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Background: Millions of households in the world depend on wood and biomass for cooking and heating. 

This dependence leads to undesirable toxic effects, such as ocular and pulmonary toxicity. 

Objectives: The present study examined the potential oculoprotective and pulmonary protective activity 

of naringin (NRG), a naturally occurring flavonoid, against wood smoke (WS)-induced toxicity in a rat 

model. 

Methods: Forty-eight adult male albino rats were randomly distributed into six (n = 8) groups. All rats 

were fed, given water, and observed for 21 days, Group I (control) received only distilled water and no WS 

exposure, Group II was exposed to WS, Group III was exposed to WS and given 50 mg/kg/d α-tocopherol 

(vitamin E), Group IV was exposed to WS and given 80 mg/kg/day NRG, Group V was administered only 

80 mg/kg/d NRG only, and Group VI was administered only 50 mg/kg/d vitamin E. WS exposure was for 

20 min/d. The effect of NRG treatment on acetylcholinesterase activity, nitric oxide radical production, 

malondialdehyde level, and antioxidant enzymes (ie, superoxide dismustase and catalase) in WS-exposed 

rats was examined. 

Results: Subchronic (21 day) exposure to WS induced ocular and pulmonary toxicity manifested by 

the infiltration of parenchyma, atrophy, and inflammation of the cells, which was correlated with al- 

terations in antioxidant enzyme concentrations. Cell damage was associated with an increase in acetyl- 

cholinesterase activity and nitric oxide radical concentrations. The toxicity triggered by WS was modu- 

lated by the coadministration of NRG. 

Conclusion: These results suggest that NRG treatment may be useful to reduce WS-induced oxidative 

stress and related ocular and pulmonary damage in rats. ( Curr Ther Res Clin Exp . 2012; 73:XXX–XXX) 

© 2020 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

I

 

b  

e  

w  

t  

I  

M

s

q  

I  

a  

d  

b  

m

 

a  

h

0

(

ntroduction 

Wood is commonly utilized as a major fuel source for domestic

iomass combustion in developing countries. 1 Consumption of fu-

lwood is a traditional source of energy in more than half of the

orld’s population. By burning logs, twigs, and other wood ma-

erials, rural dwellers use fuelwood as a source of energy. 2 The

nternational Institute of Population Science reported that three-
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uarters (75%) of all households in Asian countries, particularly in

ndia, use unprocessed biomass as their primary fuel for cooking

nd that more than 90% of these homes use either wood or animal

ung as a source of fuel. 3 In Africa, daily consumption of firewood

y rural communities, especially in Nigeria, was estimated at 27.5

illion kilograms each day. 4 

Wood smoke (WS) is a complex mixture of numerous gases

nd ultrafine particles of varying diameter and inorganic/organic

omposition. 5 These particles are in the inhalable size range 6 and

re too small to be filtered out by the nose and upper respiratory

ystem. Hence, they accumulate in the lungs, causing structural

amage. Wood burning stoves emit significant amounts of toxic

ompounds, including particulate matter with diameters < 10μm
under the CC BY-NC-ND license. 
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dose of vitamin E at 50 mg/kg body weight for 21 days. 
PM 10 ), carbon monoxide, nitrogen oxides, sulfur oxides, aldehydes,

olycyclic aromatic hydrocarbons, volatile organic compounds, and

hlorinated dioxins. 7–9 Exposure to WS in humans is often associ-

ted with ocular 9 and pulmonary damage. 10 Exposure to high con-

entrations can cause acute lung failure in both humans and exper-

mental animals and has become a major cause of lung cancer. 11 

he World Health Organization estimates that indoor air pollution

n developing countries accounts for 2.2 to 2.5 million deaths an-

ually. 12 Subchronic exposure to WS particles has been shown to

timulate free radical production, resulting in oxidative deteriora-

ion of lipids and proteins, and DNA damage. 13 

Although millions of households worldwide depend on wood

nd biomass for their cooking and heating fuel needs, this activ-

ty leads to undesirable toxic effects on the ocular and pulmonary

ystems. There are few therapeutic possibilities to treat or prevent

his development. However, there are concerted scientific effort s

nderway to develop therapeutic or prophylactic agents that will

everse or protect against ocular and lung toxicity induced by ex-

osure to WS. However, in the absence of reliable and effective

odern treatments, traditional efforts currently include exploring

omplementary or alternative medicines to treat WS-associated

iseases. 

