilmaz G, Erol MF, Koklu S, Yucel D. Nitric 
oxide, lipid peroxidation and total thiol levels in acute ap-
pendicitis. J Clin Lab Anal 2010; 24: 63-66.

6. Kaya M, Boleken ME, Kanmaz T, Erel O, Yucesan S. Total 
antioxidant capacity in children with acute appendicitis. Eur 
J Pediatr Surg. 2006; 16:34-8.

7. Ozdogan M, Devay AO, Gurer A, Ersoy E, Devay SD, Ku-
lacoglu H, Gundogdu H. Plasma total anti-oxidant capacity 
correlates inversely with the extent of acute appendicitis: a 
case control study. World J Emerg Surg. 2006;1:6.

8. Benjamin IS, Patel AG. Managing acute appendicitis; BMJ 
2002; 325:505-506.

9. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in 
animal tissues by thiobarbituric acid reaction. Anal Biochem 
1979;95:351-8.

10. Beutler E, Duron O, Kelly BM. Improved method for the 
determination of blood glutathione. J Lab Clin Med 1963; 
61: 882-888.

11. Demetriou JA, Drewes PA, Gin JB. Enzymes. In: Henry RJ, 
Cannon DC, Winkelman JW, editors, Clinical Chemistry 
: Principles and Techniques, 1974; Haper and Row : New 
York.

12. Comporti M. Glutathione depleting agents and lipid peroxi-
dation.Chem Phys Lipids.1987;45(2-4):143-69.

13. Franco R, Cidlowski JA. Glutathione effl  ux and cell death. 
Antioxid Redox Signal.2012; 17:1694-713.

14. van Krugten M, Cobben NA, Lamers RJ, van Dieijen-Viss-
er MP, Wagenaar SS, Wouters EF, Drent M. Serum LDH: 
a marker of disease activity and its response to therapy in 
idiopathic pulmonary fi brosis. Neth J Med. 1996; 48:220-3.

15. Satomi A, Hashimoto T, Murakami S, Murai H, Kawase H, 
Takahashi S, Morita T, Matsuki M, Sonoda M: Tissue super-
oxide dismutase (SOD) activity and immunohistochemical 
staining in acute appendicitis: correlation with degree of in-
fl ammation. J Gastroenterol 1996, 31:639-645.

16. Koltuksuz U, Uz E, Ozen S, Aydinc M, Karaman A, Akyol O: 
Plasma superoxide dismutase activity and malondialdehyde 
level correlate with the extent of acute appendicitis. Pediatr 
Surg Int 2000, 16:559-561.

17. Alonso de Vega JM, Diaz J, Serrano E, Carbonell LF: Oxida-
tive stress in critically ill patients with systemic infl ammato-
ry response syndrome. Crit Care Med 2002, 30:1782-1786.


