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Effect of Moringa oleifera Lam. Seed Extract on Toluene
Diisocyanate-Induced Immune-Mediated Inflammatory
Responses in Rats

Shailaja G. Mahajan, Ravindra G. Mali, and Anita A. Mehta
Department of Pharmacology, L.M. College of Pharmacy, Ahmedabad, Gujarat, India

Moringa oleifera Lam. is a small tree cultivated throughout
India. We have investigated the effect of ethanolic extract of seeds of
Moringa oleifera (MOEE, an herbal remedy) on the potential pre-
vention of immune-mediated inflammatory responses in toluene
diisocyanate (TDI as antigen)-induced asthma in Wistar rats. Rats
were divided into five different groups (n = 8/group): Group-I =
unsensitized control; Group-II = TDI control/vehicle; Group-III
= dexamethasone (DXM) 2.5 mg/kg; and, Groups IV and V = 100
mg/kg and 200 mg/kg body weight [BW] of MOEE, respectively.
All rats (except unsensitized controls) were sensitized by intranasal
application of 10% TDI to induce airway hypersensitivity. Animals
in Groups II–V were given their respective drug treatment per os
from 1 wk prior to initiation of sensitization until the day of final
provocation with 5% TDI. After this last challenge, all rats were
examined for hyperreactivity symptoms and then sacrificed to de-
termine their total and differential leucocytes in blood and bron-
choalveolar (BAL) fluid and levels of TNF∝, IL-4, and IL-6 in their
BAL and serum. Homogenates of one lung lobe from each animal
were utilized to assess oxidative stress; a separate lobe underwent
histologic examination to assess airway inflammatory status. The
results suggest that asthmatic symptoms were found in TDI control
rats only, while both MOEE- and DXM-treated rats did not man-
ifest any airway abnormality. In MOEE- and DXM-treated rats,
neutrophil and eosinophil levels in the blood were decreased sig-
nificantly; levels of total cells and each different cell in their BAL
fluid were markedly decreased as compared to those in TDI con-
trols. TNFα, IL-4, and IL-6 were predominant in serum as well
as in BAL fluids in TDI controls, but these levels were reduced
significantly by MOEE treatment. The antioxidant activity in re-
lation to antiinflammatory activity of the extract and histopatho-
logical observations also reflected a protective effect. Based on the
above findings and observations, it can be concluded that Moringa
oleifera may possess some beneficial properties that act against
chemically stimulated immune-mediated inflammatory responses
that are characteristic of asthma in the rat.
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INTRODUCTION
Asthma is characterized by reversible airflow obstruction,

airway hyperresponsiveness and/or hyperreactivity, and chronic

inflammation characterized by an influx and activation of

inflammatory cells like eosinophils (Wardlaw et al., 1988), lym-

phocytes (Sergio, 2000) macrophages/monocytes (Bousquet

et al., 2000), and neutrophils (Sur et al., 1993). Activation of

these cells leads to release of inflammatory mediators including

cytokines and generation of reactive oxygen species (ROS)

(Kinnula et al., 1995). Many cytokines or their mRNA have

been detected in increased quantity in bronchial biopsies or

bronchoalveolar lavage fluid from asthmatic subjects (Broide

et al., 1992). Specifically, tumor necrosis factor (TNF)-α (Coker

and Laurent, 1998), interleukin (IL)-4 (Gharaee-Kermani et al.,

2001), and IL-6 (Elias et al., 1997) have been detected in human

airways (Robinson et al., 1992).

It has been shown that inflammation driven by increased ox-

idative stress occurs in the airways of patients with asthma, (re-

viewed by Dworski, 2000). In addition, it has been proposed that

ROS can initiate inflammatory responses in the lungs (Guyton

et al., 1996; Rahman and MacNee, 1998) and produced by

phagocytes that have been recruited to sites of inflammation is a

major cause of the cell and tissue damage associated with many

chronic inflammatory lung diseases including asthma (Hatch,

1995; Rahman and MacNee, 1996, 1999, 2000; Dworski, 2000).