Natural products such as flavonoid, carotenoid, and phenolic

ompounds may be effective in treating various causes of retinopa-

hy and respiratory disorders. Flavonoids are inhibitors of aldose-

eductase, which catalyzes the rate-limiting step in sorbitol syn-

hesis. 14 Furthermore, flavonoids have shown some promise as

nticancer agents, 15 inhibit breast cancer growth in a preclinical

odel by inducing autophagic cell death, 16 and enhance natural-

iller-mediated toxicity against head and neck squamous cell car-

inoma. 17 Additionally, natural plant products have shown po-

ential to serve as alternative therapeutic agents to counter the

ide effects of various drugs. Naringin (NRG) (molecular formula

27H32O14 and molecular weight 580.4 g/mol) is an active fla-

anone glycoside derived from the flavanone naringenin and the

isaccharide neohesperidose. 18 It is found abundantly in grapes

nd many citrus fruits. 19 When administered orally, it is hy-

rolyzed to its major metabolite, olite-NRG, by the enzymes α-

hamnosidase and β-glucosidase. 20 NRG exhibits many therapeutic

nd pharmacologic properties, including antimicrobial, 21 antimuta-

enic, 22 chemoprotective, 23 anticancer, 24 anti-inflammatory, 25 and

ntihypercholesterolemia effects. 26 Moreover, recent studies using

 variety of assay systems suggest that NRG shows both in vivo and

n vitro anti-inflammatory effects. 27 , 28 To the best of our knowl-

dge, no previous studies were dedicated to evaluating the protec-

ive capacity of NRG against ocular and pulmonary toxicity of WS

n rats. Therefore, the present study was designed to evaluate the

cular and pulmonary protective effect of NRG against subchronic

oxicity of WS exposure in Wistar rats. 

aterials and Methods 

hemicals and reagents 

Substrates, including acetylcholine iodide, 5, 5-

ithiobisnitrobenzoic acid, hydrogen peroxide, trichloro acetic

cid, and thiobarbituric acid were purchased from Sigma (St Louis,

issouri). The vitamin E ( α-tocopherol) supplement, and all other

hemicals and reagents were of analytical grade. 

esign of exposure chamber and wood combustor 

The exposure chamber was fabricated using transparent plas-

ic while the wood combustor was made using iron, with an outlet

or the release of the smoke into the chamber and a 10 cm × 10 cm
quare oxygen inlet on the lid. The exposure chamber, of measure-

ent 70 cm × 60 cm × 60 cm, was constructed to allow at least

0% ventilation, as stipulated by the Organization for Economic

o-operation and Development guidelines for inhalation toxicity.

he burning process was initiated before exposure by igniting 3 kg

melina arborea wood with a lighter in the fabricated combustor.

iltered WS was diverted after kindling from the combustor into

he exposure chamber using a metal host. 

election and burning of G arborea wood 

The authors purchased Melina wood (G arborea) from a com-

ercial wood seller near the University College Hospital, Ibadan,

igeria. This is because Melina wood is commonly used as the

aw material for energy production, including wood fuel, pulp, and

aw-logs. About 3 kg Melina wood was used to generate the WS

ntroduced into the chamber. The burning process was initiated by

gniting 3 kg wood to maintain continuity of the fire and stable

oncentrations of carbon monoxide and PM 10 during the exposure

eriod. 29 

etermination of PM 10 and carbon monoxide levels 

The PM 10 concentration in the exposure chamber was mon-

tored using a PM 10 monitor (Portable Particulate Monitor, PD5

500 model, USA) that was suspended in the WS chamber for the

1 daily 20-minute sessions. A carbon monoxide monitor was also

uspended in the exposure chamber to measure the level of car-

on monoxide during the 21 daily 20-minute sessions. The authors

ecorded results weekly (Tables 1 and 2). 

phthalmologic examination 

After the WS exposure, an ophthalmoscope was used to exam-

ne the ophthalmological features of the rats’ fovea, iris, cornea,

nd lens. 

xperimental protocols 

Forty-eight male Wistar albino rats, weighting between 200 g

nd 300 g, were procured from the University of Ibadan animal

ouse and housed in cages at the vivarium within the Institute of

olecular Research and Advanced Technology, University College

ospital, Ibadan. The rats were acclimatized for 2 weeks and fed

ith standard chow pellets and water ad libitum. The rats were

ept in iron cages with dimensions of 30 cm × 15 cm × 25 cm at

oom temperature (25 °C). After acclimatization, they were weighed

nd grouped into 6 different groups containing 8 (n = 8) rats each:

