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Introduction:-

Curcumin is a polyphenol herbal remedy obtained from the rhizome of dietary spice turmeric, commonly used as a
yellow coloring and flavoring agent in food. It is biologically active, non — toxic chemical that has been used as a
protective and therapeutic agent since ancient times in treatment of various aliments viz. wound healing, bruises,
insect bites, jaundice, diabetic wounds, asthma, fever, cold, cough, blood purifier, in skin disease and hepatic
disorders etc. (Soni and Kuttan 1992; Venkatesanet al.1997; Asai and Miyazawa 2001; Shahedet al. 2001 and
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Phanet al. 2001; Zhang et al.2013).1t has been reported to exert diverse antioxidant, anti-inflammatory and anti-
cancer properties (Aggarwal and shishodia 2006; Sharma et al. 2005; Singh and Khar 2006). Various reports are
present related to its pharmacokinetics actions (Pandey et al. 2010; Singh et al. 2007; 2010(4); 2011; 2012;
Naksuriya et al 2014). In the contemporary scenario increasing environmental pollutants are causing severe threats
to human lives. Cadmium, being one such omnipresent environmental pollutant, a known carcinogen, mutagen and a
clastogen, plays no beneficial role in human biological system (ATSDR 2012; Xu et al. 2015). In mammal 30% to
60% of cadmium is absorbed by lungs and 1% to 10% through contaminated food and water by small intestine
(Nordberg and Kjellstrém1979). Its multifaceted toxicity leads to oxidative imbalance, resulting in stress, induction
of cell proliferation, attainment of apoptosis resistance, resulting in malignancy (Hess et al. 1958; ATSDR 2012).
Since cigratte smoking induced cadmium toxicity has been shown to result in acute inflammation of lungs and
resultant physiological malfunction, not much information has been generated showing the injurious effects of orally
ingested cadmium on pulmonary toxicity and protection rendered by curcumin against such toxicity. Hence in the
present research work an effort has been made to show the beneficial potential of curcumin against toxicity rendered
by orally ingested cadmium.

Materials and methods:-

Chemicals:-

Cadmium chloride (Molecular weight = 201.32) was obtained from Glaxo company (India). Curcumin was
purchased from Loba Chem. Pvt. Ltd. All the other chemicals and solvents used were of analytical grade.

Animals and treatment:-

The study was conducted on adult Swiss albino mice 32-50 days old and weighing around to 30-40g which were
maintained in plastic cages under controlled light conditions (12:12 light: dark cycle), relative humidity (50 + 5%)
and temperature(37 £ 2°C), fed with mice feed and given ad libitum access to water.

Experimental design:-

The experimental protocol constituted of threeexperimentalgroups each,consisting of six mice. The dose of cadmium
chloride was prepared fresh in distilled water and (0.2ml) was administered by gastric gavages route. Curcumin was
administered along with food pellets.

In the parallel control groups mice were administered only vehicle (distilled water).

Group experimental group 1- Mice were administered curcumin (10mg/animal/day).

Group experimental group 2- Mice were administered cadmium chloride at a dose of 50mg/kg/animal/day for a day.
Group experimental group 3 - Mice were administered curcumin (10mg/animal/day) for 15 days and on the 16th day
cadmium chloride (50mg/kg/animal/day) were administered.

24 hours after administration of last dose, the control and the experimental animals were sacrificed by cervical
dislocation and lungs were surgically removed.

Histological preparation:-

Surgically removed lungs were fixed in Bouins solution for 24 hours and subsequently processed for parafin wax
block preparation as per the technique of Drury and Wallington (1967). Sections, 5-7 [ in thickness were cut with a
rotary microtome subsequently deparaffinized in xylene. The deparaffinized sections were stained with
haematoxylin and eosin stains(H and E). Appropriate sections were observed under the microscope and
photographed.

Histochemical method:-
Lungs were fixed in chilled calcium formol (4°C) and kept in a refrigerator, for 18-20 h and were further processed
for localization of LDH as per the technique of Hess et al. (1958).

Biochemical estimation:-

A 10 % (w/v) homogenate of lungs was prepared in ice-cold phosphate buffer (pH 7.4) using a chilled glass-teflon
porter tissue grinder tube, and then centrifuged at 3000 rpm for 15 min. The supernatant was used for estimation of
LDH. LDH levels were estimated by using kits supplied by Span Diagnostics. Statistical Analysis: The values were
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represented as mean £SEM at n=6 experiments. The values were taken as significant at P < 0.05 ANOVA (analysis
of variance).