Toluene diisocyanate (TDI), a highly reactive industrial

chemical, is one of the leading causes of occupation related

asthma in industrialized countries. In modern times, well over

200 causative agents have now been associated with asthma in

the workplace (Berstein et al., 1992). It is estimated that 2–

15% chronically exposed workers exhibit symptoms of asthma

(Becklake, 1993; Chan-Yeung and Malo, 1993). To date, no sci-

entific study has been reported that has examined alternative

therapies in connection with the development or persistence of

TDI-induced asthma in rats. However, the use of complementary

and alternative medicines for asthma treatment is of great inter-

est in patient care (Lane and Lane, 1991; Graham and Blaiss,

2000). To this goal, we have selected this herbal plant to reveal

its scientific exploration for the treatment of asthma.
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Moringa oleifera Lam. belongs to the family Moringaceae
(genus Moringa), and its best known and most widely distributed

species (Sengupta and Gupta, 1970). It is small fast growing or-

namental tree grown throughout the tropics and subtropics of

Asia and Africa (Michael and Horst, 1998). Numerous varieties

of M. oleifera have been developed to meet the tastes of local

populations (Rajan, 1986). The medicinal values of the seeds

and the different parts of the plant have long been recognized

in folklore medicine (Faizi et al., 1995). The whole plant pos-

sesses antimicrobial activity (Caceres, 1991) and is also used

for the treatment of ascites, rheumatism, venomous bites, and

for enhancing cardiac function (Nadkarni and Nadkarni, 1976;

Chaudhri, 1996).

The leaves exhibit strong hypotensive, diuretic, and spas-

molytic effects, and have been seen to be useful against in-

flammation, in anaphylaxis (Mahajan et al., 2006) helminthesis,

and scurvy (Caceres et al., 1992). The roots of the plant have

been used as carminatives, anthelmintics, diuretics, and in the

treatment of intermittent fever, epilepsy, and chronic rheuma-

tism (Karadi et al., 2006). The plant’s seeds have been used as

purgatives, antipyretics, and as anti-inflammatory agents (Varier,

1997). We have previously reported on the antiarthritic activity

of the ethanolic extract of these seeds (Mahajan et al., 2007) and

Guevara et al. (1999) noted the antigenotoxic activity of these ex-

tracts. Ayurvedic practitioners used to administer the seed extract

nasally in diseases like rhinitis, and the dried seeds were used

as an anti-allergic medication (Chopra et al., 1938). Treatment

with the plant is also reported to elicit good clinical responses

in children suffering from upper respiratory tract infections as

well as skin infections. It has been reported that one of the alka-

loids from the plant closely resembles ephedrine in action and

has been seen to be useful in the treatment of asthma; alkaloid

Moringine relaxes bronchioles (Kirtikar and Basu, 1975).

MATERIALS AND METHODS

Procurement of Plant Material and Extraction Procedure
Seed kernels of M. oleifera were obtained from a commercial

supplier of Ahmedabad and were identified and authenticated

by Department of Pharmacognosy, L. M. College of Pharmacy,

Ahmedabad, India. Voucher specimens were deposited at the

Department of Pharmacognosy, Ahmedabad.

The coarse powder (500 g) of the dried seed kernels was

defatted using petroleum ether and then it was exhaustively ex-

tracted using 95% ethanol in a Soxhlet extractor at 55oC for 6 hr.

The extract was concentrated under reduced pressure to yield a

syrupy mass. The extract was stored in airtight container in cool

place and used throughout the study.