• Group, I (control) served as the unexposed group and was given

a single oral daily dose of 0.5 mL distilled water for 21 days, 
• Group II (WS) served as an exposed group and was exposed to

441.2 μg/m 

3 PM 10 from WS for 20 minutes once daily for 21

days, 
• Group III (WS + 50 mg/kg vitamin E) was co-treated daily with

a single daily oral dose of vitamin E at 50 mg/kg body weight

and exposed to 441.2 μg/m 

3 PM 10 from WS for 20 minutes daily

for 21 days, 
• Group IV (WS + 80 mg/kg NRG) was co-treated daily with a sin-

gle daily oral dose of NRG at 80 mg/kg body weight and ex-

posed to 441.2 μg/m 

3 PM 

10 from WS for 20 minutes daily for

21 days, 

Group V (80 mg/kg NRG only) received a single daily dose of

NRG at 80 mg/kg body weight for 21 days, and 

• Group VI (50 mg/kg vitamin E only) received a daily single daily
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Table 1 

Measurement of weekly particulate matter of PM 10 (μg/m 

3 ) exposed to the 

control and experimental albino rats. 

Exposed group Week 1 (μg/m 

3 ) Week 2 (μg/m 

3 ) Week 3 (μg/m 

3 ) 

CG 0.11 0.11 0.11 

WS 441.2 ± 1.3 441.0 ± 1.6 441.2 ± 1.3 

WS + Vit E 441.2 ± 1.3 441.2 ± 1.3 441.0 ± 1.1 

WS + NRG 441.2 ± 1.3 441.0 ± 1.1 441.5 ± 1.5 

NRG 0.11 0.11 0.11 

Vit E 0.11 0.11 0.11 

Table 2 

Measurement of weekly carbon monoxide (ppm) exposed to the control 

and experimental albino rats 

Exposed group Week 1(ppm) Week 2 (ppm) Week 3 (ppm) 

CG 0.00 0.00 0.00 

WS 786 ± 77.8 797 ± 83.2 755 ± 92.9 

WS + Vit E 734 ± 66.9 793 ± 61.8 774 ± 80.5 

WS + NRG 710 ± 103.5 777 ± 48.7 767 ± 108.5 

NRG 0.00 0.00 0.00 

Vit E 0.00 0.00 0.00 
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Groups II through IV were exposed to WS for 20 minutes daily

nd all the groups were given the same food and water treatment

o ensure identical conditions. The dose of 80 mg/kg NRG and 50

g/kg vitamin E (negative control) was selected based on previous

tudies. 30 , 31 Animal care and handling were performed according

o the institutional guidelines for the protection of animal welfare

uring experiments. 32 On termination of the 21-day experiment,

ats were fasted overnight and, after 12 hours, they were sequen-

ially anesthetized with inhaled diethyl ether and humanely put to

eath. 

reparation of lung and ocular tissue homogenates for biochemical 

ssays 

Tissue homogenate was prepared by the method described by

kintunde. 14 Each rat’s lung and eye was weighed and then ho-

ogenized with 4 mL 10% w/v Tris-HCl buffer (0.1 M, pH 7.4)

sing a homogenizing machine (REMI Homogenizer, Mumbai, in-

ia). Each lung and ocular tissue homogenate was centrifuged at

0,0 0 0 × g for 15 minutes at 4 °C. Afterward, the lung and ocular

upernatants were immediately separated into various aliquots for

ifferent biochemical assays (pellets were discarded). 

iochemical examinations 

cetylcholinesterase activity assay 

The activity of acetylcholinesterase (AChE) was determined by

he modified method of Ellman 

33 and expressed as nmol AChE per

inute per milligram of protein. Briefly, 100 μL 3.3 mM 5,5-dithio-

is(2-nitrobenzoic) acid was mixed in 0.1 M phosphate buffer

pH 8.0) and mixed with 100 μL either lung or ocular postmi-

ochondrial fraction, followed by an additional 500 μL phosphate

uffer (pH 8.0), and incubated for 20 minutes at 25 °C. Afterward,

cetylthiocholine iodide (100 μL 0.05 mM solution) was mixed as

he substrate, and AChE activity was quantified by measuring the

hanges in optical density at 412 nm. 