Results:-

Histopathological profile of lungs:-

The animals in control and curcumin treated groups lung, showed no signs of gross toxicity.Normal alveoli were
observed to be composed of single layer of epithelial cells and intermittent thin layered connective tissue and
capillaries lined with simple epithelium were distinctly  visible, (Fig.1-2)  Administration of cadmium
(50mg/kg/animal/day ) treated lungs showed altered histopathology with a profound deterioration in histopathology
of alveoli as, manifested by thickening of interalveolar septa, aggregation of lymphocyte infiltration, oedema
(Fig.3).In the experimental group animals, pretreated with curcumin (10mg/animal/day) histopathology of lungs
showed reduced damage as manifested by lack ofoedema, aggregation of lymphocyte was not evident and thin
interalveolar septas were similar to the control group (Fig.4).

A |
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Fig.1:- Fig.2:-

Fig.1:Photomicrograph showingT.S. of lung(stained with H and E) of control group administered only vehicle.
Alveoli (Av), alveolar space (As), interalveolar septa (1A) are visible.(10X)

Fig.2: Photomicrograph showing T.S.of lung (stained with H and E)of curcumin treated group mice. Alveoli (A),
alveolar space (As), interalveolar septa (IA) are seen similar to control group. (10X)

Fig.3: Photomicrograph showing T.S.of lung(stained with H and E)of CdCl, treated group mice. Thickening of
interalveolar septa (IA), aggregation of lymphocyte infiltration (IFc),oedema are visible. (10X)

Fig.4: Photomicrographshowing T.S.of lung(stained with H and E)curcumin pretreated group mice. Cadmium
treated acute deterioration was protected. (20X)

Histochemical profile of LDH in lungs(Table | and Fig5):-

The localization of lactate dehydrogenase enzyme (LDH) was different in the lung tissue components of control,
curcumin and cadmium treated groups. The bronchial epithelia, endothelia and interlobular areas of control group
animals showed strong LDH activity. Bronchial and vascular muscles and free alveolar walls showed moderate
enzyme activities. Light activity of enzyme was also seen in free alveolar macrophages of control group but in
curcumin treated groups it was negligible (Fig.5a).
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Cadmium chloride (50 mg/kg/ animal for a day) treated group showed differential LDH reaction in various lung
tissue as compared to control. Bronchial epithelia, endothelia and interlobular areas showed very strong enzymatic
activity and strong activity in bronchial and vascular muscles and free alveolar walls. Free alveolar macrophages
showed moderate activity in treated groups (Fig.5 b).

Curcumin pretreated group displayed light reactions of LDH activity in comparison to cadmium treated group.
Bronchial epithelia, alveolar walls and interlobular areas presented moderate and strong in endothelia region. The
enzyme was light in bronchial and vascular muscles and absent in free alveolar macrophages as shown in (Fig.5c).

Table I:- Protective effect of curcumin against cadmium chloride induced elevated LDH Activity.

Dose Bronchial Bronchial Alveolar Free alveolar | Endothelia Interlobular areas
epithelia and vascular | walls macrophages
muscles
Control +++ ++ ++ + +++ +++
Cur +++ ++ ++ - +++ ++
CdCl, ++++ +++ +++ ++ ++++ ++++
Cur+ CdCl, ++ + ++ - +++ ++

Histoenzymological index taken for enzymatic activity was as follows: + + + + (very strong) > + + + (strong) > + +
(moderate) > + (light) > - (no activity)

Fig.5:- Histochemical Localization of LDH Activity in Lungs of Swiss Albino M(;e.

(@) ) " ©

(@) T.S. of control group lung (10X); (b) T.S. of CdCl, treated group lung (10X); (¢) T.S. of Curcumin pretreated
group lung (10X)

Biochemical profile of LDH in lungs:-

The biochemical results of LDH activity in lungs are presented in Table 1l and Fig.6. The estimates of LDH activity
in lungs calculate according to the following formula: LDH (U/L) = (AAbs/min) x factor, & yapnapH = 6230 M*tem
1

LDH activity in cadmium treated group was significantly elevated than the activity in the control group lungs (p <
0.05). However an extremely significant decrease in LDH activity in pretreated with curcumin groups when
compared with cadmium treated groups and nearly equal to control group was observed (Fig.6, Table I1).

Tablell:- Quantitative Estimation of LDH (U/L) in Lungs of Swiss Albino Mice Administered Curcumin and
Cadmium Chloride.

S.No. Dose protocol LDH estimates (Mean = SEM )
1 Control 2854.5 + 1.817

2 Curcumin(10mg/animal/day) 2851.667 + 1.851

3 CdCl, 4364.333 + 1.833

4 Cur cumin + CdCl, 2844.333 + 1.621"
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Values are Means £ SEM of 6 animals for each group. Values bearing superscript are significantly different by
ANOVA at p< 0.05. *: when compared different groups with control group; **: when compared (cur+CdCly) with
cadmium chloride group.