Phytochemical Analysis
Preliminary phytochemical studies of the extract were per-

formed according to published standard methods (Peach and

Tracey, 1955). These tests (see Table 1) were broad in scope

TABLE 1

Preliminary phytochemical study on M.oleifera seed extract

Tests Observation

Alkaloids

Wagner’s test Positive—Turbidity noted

Mayer’s test Positive—Turbidity noted

Flavonoids

Dilute HCL Positive—Precipitation noted

Glycosides

Bromine test Positive—Turbidity noted

Cupraloin test Positive—Turbidity noted

Saponins

Sodium bicarbonate Negative—No change observed

Polyphenols

Ferric chloride test Negative—No change observed

Lead acetate test Negative—No change observed

Steroids

Liebermann-Burchard’s Negative—No change observed

test

Salkowski test Negative—No change observed

Tannins

Ferric chloride test Positive—Opacity noted

Lead acetate test Positive—Opacity noted

Triterpenoids

Acetic anhydride test Positive—Precipitation noted

and sought to determine the presence of alkaloids, flavanoids,

saponins, glycosides, phenols, steroids, tannins and terpenoids in

the extract. For these tests, a stock solution of 10 mg MOEE/ml

was prepared in distilled water. For each specific test, the ap-

pearance of any turbidity, opacity, or precipitation—indicative

of the presence of the specific class of agent being tested for

within each given test was then made by direct observation (not

spectrophotometrically).

Drugs and Chemicals
All the required organic solvents were obtained from the

S.D. Fine Chemicals Private Limited (Mumbai, India) and

all were of analytical grade. 2,4-Toluene diisocyanate, bovine

serum albumin (A-9418), Field’s stain, hydrogen peroxide,

trichloroacetic acid (TCA), thiobarbituric acid (TBA), Tris

buffer, 5,5′-dithiobis-2-nitrobenzoic acid (DTNB), epinephrine,

dexamethasone were all obtained from Sigma-Aldrich (St.

Louis, MO). ELISA kits were purchased from Biosource In-

ternational (Camarillo, CA).

Experimental Animals and Feeds
Wistar albino rats procured from Zydus Cadila Limited

(Ahmedabad, India) were housed at ambient temperature

(22 ± 1◦C), relative humidity (55 ± 5%) and 12 hr light-dark

cycle. Animals had free access to standard pellet diet (certified

Amrut brand rodent feed, Pranav Agro Industries, Pune, India)
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and filtered tap water given ad libitum. Freshly prepared solu-

tions of drugs or chemicals were used throughout the study. All

the experiments complied with the University guidelines for an-

imal experimentation. Throughout the entire study period, the

rats were monitored for growth, health status and food intake

capacity to be certain that they were healthy.

Antigen for Sensitization
The antigen used for sensitization was 2,4-toluene diiso-

cyanate (TDI). TDI was prepared in ethyl acetate to a concen-

tration of 10% for sensitization and to 5% for provocation.

Sensitization and Provocation of Animals
Adult Wistar rats, weighing 200–250 g were divided into 5

different groups of 8 animals each. Group-I: control (distilled

water); Group-II: TDI control (distilled water); Group-III: dex-

amethasone (DXM; 2.5 mg/kg body weight [BW] per os, as ref-

erence standard); Group-IV: MO1 (100 mg/kg per os, of ethano-

lic extract of M. oleifera); and, Group-V: MO2 (200 mg/kg per
os, of ethanolic extract of M. oleifera).

All the rats (except Group-I) were sensitized by the slight

modified method of Zheng et al. (2001b) by dropping 5 μl of

10% TDI into each nostril for seven consecutive days under light

ether anaesthesia. After a week of rest, all the rats (except Group-

I) were re-sensitized for 7 d. One week after the second course of

sensitization the rats were provoked by intranasal administration

of 5 μl of 5% TDI. All the animals of Groups II, III, IV, and V

were given the respective drug treatment by oral route from 1

week prior to the initiation of sensitization until the day of final

challenge with 5% TDI. The treatment was daily and continued

during resting period also. The last dose of drug treatment was

given 2 hr prior to provocation with 5% toluene diisocyanate.