etermination of nitrite and nitrate as markers of nitric oxide 

roduction 

Tissue nitrite and nitrate were measured as an index of nitric

xide radical production. Nitrite and nitrate levels were quantified

sing a method based on the Griess reaction. 34 Samples were ini-

ially deproteinized with Somogyi reagent, then total nitric oxide

nitrite + nitrate) was measured using a spectrophotometer at 545

m after reduction of nitrate to nitrite by copperized cadmium

ranules. A standard curve was established with a set of serial di-

utions (10 –8 to 10 –10 mol/L) of sodium nitrite. The resulting curve

as then used to calculate the unknown sample concentrations,

ith results expressed as millimoles per gram of tissue. 

ipid peroxidation 

Lipid peroxidation was quantified as MDA according to the

ethod described by Ohkawa and colleagues 35 and expressed as

icromoles per milligram of protein. 

uperoxide dismutase activity 

Superoxide dismutase (SOD) was determined according the 

ethod of Misra and Fridovich. 36 

atalase activity 

Catalase (CAT) activity was assayed by the method of Sinha 37 

nd expressed as moles of hydrogen peroxide consumed per

inute per milligram of protein. 
istologic examination 

The lungs and ocular tissues were quickly removed after anes-

hetization of rats and were fixed with 10% neutral buffered forma-

in solution. Histologic sections were prepared, stained with hema-

oxylin and eosin, and then examined under a microscope. The ex-

miner of the histology slides was blinded to treatment group. 

tatistical analysis 

The data are expressed as mean (SD). A 1-way ANOVA was used

o analyze the results, and the Duncan multiple test was used for

he post hoc analysis. The Statistical Package for Social Science ver-

ion 20.0 for Windows (IBM-SPSS Inc, Armonk, NY) was used for

he analysis and the least significant difference was accepted at

 < 0.05. 

esults 

onstituents of WS 

The common mixture of gas pollutants detected in the exposed

hamber was PM 10 and carbon monoxide, as shown in Tables 1

nd 2. The concentration of PM 10 pollutant in the WS to which pa-

ients were exposed in groups II to IV was approximately identical

cross the groups (441.2 μg/m 

3 ). The environments of unexposed

roups, Group I (control), Group V (NRG only), and Group VI (vita-

in E only) showed 0.11 μg/m 

3 ( Table 1 ). Similarly, the quantity of

arbon monoxide to which the rats were exposed through WS for

1 days is presented in Table 2 . Mean (SD) carbon monoxide con-

entration readings for Group II (WS only) showed 786 (77.8) ppm

week 1), 797 (83.2) ppm (week 2), and 755 (92.9) ppm (week 3);

eadings for Group III (WS + vitamin E) showed 734 (66.9) ppm

week 1), 793 (61.8) ppm (week 2), and 774 (80.5) ppm (week

); readings for Group IV (WS + NRG) showed 710 (103.5) ppm

week 1), 777 (48.7) ppm (week 2), and 767 (108.5) ppm (week

). These carbon monoxide concentration values demonstrate that

ll the rats were exposed to similar amounts of carbon monoxide. 

Furthermore, the oculo-clinical examination indicated that the 

xposed rats manifested eyes abnormalities, including redness and

nflammation of the cornea as well as cloudiness of the lens when

ompared with the control and co-treated group. 
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Figure 1. Effect of naringin on growth rate pattern in animals exposed to 

441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). Bars with 

different asterisks are significantly different (P < 0.05). 

Figure 2. Effect of Naringin on lung acetylcholinesterase (AChE) activity in animals 

exposed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). 

Bars with different asterisks are significantly different (P < 0.05). 
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Figure 3. Effect of Naringin on ocular acetylcholinesterase (AChE) activity in an- 

imals exposed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, 

(n = 8). Bars with different asterisks are significantly different (P < 0.05). 

