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Abstract

The purpose of this study was to explore the effects of LPS-gram negative bacteria and low ambient temperature on free radicals
(FR) production, the activities of lactate dehydrogenase (LDH) and glutathione peroxidase (GPx) in the lungs of rats, Rattus
norvigisu. Twenty four male rats, matched with age and weigh, were divided randomly into four groups namely control (C),
Bacteria (B), cold temperature (T), and bacteria plus cold (BT). The T group was exposed to 10-12° C ambient temperature
for 3 days. Animals of the BT was injected LPS bacteria (IP, 500 pg/kg) during the last five hour of cold exposure to 10-12° C
for 3 days. In comparison with C group FR increased significantly (p<0.05) in the experimental groups, indicating high rate of
reactive oxygen species (ROS) accumulation. The activity of LDH increased significantly (p<0.05) in the T and BT groups, which
demonstrated that bacteria and exposure to cold are causes for cellular injury in the lungs. The synergetic effect of both bacteria
and cold on LDH was more intense, as compared with the single effect. The activity of GPx increased significantly (p<0.05) in
the B and BT, as compared with the C group. The results of the present study is the first worldwide report to demonstrate that both

cold exposure and bacteria infection are mediated by elevation in FR generation.
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Introduction
The defense and metabolic functions of the lungs are
crucial during bacteria infection and exposure to cold
environmental temperature (Haining, et al., 2006).
Bacteria infection of epithelial cell affects pulmonary
circulation leading to formation of reactive protein,
proteins required for the expression of antioxidants
enzymes, and cellular pathological marker enzymes
such as lactate dehydrogenase-LDH (Gadek and Pacht,
1996; Afshin, et al., 1999). Lipid peroxidation products
from oxidative stress in alveolar macrophages play
an important role in mediating and regulating cold-
induced inflammatory response and hypoxia related
lung injury (Brower and Ware, 2001; Jankov et al.,
2003). In addition, frequent cold injury to alveolar
epithelium can disrupt the integrity of the alveolar
barrier transport physiological cellular and molecular
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mechanisms. Disrupting epithelial sodium channel and
chloride channel leads to lung fibrosis and reduction
of net alveolar fluid re-absorption leading to serious
respiratory distress related diseases such as pulmonary
oedema, acute lung injury (ALI), and acute respiratory
syndrome (ARDS).

Results of previous research from our laboratory
have shown that cold temperature below the animals’
preferred temperature resulted in accumulation of free
radicals production (Haffor and Al-Johany, 2005; Al-
Johany and Haffor, 2007). Anti-oxidants enzymes such
as glutathione peroxidase (GPx) can provide protection
against oxidative stress through mediation of the
metabolism of reactive products of lipid peroxidation in
the lungs. In addition, GPx is an important antioxidant
enzyme in the peroxidase system of cytchrom-C,
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Quinones and ascrobate that allow for the maintaining
H,0O, at or nearby normal level (Nohl and Jordan, 1986).
Lactate dehydrogenase (LDH) prevents cytotoxicity
(Haining et al., 2006). LDH regulates the byproducts
of mitochondrial oxidative or reductive stress conditions
via the maintenance of lactic acid at normal level by
converting it to pyruvate. It is not clear whether reactive
oxygen (ROS) species mediate early markers for lung
injury. The mechanisms via which E.coli gram-negative
bacteria (LPS) infections enhance ROS formation
during cold exposure, has not been established. The
purpose of this study was to examine the changes in FR
production, GPX and LDH activities after purified LPS
infection, during ambient cold exposure, in the lungs of
rats, Rattus rattus.

Materials and Methods

Experimental Design

Twenty four adult male rats, ratus rattus, matched with
age and body weight were assigned randomly to four
groups namely, control (C), bacteria infected (B), cold
exposure (T) and bacteria and cold (BT) groups. The B
group was injected intraperitoneal (IP) 500pg- LPS/ Kg,
BW Gram negative, Escherichia coli (Sigma, L-2880).
Five hours after injection, animals were sacrificed and
the lungs were isolated and homogenized immediately.
The T group was exposed to cold temperature (8-10
°C) for 3 days. Animals in the BT group were injected
Intraperitoneal (IP) 500pg- LPS/ Kg, BW Gram
negative, Escherichia coli (Sigma, L-2880) during the
last 5 hrs of the third day of cold exposure. The control
group was kept at the laboratory room temperature (24
—257C). All animals were fed with same diet and all
were kept under the same light conditions, 12 hr light
and 12 hr dark.

