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INTRODUCTION

The information yielded by examination
of  Cerebrospina l  f lu id  (CSF)  i s  o f ten  of
cruc ia l  impor tance  in  the  d iagnos i s  o f
neurological disease (1). Various biochemical
markers  in  CSF inc luding  lac ta te
dehydrogenase (LDH) have been studied in
diverse  neurologica l  condi t ions  l ike
leptomeningeal carcinomatosis,  stroke and
different types of meningitis (2–4). Levels
of  amino ac ids  ser ine ,  g lu tamine  and
alanine have been found to be elevated in
CSF of  pat ients  with amyotrophic lateral
sclerosis (5). CSF concentration of glutamine
was also found to be elevated in patients
with chronic epilepsy (6).  This study was
under taken to  s tudy the  pat tern  o f  CSF
glutamine  and LDH in  pat ients  wi th
meningi t i s .

METHODS

P a t i e n t sP a t i e n t sP a t i e n t sP a t i e n t sP a t i e n t s

The study was conducted on 23 patients
admit ted  a t  Kasturba  Hospi ta l ,  Manipal ,
with history suggestive of meningitis.  The
normal healthy individuals used as controls
for CSF analysis were the cases other than
suspected  meningi t i s  or  encephal i t i s  in
whom CSF analysis was done as a workup
of their underlying condition; examples were
CSF obtained during spinal anesthesia (20
cases )  and CSF obta ined in  a  secondary
syphil is  (3 cases)  where CSF was normal
otherwise. The diagnosis of meningitis was
made on the basis of cl inical  evidence of
meningeal irritation, CSF protein, glucose
and pleocytosis .  Tubercular  and pyogenic
meningitis were included. The diagnosis of
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pyogenic meningitis was made on the basis
of  CSF leucocytic  pleocytosis  with >90%
neutrophils and CSF glucose less than 1/3
of  corresponding  b lood g lucose  wi th  or
without positive CSF culture or gram stain.
The  d iagnos i s  o f  tuberculous  meningi t i s
was made on the basis of CSF leucocytic
p leocytos i s  wi th  >80% lymphocytes  and
increased  CSF prote in  wi th  pos i t ive
polymerase chain reaction (PCR) or positive
cul ture  for  Mycobacter ium Tuberculos i s .
Lumbar  puncture  was  done in  each case
under local anaesthesia. CSF was analysed
for  ce l l s ,  prote in ,  sugar ,  g lu tamine  and
LDH. CSF cul ture ,  gram s ta in  and PCR
were done when indicated. Informed consent
was obtained in each case.

Lac ta te  dehydrogenaseLac ta te  dehydrogenaseLac ta te  dehydrogenaseLac ta te  dehydrogenaseLac ta te  dehydrogenase

The CSF LDH act iv i ty  was  measured
us ing  NADH consumpt ion (7 ) .  This  was
based on the property of pyruvate to reduce
lactate at pH 7.4 and temperature 37°C in
presence  o f  LDH. The  progress  o f  the
accompanying oxidation of NADH to NAD
is monitored continuously by measuring the
rate of absorbance decreased at 339 nm in
a spectrophotometer.

G l u t a m i n eG l u t a m i n eG l u t a m i n eG l u t a m i n eG l u t a m i n e

Glutamine  leve l  was  assayed
spect rophotometr ica l ly  (8 )  based  on the
pr inc ip le  that  g lu tamine  i s  conver ted  to
g lutamic  ac id  and ammonia  by  hot  ac id
hydrolys i s  fo l lowed by  determinat ion  of
ammonia  by  the  Ber the lor  phenol
hypochlor i te  react ion.  Stat is t ical  analys is
was done using Mann Whitney U test (non-
parametric  test ) .

RESULTS AND DISCUSSION

A total of 23 patients and equal number
of controls were included. Out of 23 patients
with meningit is ,  6  were pyogenic and 17
were tuberculous meningitis. Table I depicts
serum levels of glutamine and LDH in these
patients and controls.

TABLE I : Distributions of CSF Glutamine and LDH
of control and test groups were compared
by applying Mann-Whitney U tes t  (Non
parametric  test) .

Parameter Group Mean±SD Median Min. Max.

Glutamine Control 8.43±1.37 8 6 11
(mg/dl)

Test 70.86±53.49** 54 10 250

LDH (U/L) Control 17.56±4.45 17 9 20

Test 287.52±764.12** 78 10 3650

P<0.001**, n = 23

The values of both glutamine and LDH
are  increased  s igni f icant ly  (P<0.001)  in
pat ients  wi th  meningi t i s  (Table  I I ) .
Although CSF level of LDH was found to be
elevated in patients with meningitis in some
studies  (9) ,  g lutamine level  has  not  been
reported. In our study we found significant
difference between control  and meningit is
group wi th  respect  to  both  LDH and
glutamine.  Both can be explained on the
bas i s  o f  in f lammat ion and increased
permeabi l i ty  o f  b lood bra in  barr ie r .
Increased CSF level of amino acids including
glutamine has been reported in experimental
por ta l  sys temic  encephalopathy  (10) .
Estimation of glutamine in CSF of patients
with meningitis  being significantly raised,
may indicate severity of inflammation and
needs further study. Nand N, et al has found
significantly elevated levels of CSF LDH in
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TABLE II

Glutamine (mg/dl) LDH (U/L)

Mean Rank (Test Group) 34.85 34.04

Mean Rank (Control Group) 12.15 12.96

Mann-Whitney U 3.50 22

Z 5.75 5.33

Asymp. Sig. (2-tailed) .000 .000

Statistically significant difference in the distribution of
Glutamine and LDH was observed between the two
groups (P<0.001).

made due to small number of patients. LDH
and glutamine in CSF may not be useful in
differentiating viral  from other meningitis
but it may act as a corroborative evidence
of meningitis.
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all cases of meningitis (P<0.001). They also
reported higher  LDH act iv i ty  in  pat ients
who died (9). In our study, no mortality was
observed. No subgroup analysis with respect
to pyogenic and tubercular meningitis was
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