Figure 4. Effect of Naringin on nitric oxide (NO) level in animals exposed to 441.2 

μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). Bars with different 

asterisks are significantly different (P < 0.05). 
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ffect of NRG on growth rate in rats exposed to WS 

The effect of NRG on the growth patterns of rats exposed to

S is presented in Figure 1 . The growth rate of the exposed rats

howed a significant ( P < 0.05) reduction when compared with the

ontrol and co-treated groups. 

ffect of NRG on the activity of AChE in pulmonary and ocular tissues

Figure 2 shows the effect of NRG administration (80 mg/kg

ody weight) on AChE activity in lung and ocular cells. The study

howed that the subchronic exposure to WS containing 441.2

g/m 

3 PM 10 and 797 ppm carbon monoxide for 21 days signifi-

antly ( P < 0.05) increased pulmonary AChE activity in relation

o control and co-treated groups. Conversely, lung AChE activity

as significantly ( P < 0.05) reduced by flavonoid-NRG (80 mg/kg)

nd vitamin E (50 mg/kg) when compared with Group I (WS

nly). A similar trend was found in the activity of the ocular AChE

 Figure 3 ). There was a substantial elevation ( P < 0.05) of ocular

ChE activity in rats exposed to WS. However, co-treatment of NRG

nd vitamin E at doses of 80 mg/kg NRG and 50 mg/kg vitamin E,

espectively, significantly ameliorated the ocular AChE activity. 
ffect of NRG on lung nitric oxide production 

The measured nitric oxide production across the treatment

roups is depicted in Figure 4 . The level of nitric oxide in PM 10 

S-exposed rats’ lung tissue was significantly higher ( P < 0.05)

han in the control group. By contrast, co-treatment with NRG (80

g/kg body weight) and vitamin E (50 mg/kg body weight) signifi-

antly ( P < 0.05) lowered nitric oxide levels in the lungs to normal.

ffect of flavonoid antioxidant treatment on pulmonary MDA and 

cular MDA following sub-chronic exposure to 441.2 μg/m 

3 PM 10 

rom WS 

Levels of MDA measured in both lung and ocular tissues as

 measure of oxidative damage, are shown in Figures 5 and 6 .

he study found that pulmonary MDA levels were elevated in

S exposure groups when compared with controls following the

ubchronic exposure to 441.2 μg/m 

3 PM 10 from WS for 21 days

 Figure 5 ). The significant hike ( P < 0.05) in pulmonary MDA was

ownregulated by co-treatment with NRG (80 mg/kg) and vitamin

 (50 mg/kg) compared with the control group ( Figure 5 ). The oc-

lar MDA levels were also significantly ( P < 0.05) increased fol-
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Figure 5. Effect of Naringin on pulmonary malonaldehyde (pMDA) level in animals 

exposed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). 

Bars with different asterisks are significantly different (P < 0.05). 

Figure 6. Effect of Naringin on ocular malonaldehyde (oMDA) level in animals ex- 

posed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). Bars 

with different asterisks are significantly different (P < 0.05). 

l  

C  

0  

a

E

b

 

l  

F  

t  

s  

g  

i  

m  

w  

c  

v  

o

 

w  

Figure 7. Effect of Naringin on lung superoxide dismutase (SOD) activity in animals 

exposed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). 

Bars with different asterisks are significantly different (P < 0.05). 

Figure 8. Effect of Naringin on ocular superoxide dismutase (SOD) activity in an- 

imals exposed to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, 

(n = 8). Bars with different asterisks are significantly different (P < 0.05). 

Figure 9. Effect of Naringin on lung catalase (CAT) activity in animals exposed to 

441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). Bars with 

different asterisks are significantly different (P < 0.05). 
owing 441.2 μg/m 

3 PM 10 exposure to WS for 21 days ( Figure 6 ).

o-treatment with flavonoid NRG and vitamin E significantly ( P <

.05) blunted the increase, maintaining normal ocular MDA levels

nd restoring ocular membrane integrity. 

ffect of NRG on WS-induced alterations in oxidative stress 

iomarkers SOD and CAT 

The enzymatic antioxidant proteins in the WS exposed rat

ung and ocular postmitochondrial homogenates are presented in

igures 7 through 10 . The results showed that pulmonary SOD ac-

ivity was significantly ( P < 0.05) upregulated by 21-day WS expo-

ure ( Figure 7 ) relative to the corresponding control and co-treated

roups. An inverse relationship was detected in lung SOD activity

n the groups co-treated with NRG (80 mg/kg) and vitamin E (50

g/kg) (as shown in Figure 7 ). Additionally, ocular SOD activity

as significantly ( P < .05) depleted by 21-day WS exposure when

ompared with the control ( Figure 8 ). Co-treatment with NRG and

itamin E during the 21 days noticeably ( P < 0.05) restored the

cular SOD activity to normal ( Figure 8 ). 