The rats of Group-I (vehicle treated) were treated with in-

tranasal ethyl acetate and provoked with 5% TDI in the same pro-

tocol. After provocation, all animals were observed for outward

observable symptoms of airway hyperreactivity for a period of 1

hr. Specifically, it was noted that all animals in the TDI-control

group coughed severely and exhibited labored breathing, had

their mouths open, and were gasping for air. Prolongation of the

expiratory phase was also observed. These rats also demon-

strated irritability, aggression, and sneezing. None of these

symptoms were found in animals from any of the other treatment

groups.

The daily doses of MOEE used herein were selected based

upon findings in a previous study from our laboratory (Mahajan

et al., 2007). Specifically, in those earlier studies that screened

for MOEE-induced prevention of induction of arthritic activity

in rats, promising dose dependent activity was obtained at both

the 100 and 200 mg/kg levels (i.e., the highest dose had little

more effect than the 200 mg/kg dose). Similar findings were

obtained in preliminary studies here with the TDI-treated rat

model. One additional reason for selecting these doses of extract

was that we have observed protection against histamine- and

acetylcholine-induced broncho-spasm in guinea pigs using the

same dose range (data not shown).

Blood Cell Count and Serum Preparation
After the airway symptoms have been observed, rats were

administered an intraperitoneally-delivered overdose of pento-

barbital (120 mg/kg), blood was removed from the cervical vein.

Each sample was then divided into two portions. The first aliquot

was placed in a non-heparinized tube for serum separation; the

isolated serum was stored and −80◦C for later quantitative deter-

minations of levels of cytokines TNFα as well as IL-4 and IL-6.

The second portion of the blood was placed in a heparinized

tube and used for total and differential leukocyte counts. Total

leukocytes were counted after the blood was diluted at 1:10 with

1% acetic acid to lyse red blood cells. Detailed procedure for

total and differential leukocyte counts was same as mentioned

in BAL fluid (see next).

Bronchoalveolar Lavage (BAL) Collection and Differential
Cell Count Analyses

The lungs of each rat were lavaged 5 times with 2 ml aliquots

of warm (37◦C) 0.9% saline via a tracheal cannula. The recov-

ered lavage fluid was centrifuged at 200 × g for 10 min at 20◦C;

the supernatant was collected and stored at −80◦C until used in

cytokine determinations. The cell pellets were washed in 250 μl

0.9% saline containing 10% bovine serum albumin. Total cell

counts were then performed on automated cell counter (Cell

Dyne 3500, Abbott, New York, NY). For differential counts,

slides were prepared and then stained with Field’s stain; after

drying, 300 cells/slide were counted on a compound microscope

(Optima X5Z-H) oil immersion power at 400 × magnification.

To perform the differentials, cells were identified as eosinophils,

lymphocytes, macrophages, or neutrophils using standard mor-

phologic determinants.

Measurement of Inflammatory Mediators in Serum
and BAL Fluid

The levels of TNFα, IL-4, and IL-6 in recovered serum and

BAL samples were measured using enzyme-linked immunosor-

bent assay kits. After following the manufacturer’s instruc-

tions, all plates were analyzed on an automated plate reader

(Lab System Multiscan Model-51118220, Thermo Bioanaly-

sis Co., Helsinki, Finland). The detection limit of the kits for

TNFα, IL-4, and IL-6 were <4 pg/ml, <2 pg/ml and <8 pg/ml,

respectively.