Fig.6:- Quantitative Estimation of LDH (U/L) in Lungs of Swiss Albino Mice Administered Cadmium Chloride and

Curcumin.
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Discussion:-

It has been shown by numerous prior studies that cadmium causes pulmonary toxicity when the mode of exposure
was by inhalation route especially by cigratte smoking, resulting in various lung related diseases and disorder (Lag
et al. 2010). However the reports of cadmium ingested by oral route resulting in pulmonary distress are scarce and
in the present research an effort has been made to assess the damage caused by cadmium and protection rendered by
curcumin. In the present study the lungs of animals treated with cadmium (50mg/kg/animal/day) showed profound
deterioration in histopathology of alveoli as, manifested by thickening of interalveolar septa, aggregation of
lymphocyte infiltration, oedema etc.

A number of reports corroborate the results of the present study, where Damiano et al (1990) showed lung injury
induced by intratracheal instillation of cadmium chloride (400pg or 50pgmeach in 400ul of neutral saline). He
observed cadmium induced  morphological changes viz. the presence of inflammatory cells in the alveolar
interstitium, oedema and alveolar wall thickening.

It has been shown that cadmium content of cigarettes is much lower than that of food; however cadmium was found
to be absorbed much more effectively by the lung than the gut. Stinn et al. (2013) in his study investigated the
effects of cigarette mainstream smoke exposure to male mice (6/day, 5 days/week at 150 and 300mg total particulate
matter per cubic meter). He observed nodular hyperplasia of the alveolar epithelium, bronchioloalveolar adenoma
and adenocarcinoma. After 18 months of cigarette smoke inhalation there was formation of lung tumors.

Blum et al. (2014) demonstrated that short term inhalation exposure to cadmium oxide nano particles stimulated the
pathway associated with inflammation, cell injury, and tissue remodeling in the lungs as well as altered the immune
function.

Enzyme levels of LDH have been determined by Moss et al. in 1986 , in various tissues (in U-g-1 wet weight) and

were very high as compared to those in serum, liver 9,000; heart 25,000; kidney 15,000; skeletal muscle 9,000; lung
9,500. Thus it is indicated that tissue levels of LDH were about 500 fold higher than those normally found in serum,
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and leakage of the enzyme from even a small mass of damaged tissue could increase the observed serum level of
LDH to a significant extent. Thus elevated levels of LDH in tissue serves as an indicative of related tissue damage.

In a similar study, Drentet al. (1996), reported cytoplasmic cellular enzyme, LDH, to be present in the extracellular
space, having no further metabolic function in that space, was still of benefit because it served as indicators,
suggestive of disturbed cellular integrity induced by pathological conditions. LDH enzyme has been present
essentially in all major organ systems and its serum activity has been reported to be abnormal in a large number of
disorders. Extracellular appearance of LDH has been used to detect cell damage or cell death. Its release has been
found into the peripheral blood after cell death caused by, e.g. ischemia, excess heat or cold, starvation, dehydration,
injury, exposure to bacterial toxins, after ingestion of certain drugs, and from chemical poisonings. Measurement of
LDH and LDH isoenzymes in pleural fluid, and in bronchoalveolar lavage (BAL) fluid, has been reported to be
useful to determine lung tissue damage and pulmonary endothelial cell injury. If cell lysis occurred, or cell
membranes have damaged, cytoplasmic enzymes, such as LDH and glutathione reductase (GR), had released into
the extracellular space. Activity of LDH had been reported to be present in almost all cells of the body.

In the present study it was observed that in cadmium treated experimental group the quantitative estimates of LDH
appeared to be significantly elevated indicating pulmonary stress and damage. These observations are similar to the
observations of Gaultet al. (1967) who reported the elevated serum levels of (LDH), in 30 patients which were
diagnosed as primary and four with secondary neoplasms of the lung.

Henderson et al. (1979), found a predominantly interstitial reaction rather than an exudative one, with mononuclear
phagocytes and lymphocytes rather than polymorphonuclear leukocytes (PMNs) being the predominant
inflammatory cell types after inhalation of toxicant cadmium chloride inducing pulmonary injury in hamsters. Tissue
morphological changes correlated well with the biochemical changes. The elevated LDH tissue levels remained for
more than 3 weeks after exposure, suggesting some residual sub-acute inflammation. Airway enzymatic and
cytological responses were showed to be potentially useful as indicators of lung damage in toxicological screening,
as well as screening of lung injury of unknown origin.