Furthermore, as shown in Figure 9 , pulmonary CAT activity

as remarkably increased by 21-day WS exposure when compared
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Figure 10. Effect of Naringin on ocular catalase (CAT) activity in animals exposed 

to 441.2 μg/m 

3 P.M 10 from wood smoke for 21 days, Mean ± S.D, (n = 8). Bars with 

different asterisks are significantly different (P < 0.05). 
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Figure 11. Lung histopathology changes on rat treated with NRG and Vit E in 

wood smoke induced oculo-pulmonary toxicity ( × 400). CONTROL (a): Moderate 

focal area of lymph node (black arrow), moderate disseminated congestion (blue 

arrow), and moderate focal infiltration of the parenchyma with moderate area of 

alveolar hyperplasia (green arrow) WS (b): The lung cells show infiltration of the 

parenchyma by inflammatory cells (green arrow). Extensive hemorrhagic lesion and 

focal area of thrombosis (blue arrow) with hemorrhagic lesion in the bronchiole 

(black arrow). WS + Vit E (c): Moderate focal area of granulation tissue around the 

bronchiole (black arrow), moderate focal area of thrombosis and polyp (blue ar- 

row) and moderate hyperplasia with cytological atypia (green arrow). WS + NRG 

(d): Moderate area of lymphoid aggregate (blue arrow), moderate inflammation 

(black arrow) and moderate thrombosis (green arrow). NRG (e): Moderate area of 

lymph node with moderate inflammation (black arrow), moderate haemorrhagic le- 

sion (green arrow) and moderate vascular sclerosis (blue arrow). Vit E (f): Moderate 

haemorrhagic lesion (black arrow) and inflammatory cells (green arrow). 
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d  
ith the corresponding control. Once again, co-treatment with the

avonoid NRG (80 mg/kg) and vitamin E (50 mg/kg) significantly

 P > 0.05) prevented this increase ( Figure 9 ). Co-treatment with

itamin E (50 mg/kg) showed a particularly effective, significant ( P

 0.05) effect in rat lungs ( Figure 9 ). Lastly, Figure 10 shows that

cular CAT activity was substantially ( P < 0.05) suppressed by 21

ays of WS exposure that was reversed by co-treatment with NRG

nd vitamin E in the eye tissue. 

ffect of NRG on histopathological WS-caused changes in lung and 

cular cells 

The control group showed moderate focal infiltration of the

arenchyma with moderate alveolar hyperplasia ( Figure 11 A). Sub-

hronic WS exposure caused infiltration of the parenchyma and in-

ammation of lung cells ( Figure 11 B). There were also hemorrhagic

esions as evidenced by focal areas of thrombosis in the bronchi-

les. The lung cells in WS-exposed rats treated with vitamin E

50 mg/kg body weight) showed moderate granulation around the

ronchioles with moderate focal area of thrombosis and a polyp

 Figure 11 C). Additionally, there was moderate infiltration of the

arenchyma by inflammatory cells, along with moderate hyper-

lasia with cytological atypia ( Figure 11 C). The lung cells of WS-

xposed rats treated with NRG (80 mg/kg) showed a moderate area

f lymphoid aggregates with moderate inflammation and moder-

te thrombosis ( Figure 11 D). WS-exposed rats treated with only

RG (80 mg/kg) displayed moderate areas of lymph node dam-

ge with moderate inflammation and moderate hemorrhagic le-

ions and moderate vascular sclerosis ( Figure 11 E). In comparison,

S-exposed rats treated only with vitamin E (50 mg/kg) showed

oderate hemorrhagic lesions with slight infiltration of the lung

arenchyma by inflammatory cells ( Figure 11 F). 