Assessment of Pro-Oxidant and Antioxidant Status
All the animals were sacrificed by cervical dislocation and

their lungs were isolated. Each lung was homogenized in Tris

HCl buffer (0.01 M, pH. 7.4) using a REMI homogeniser (REMI

Motor, Bombay, India) to generate a 10% homogenate (Hogberg

et al., 1974). The method of Devasagayam (1986) was used to
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measure the presence of lipid peroxides in the homogenate and

is based upon the release of malondialdehyde. For the estima-

tion of antioxidant enzyme activities in the samples, superox-

ide dismutase (SOD) was assayed according to the method of

Misra and Fridovich (1972), with the degree of inhibition of

the auto-oxidation of epinephrine by SOD being used as the in-

dex of activity. Catalase activity was assayed by the method of

Sinha (1972). The method of Moron et al. (1979) was used for

estimation of total reduced glutathione (GSH). Protein was es-

timated according to the method of Lowry et al. (1951). All the

parameters were estimated spectrophotometrically (UV 1601,

Shimadzu (Asia Pacific) Pte Ltd., Sydney, Australia) at their

respective specified wavelengths.

Histopathology
Histopathologic analyses of lung tissues obtained from rats

were also carried out to study the effects of the extract on the

immune-mediated responses elicited by TDI. Dissected lungs

were washed with normal saline and then placed in Bouin’s fix-

ative for 18–24 hr. The tissues were then washed twice with

distilled water and placed in 70% alcohol. A pinch of lithium

carbonate was added to remove excessive Bouin’s stain. The tis-

sues were then sequentially washed in 70% and 90% alcohol,

and then placed in 90% alcohol overnight. Finally, the tissues

were transferred into 100% alcohol for 3 hr and then placed in

xylene until they become transparent. These tissues were then

embedded in melted paraffin and sectioning performed. Several

TABLE 2

List of major phytochemical constituents of the seeds of M. oleifera

Active principle/s (isolated/reported from seed extract) Reported activity Reference

Alkaloid, Moringine Relaxes bronchioles Kirtikar and Basu, 1975

Flavonoids, Tocopherols, vitamin C and different polyphenolic

compounds

Antioxidant Laandrault et al., 2001

Glycosides, Benzylisothiocyanate, its derivatives (a glycoside of

mustard oil) 4 (4′-acetyl-L-L-rhamnosyloxy)-

benzoisothiocyanate

Anti-inflammatory

External counter-

irritant property

Das et al., 1958

4 [α-L-rhamnosyloxy], Phenylacetonitrile, 4-hydroxyl

phenylacetonitrile and 4-hydroxyphenylacetamide

As mutagens Villasenor et al., 1989, 1990;

Villasenor, 1994

4-[α-L-rhamnosyloxy] Antibiotic Dayrit et al., 1990

4-[[α-L-rhamnosyloxy] phenyl acetonotrile β-Carotene],

β-sterols, and lecithin

Antimicrobial Njoku and Adikwu, 1997

O-ethyl-4-(α-L-rhamnosyloxy)benzylcarbamate together with

seven known compounds like-niazimicin, niazirin, β-sitostrol,

glycerol-1-1-(9-octadecanoate),

3-O-(6′-O-oleoyl-β-D-glucopyranosyl)-β-sitosterol, and

β-sitosterol-3-O-β-D-glucopyranoside

Antitumor promoting

activity

Guevara et al., 1999

Thiamine, riboflavin, nicotinic acid, folic acid, pyridoxine,

ascorbic acid and α-tocopherol

As nutritive and as an

antioxidant

Dahot and Memon, 1985

Monopalmitic acid, oleic acid, and tri-oleic triglycerides were

isolated from seeds and oil

− Memon and Khatri, 1987

sections (3 μm thickness) were taken from each tissue and sec-

tions with uniform shape and size were selected for histology.

These sections were fixed on clear glass slides and stained using

Heamotoxyllin and Eosin (H & E).

Statistical Analyses
Results were reported as mean ± SEM. Statistical analysis

was performed using one-way analysis of variance (ANOVA).

If the overall F-value was found statistically significant (p <

0.05), further comparisons among groups were made according

to post-hoc Tukey’s test. All statistical analyses were performed

using Graph Pad software (San Diego, CA). Though data was

considered statistical significant at p < 0.05, when data was

found to be very (i.e., p < 0.01) or highly (i.e., p < 0.001)

significant, this is indicated in the Results.