In vitro studies done by Lott etal. 1987 demonstrated LDH leakage from type Il pneumocytes, pulmonary
endothelium and AMs following cellular damage caused by various stimuli. Injury to the basolateral aspect of
endothelial cells was supposed to release LDH into the alveolar interstitium, and thus a compromised alveolar
epithelial barrier allowed access of the enzyme into alveolar spaces. Mechanisms for increased levels of enzymes in
the lavage fluid were considered to reflect cell damage, increased production and release from cells, and impaired
catabolism. Thus, LDH might be released from injured cells of the lung into the pulmonary interstitium and alveoli,
or from damaged inflammatory cells that infiltrated the lung after treatment.

When homogenates of human pulmonary tissue were assayed for LDH, a particular and identifying isoenzyme
pattern was found. Analysis of lung washing as a probe to detect early responses of the lung has been used to access
LDH activity in the airways of rats to detect the effect of a toxicant in the lung. Moreover, in animal models, LDH
isoenzyme patterns have been used to differentiate between various types of pulmonary injury and have helped to
identify the sites of injury at a cellular level (Beck et al.1983).

Tzouvelekiset al. (2005) reported that in addition of the activity and release of a large body of inflammatory
mediators including tumor necrosis factor (TNF), antioxidant enzymes (glutathione), procollagen peptides (type 1)
and markers of cell damage such as lactate dehydrogenase (LDH) have been evaluated as prognostic and monitoring
tools of the disease development, activity and progression.

To fulfill the need of useful biomarkers to monitor hazardous coal exposure effects on lungs. Cobbenet al. (1997)
studied the role of LDH (a marker of cell damage) as marker of lung tissue injury. Authors conducted the first
human study describing a considerable elevation of this enzyme in a group of ex-coalminers and a further
association with other clinical variables. Additionally, the same group of investigators evaluated the role of b-
glucuronidase as marker of phagocytic activity and reported increased plasma concentrations in a group of coal-
miners after 20 years of exposure whereas no correlation with clinical parameters was observed. The latter data is in
line with the hypothesis that LDH and b-glucuronidase activity are conceivable markers of disease activity
(Cobbenet al. 1999; Tzouvelekiset al. 2005).
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In the present study pretreatment with curcumin to cadmium treated organisms displayed, the histoenzymological
reactions of LDH activity in comparison to cadmium treated group was declined. Bronchial epithelia, alveolar walls
and interlobular areas presented moderate and strong activity in endothelia region. The enzyme activity was light in
bronchial and vascular muscles and absent in free alveolar macrophages.

In the present experimental group animals, pretreated with curcumin (10mg/animal/day) histopathology of lungs
showed reduced damage as manifested by no oedema, aggregation of lymphocyte was not evident and thin
interalveolar septas were similar to the control group.

The study of Venkatesan (1999) assessed the toxicity of paraquat (PQ) and therapeutic efficacy of curcumin.He
observed the influx of inflammatory cells, releasing proteolytic enzymes and oxygen free radicals which destroyed
the lung epithelium and resulted in pulmonary fibrosis. This observation is similar to the results of the present study.
Curcumin was confirmed to be endowed with the therapeutic potency against paraquat lung injury. These findings
indicated that curcumin has important therapeutic implications which are also indicated in the present study.

Punithavathiet al. (2003) reported the potential of curcumin to prevent lung fibrosis induced by amiodarone in rats
where intratracheal instillation of amiodarone(6.25 mg/kg on days 0 and 2, and then killed on day 3, day 5, week 1,
week 3 and week 5 after amiodarone administration) induced increases in total protein and lactate dehydrogenase
(LDH) activity on days 3 and 5 in bronchoalveolar lavage fluid (BALF). Total cell counts, alveolar macrophages,
neutrophils and eosinophils recovered by BAL, and lung myeloperoxidase (MPO) activity were also found higher in
amiodarone treated rats than in controls. Curcumin (200 mg/kg body weight after first amiodarone instillation and
daily thereafter for 5 weeks)-treated amiodarone rats had reduced levels of protein, LDH activity, total cell numbers
and differential cell counts in BALF. Curcumin inhibited the increases in lung MPO activity and had proved
important implications for the treatment of amiodarone-induced lung fibrosis. These observations are also similar to
the findings of the present study where pretreatment with curcumin for fifteen days had considerable potency to
prevent cadmium induced pulmonary stress.

Venkatesanet al. (2007) reported the therapeutic healing potential of curcumin in acute and chronic lung injuries
induced by occupational and environmental exposures to mineral dusts, airborne pollutants, and cigarette smoke.

Conclusion:-

Present study distinctly demonstrates that a single oral dose of cadmium chloride can stimulate pathways in the
lungs associated with inflammation, cell injury, and interalveolar septal thickening leading to pulmonary stress
whereas pretreatment with curcumin prior to cadmium exposure has the potency to render protection against
deleterious pulmonary effects.
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