The histopathologic examination of ocular cells in control group

ats showed normal architecture without any signs of ocular

esions ( Figure 12 A). Histopathologic examination revealed that

ubchronic WS exposure to 441.2 μg/m 

3 WS PM 10 without co-

reatments led to atrophy and neovascularization of ocular cells

 Figure 12 B). The ocular cells of rats co-treated with vitamin E (50

g/kg) showed no visible lesions or any deviation from the normal

rchitectural structure ( Figure 12 C). The ocular cells of WS-exposed

ats co-treated with NRG (80 mg/kg) also showed no lesions or de-

iation from the normal architectural structure ( Figure 12 D). Simi-

arly, the ocular cells of WS-exposed rats treated with either NRG

nly or vitamin E only showed no lesions or deviation from the

ormal architectural structure ( Figure 12 E and 12 F, respectively). 
iscussion 

Millions of households around the world depend on wood and

ther forms of biomass as their cooking and heating fuel. 1 The

enerated smoke and particulate matter from these anthropogenic

ources are dangerous to the eyes and lungs. 2 , 8 , 9 This study found

hat subchronic (21 day), short-term (20 min/d) exposure of rats

o 441.2 μg/m 

3 PM 10 and 797 mg/L carbon monoxide from WS el-

vated both lung and ocular AChE activity and decreased growth

ate patterns. This suggests that WS exposure in mammals could

e a risk factor for diseases characterized by ocular and pul-

onary dysfunction, including catarrh, glaucoma, emphysema, and

ronchial fibrosis. 38–40 The results suggest that both dopaminer-

ic and cholinergic pathways of ocular and pulmonary cells were

ompromised. Previous studies have reported that individuals with

etinopathy and glaucoma can display disordered lung dopaminer-

ic/cholinergic homeostasis, followed by decreased pulmonary im-

unoproteins. 41 , 42 We measured the effect of WS on the activity

f AChE because it is among the crucial neurotransmitter signal-

ng molecules implicated in the regulation of retinogenesis. 43 Ad-

itionally, the significant reduction of growth rate after 21 days of
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Figure 12. Ocular histopathology changes on rat treated with NRG and Vit E in 

wood smoke induced oculo-pulmonary toxicity ( × 400). CONTROL (a): No lesions 

to architectural structure WS (b): Development of atrophy and neovascularization 

(arrow) WS + Vit E (c): No lesions to architectural structure WS + NRG (d): No le- 

sions to architectural structure NRG (e): No lesions to architectural structure Vit E 

(f): No lesions to architectural structure. 
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a  
S exposure suggests the WS exposure caused organ toxicity. 44 

otent, naturally occurring antioxidant products and their analogs

ave been reported to be effective in the management of ocular in-

ections associated with several metabolic disorders in mammals. 45 

herefore, we investigated the ability of NRG (4,5,7-trihydroxy fla-

anone 7-rhamnoglucoside), an active flavone glucoside found in

rapes and many citrus fruits, at a dose of 80 mg/kg to mitigate

he effects of subchronic toxicity from WS exposure in rats. The ad-

inistration of both NRG and a positive control drug, α-tocopherol

ie, vitamin E), significantly regulated both lung and ocular AChE

ctivity; a biomarker of toxicity. The protective effect of NRG treat-

ent on this biomarker along with the protective effects of NRG

herapy against distended alveoli (emphysema), bronchial necrosis, 

nd ocular injuries triggered by WS exposure suggest NRG has pro-

hylactic efficacy against WS exposure. Consistent with this, previ-

us studies have shown that NRG and vitamin E can act as cyto-

rotection and repair mitochondrial dysfunction, which is a con-

ributor to cellular pathogenesis and lung impairment. 46 , 47 Addi-

ionally, other studies have suggested that flavonoids, particularly

itamin E, have the ability to reduce inflammation, mutation, and

xidation, suggesting that flavonoids might be effective for treat-

ng or preventing catarrh and lung failure. 48 , 49 NRG and vitamin E

ave also been reported to be potent antioxidants, eliciting strong

rotection against lens and glial cell necrosis, 22 aqueous/ vitreous

umor damage, 15 and ultraviolet light-induced catarrh and glau-

oma. 61 Lastly, recent studies have reported that NRG reduced 3-

itropropionic acid induced inflammation through the modulation 

f nuclear reactor factor-2-driven antioxidant release element gene
xpression, followed by the reduction of tumor necrosis factor-