Free Radical Determination

Free radicals production was measured, using the d-
ROM test kits (Health & Diagnostic, Italy) according to
the manufacturer’s instructions. The test measures the
levels of hydroperoxides (R-OOH) which are generated
by peroxidation of biological compounds; lipid, amino
acids, nucleic acids. This test is based on the principle
of the ability of hydrogen peroxides to generate free
radicals after reacting with some transitional metals (Fe,*
/ Fe,*" ), according to Fenton’s Reaction as follows:

H,0, + Fe** ="OH + OH + Fe**

Thus, the hydrogen peroxides of biological sample
(whole blood) generate free radicals (alcoxy and peroxyl
radicals) after exposure to a transitional metal (F*/
Fe**". When a correctly buffered chromogen substance
(N, N-diethyl-phenylendiamine) lead to the reduction
of hydrogen peroxides which in turns colored as radical
cation. Color intensity was read using spectrophotometer
with peak absorbance of 505 nm. In the d-ROMs test
results were expressed in CARR units (CARR U). One
CARR U relates to 0.08 mg H,0,/ 100 ml.

LDH and GPx Determinations

The determination of LDH and GPX activities were
conducted using Randox protocol (Randox, England) as
described by Paglia and Valentine (1967).

Results
Baseline mean (+ SEM) free radicals was 189.00+23.59
and increased to 342+52.13, 281.00+28.28 and
333.17+81.83 CARR U in the bacteria (B), cold (T) and
bacteria +cold (BT) treated groups, respectively (Table
la). Baseline mean (+ SEM) LDH was 132.00+27.98
and increased significantly (p<0.05) to 216.44+71.19,
362.94+43.95 and 470.94+115.68 U/l in B, and BT
groups, respectively (Table 1b). Baseline mean (+ SEM)
GPx was 4042.64+945.05 and increased significantly
(0<.05) to 6165.12+880.46, 5242.58+656.16 and
5144.30+285.41 U/l in the B and BT groups, respectively
(Table 1c). There were commonality exist in the behavior
of the changes among groups in LDH and FR (r = 0.61)
(Fig 1). The result of F-test for variance homogeneity
was not significant (p>0.05), indicating that the three
groups are withdrawn from the same population and

Table 1a: Free radicals FR (Carr U) production in the lungs.

Animal Control Bacteria Cold Bac+Cold
1 180 309 251 410
2 208 377 278 324
3 200 348 334 367
4 216 316 265 296
5 152 275 276 408
6 178 420 282 194
Average 189.83 340.83 281.00 333.17
SD 23.58813 | 52.13604 | 28.28427 | 81.83011
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Table 1b: Lactate dehydrogenase LDH (U/l) activity in the
Lungs.

LDH and FRin the Lungs

Table 1c: Glutathion peroxidase Gpx (U/1) activity in the Lungs.

Animal Control Bacteria Cold Bac+Cold
1 3905.22 5571.01 6132.39 4788.32
2 4088.32 5476.48 4996.73 4922.93
3 2498.36 6289.14 4835.84 4993.93
4 5440.98 5962.16 5450.97 5347.69
5 4315.36 5829.77 4315.36 5283.76
6 399.61 7862.13 5724.17 5529.18
Average 4042.62 6165.12 5242.58 5144.30
SD 945.05 880.4622 | 656.1606 | 285.4073

hence it was appropriate to analyze among groups
mean difference using analysis of variance (ANOVA).
The results of One-way ANOVA showed that means of
FR, LDH and GPx changed significantly (P<0.05), as
compared with potential observation mean for all groups
(Table 2). Multiple comparisons, using Tukey-Krammer
procedure, revealed that the corresponding pair-wise
mean comparisons of B, TB and BC treated-groups were
significantly (p<0.05) higher as compared with the mean
of the control group (Table3a, b and c). However, the
highest increase in these parameters was found between
the C and BC means pair-wise comparison.

Discussion
Results of the present study indicated that cold exposure
resulted in an increased activity of LDH associated with
elevation in FR with substantial increase in GPx. The
findings of increased FR production and GPx activity
in the present study establish new physiological concept
that can explain the association of reactive oxygen
species (ROS) and responses to cold. The use of FR,
LDH and GPX parameters is an advantageous because
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Animal Control Bacteria Cold Bac+Cold 600.00
1 149.94 215.97 369.36 610.79 % 500.00
€ 400.00
2 139.21 140.32 42556 531.01 i e LDH
—~ 300.00
3 154.07 334.29 294.14 575.03 =S —®—FR
2 200.00
4 158.2 24211 | 33944 | 33566 5 10000
5 101.22 145.82 383.21 372.81 0.00 - ‘ ‘ ‘
6 94.25 220.1 363.38 400.32 Control Bacteria Cold Bact-Cold
Average | 13282 | 21644 | 36252 | 470.94 Group
SD 27.98513 | 71.19358 | 43.95032 115.688

Fig 1. The changes in FR and LDH among groups.

it represents new additional insight for lung injury
caused by frequent cold and bacteria infection. E. coli
Gram-negative (LPS) sepsis has been the most common
precise predicting conditions for acute lung injuries
(ALI) and related pulmonary diseases. It has been
shown LPS injection produces a well defined model of
acute respiratory syndrome (ARDS), pulmonary oedema
(PO), and acute lung injury (ALI), all of which are
life-threatening diseases conditions (Ashbaugh, 1967;
Khadaroo and Mrashall, 2002).

The elevated LDH signifies imbalance between
lactate and pyruvate mainly due to in inadequate oxygen
supply. Thus shortage in oxygen delivery can be a
potential mechanism of the animals’ responses to cold
environment. In addition exogenous hypoxia places
an oxidative stress during oxidation in the respiratory
chain located in the mitochondrial cristae as evident by
increasing FR production in the present study. It was
shown that the change is glycolytic and mitochondrial
enzymes affected LDH activity (Crockett and Sidell,
1990; Overmuchetal., 1994; Fields et al., 2002; Sommer
and Portner, 2002; Lanning et al., 2003). Furthermore,
Battersby and Moyes reported that both Citrate synthase
(CS) and cytocrom c oxidase (COX) activities increased
in parallel during coldacclimation in trout (Battersby and
Moyes, 1998). The authors concluded that the observed
increase was due to changes in mitochondrial volume and
concentrated cristae. As the origin of oxidative stress
and reductive stress is the mitochondrial respiratory
electron transport chain (Dawson et al., 1993; Barja,
1999; Davidson and Schiestl, 2001), it can be suggested
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Table 2: Analysis of variance (ANOVA) for FR, LDH, and GPx among groups

Source of Variation SS df MS E P-value

FR Between Groups | _87992.33 3| 20330.78 | *10.89277 | _ 0.000186
Within Groups | 53853.67 20 | 2692.683

LDH Between Groups | 407919.6 3| 1359732 | *25.69528 | 000000459
Within Groups | 105835.1 20 | 5291757

GPX Between Groups | 13591780 3| 4530503 | *831173 |  0.000871
Within Groups | 10901686 20 | 545084.3

* p<0.05

Table 3a, b, ¢: Tukey-Kramer multiple comparisons for FR, LDH and GPx among groups

) FR
Group 1 to Group 2 Comparison Group 2 to Group 3 Comparison
Absolute Difference 151.8333 Absolute Difference 59.83333
Means are different Means are not different
Group 1 to Group 3 Comparison Group 2 to Group 4 Comparison
Absolute Difference 92 Absolute Difference 7.666667
Means are different Means are not different
Group 1 to Group 4 Comparison Group 3 to Group 4 Comparison
Absolute Difference 144.1667 Absolute Difference 52.16667
Means are different Means are not different
b) L DH
Group 1 to Group 2 Comparison Group 2 to Group 3 Comparison
Absolute Difference 83.62 Absolute Difference 146.08
Means are not different Means are different
Group 1 to Group 3 Comparison Group 2 to Group 4 Comparison
Absolute Difference 229.7 Absolute Difference 2545017
Means are different Means are different
Group 1 to Group 4 Comparison Group 3 to Group 4 Comparison
Absolute Difference 338.1217 Absolute Difference 108.4217
Means are different Means are different
c) GPx
Group 1 to Group 2 Comparison Group 2 to Group 3 Comparison
Absolute Difference 2122.473 Absolute Difference 922.5383
Means are different Means are not different
Group 1 to Group 3 Comparison Group 2 to Group 4 Comparison
Absolute Difference 1199.935 Absolute Difference 1020.813
Means are different Means are not different
Group 1 to Group 4 Comparison Group 3 to Group 4 Comparison
Absolute Difference 1101.66 Absolute Difference 98.275
Means are different Means are not different
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that the alveolar epithelial cellular damages induced
by cold temperature loop is mediated by mitochondrial
stimulus for increased rate of reactive oxygen species
(ROS) formation and subsequently in FR production.
Therefore, the observed changesin the LDH activity in
the cytoplasm represent a progressive acclimatization to
cold secondary to changes in mitochondrial enzymes.
Previous work in which mitochondria pathological
changes such as swelling, hypertrophy, hyperplasia
and concentrated cristae caused increased in ROS
production (Haffor, 2004; Al-Johany and Haffor, 2005;
Haffor and Al-Johany, 2005; Alhazza and Haffor, 2007;
Haffor and Alhazza, 2007). Furthermore, the increased
LDH activity induced by cold is supported by studies
conducted on other species that showed during cold
acclimation, of Zoarcid ysh from North Sea showed
a significant increase of citrate synthase (CS) activity,
implying oxidative stress. Similar findings were also
reported (Danilenko et al., 1998; Lucassen et al., 2003).

During infection with Gram-negative bacteria there
is a sufficient time for enzymatic changes mainly induced
by both translational and posttranslational processes.
From molecular standpoint, oxidative damage to
nucleic acids includes adducts of base and sugar groups
(Calkins et al., 2001), single-and double-links to other
molecules (Humphries et al., 1988; Epe, 1996; Kehrer
and Lund, 1994). The findings that FR and LDH were
at their maximal potential during LPS bacteria and cold
exposure reflected that the thermoregulatory system
responses to LPS depends on the initial functional state
of the lungs which posse a multifactor that contributed
to ROS formation.

In conclusion, the negative impacts of Gram-negative
bacteria infection are aggravated during exposure to
ambient cold below the animals’ preferred temperature.
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