, cyclooxygenase-2, and inducible nitric oxide synthase expres-

ion causing the depleted production of proinflammatory media-

ors. 25 , 31 

Modulation of pulmonary nitric oxide could be a useful mea-

ure of tissue viability. Accumulation of the nitric oxide radicals

n the body causes metabolic disorders, particularly lung fibrosis

nd ocular injury. 9 Additionally, nitric oxide is among the major

ediators of toxin-induced oxidative tissue injury. 50 However, the

echanism by which nitric oxide triggers a series of events leading

o bronchopulmonary fibrosis is not fully understood. The present

tudy showed that repeated (21 daily), short-term (20 minute) ex-

osures to 441.2 μg/m 

3 PM 10 from WS significantly increased pul-

onary nitric oxide levels, as well as altered lung structure (de-

cribed as hemorrhagic alveolitis, interstitial inflammation, intra- 

lveolar hemorrhage, edema, hyperemia, bronchial necrosis, and 

ascular necrosis). 51 Concomitant treatment with NRG (80 mg/kg)

nd/or vitamin E (50 mg/kg) significantly decreased these nitric

xide levels, and demonstrating significant protection against WS-

ediated pulmonary toxicity. However, these results also suggest

hat NRG could also act as an anti-inflammatory agent, because ni-

ric oxide radical depletion is reported to be cytoprotective in vitro

n many cell types such as heart cells, 50 neurons and glial cells, 52 

pithelial cells, and retinal cells. 9 

The toxicity from exposure to the carbon monoxide, particulate

atter, and other organic compounds in heating fuels has recently

enerated many concerns. 5 WS constituents are metabolized via

lucuronidation and sulfation reactions occurring principally in the

ungs and the eyes. This produces water-soluble metabolites that

re excreted in urine or tears. During the metabolic conversion

f various WS constituents by the microsomal CYP-450 enzyme

ystem, highly reactive intermediate metabolites are produced. 53 

hese highly toxic metabolites come into direct contact with ocular

nd lung proteins, triggering the depletion of cellular proteins. 54 

hen these metabolites bind to cellular proteins, lipid peroxida-

ion is initiated, leading to ocular 9 and pulmonary injury. 55 The

eneration of reactive oxygen species precedes intracellular lipid

eroxidation, oxidization of proteins, and DNA damage in the lung

nd the eyes. 55 

Current evidence suggests that intracellular lipid peroxidation 

s implicated in optic neuropathy, retinopathy, losses in vision, and

amage to lung cell membrane integrity. 56 , 57 Substantial elevations

n the concentrations of MDA in both ocular and lung tissue are as-

ociated with ocular and pulmonary toxicity. 12 , 57 Consistent with

revious studies, 56 , 57 exposure to 441.2 μg/m 

3 PM 10 from WS in

ur study led to alterations in the eyes as well as pulmonary en-

ymatic antioxidants (eg, CAT and SOD) in rats. There was also sub-

tantial peroxidation of ocular and pulmonary membrane lipids of

xposed rats. The altered enzymatic antioxidant status could be the

echanism responsible for the ocular and pulmonary toxicity ob-

erved. Free radical generation is known to have harmful effects on

he cells, tissues, and organs. NRG can scavenge several types of

ree radicals. 47 , 58 The co-treatment of WS exposed rats with NRG

ignificantly restored the activity of SOD and CAT in both the eye

nd the lung. The normalization of these enzymes’ activities is a

otential explanation for the protection provided by NRG adminis-

ration in rats against both ocular and pulmonary oxidative stress

nduced by WS, as reported in previous studies. 59 , 60 

The histological cytotoxicity examinations demonstrated that 

ubchronic WS exposure caused infiltration of the parenchyma and

nflammation of the lung cells. The focal areas of thrombosis are

vidence of hemorrhagic lesions in the bronchioles. 62 The histology

esults supported the view that NRG protected the lung cells from

emorrhagic lesion induced by WS exposure. Atrophy and neovas-

ularization of ocular cells are evidence of chronic ocular injury

nd retinal necrosis. 63 , 64 Co-intake of NRG and/or vitamin E inhib-
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4  
ted this atrophy and neovascularization, thereby alleviating ocular

nflammation and damage. 

onclusions 

Subchronic WS exposure to significantly increased cellular AChE

ctivities and nitric oxide levels in rat ocular and pulmonary tis-

ues that were prevented or ameliorated by coadministration of

RG and/or vitamin E. This suggests that NRG administration could

romote the activity of ocular and lung antioxidant enzymes and

nhibit AChE and nitric oxide in lung and eye tissue, which are the

rimary target organs of WS exposure. Further, the results suggest

hat NRG administration may have therapeutic potential for pa-

ients exposed to PM 10 WS. Further studies to elucidate both the

olecular mechanism of action of NRG, any possible long-term ad-

erse effects, and most effective dosing regimens and combinations

re needed before starting clinical testing in human beings. 
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