RESULTS

Phytochemical Study
The preliminary phytochemical screening of the ethanolic ex-

tract of M. oleifera showed the presence of alkaloids, flavanoids,

glycosides, tannins and terpenoids (Tables 1 and 2).

Effect of MOEE on Airway Hyperreactivity Symptoms
Within 2–10 min after provocation with 5% TDI, all the rats

in the TDI-control group exhibited irritability, sneezing, and

hyperrhinorrhea. Exertional breathing that was similar to that



Moringa oleifera AS HERBAL ANTI-ASTHMATIC 89

TABLE 3

Total cells and differential leukocyte counts in blood (×103 cells/ml)a

Groups Total cells Eosinophils Lymphocytes Monocytes Neutrophils

Control 15.00 ± 0.87 0.06 ± 0.01 13.2 ± 0.80 0.040 ± 0.007 1.7 ± 0.06

TDI-control 16.48 ± 1.02 0.45 ± 0.004c 13.5 ± 0.74 0.039 ± 0.004 2.5 ± 0.24b

TDI + DEXA (2.5 mg/kg) 14.24 ± 0.73 0.08 ± 0.01c 13.08 ± 0.57 0.038 ± 0.007 1.75 ± 0.15b

TDI + MO1 (100 mg/kg) 16.25 ± 0.84 0.12 ± 0.027c 13.6 ± 0.25 0.042 ± 0.007 1.79 ± 0.16b

TDI + MO2 (200 mg/kg) 14.97 ± 0.75 0.09 ± 0.011c 13.1 ± 0.67 0.042 ± 0.006 1.74 ± 0.07b

aValues are expressed as mean ± SEM (n = 8/regimen). Comparisons were made between Group-I (non-sensitized control) and Group-II

(sensitized control), and between Group-II and Groups-III (dexamethasone-treated), IV (MO1-treated), and V (MO2-treated).
b p < 0.01; c p < 0.001.

seen during asthma was observed to last 8–10 minutes in TDI-

control rats. The control, DEXA-, and MOEE-treated rats did

not show any signs of airway abnormality.

Effect of MOEE on Circulating Leukocyte Count
The number of total leucocytes, monocytes, and lymphocytes

did not significantly differ among all of the different treatment

groups. In contrast, the numbers of circulating eosinophils and

neutrophils in the blood were significantly decreased in MOEE-

and DEXA-treated rats as compared to those levels in TDI-

control rats (Table 3).

Effect of MOEE on BAL Cellular Content and Differentials
The total cells and each differential leukocyte count in BAL

fluid in TDI-sensitized rats were significantly elevated many fold

compared to those in unsensitized rats. However, treatment with

DEXA or MOEE induced significant reductions in these counts

(Table 4).

Effect of MOEE on Select Cytokine Levels in Serum
TNFα, IL-4, and IL-6 concentrations in the serum of TDI

control rats were all highly significantly increased compared to

those in unsensitized controls. Treatment with DEXA and MO2

caused significant reductions in the levels of IL-4 and IL-6. In

contrast, these treatments had no effect on TNFα levels. In addi-

TABLE 4

Total cells and differential leukocyte count in BAL fluid (×105 cells/ml)

Groups Total cells Eosinophils Lymphocytes Macrophages Neutrophils

Control 13.85 ± 0.48 0.05 ± 0.009 1.4 ± 0.13 12.3 ± 0.34 0.08 ± 0.017

TDI-control 47.95 ± 1.96c 1.54 ± 0.14c 4.17 ± 0.31c 42.17 ± 1.45c 0.87 ± 0.06c

TDI+DEXA (2.5 mg/kg) 17.34 ± 1.37c 0.26 ± 0.13c 1.33 ± 0.14c 15.52 ± 1.0c 0.23 ± 0.10b

TDI+MO1 (100 mg/kg) 20.82 ± 1.94c 0.84 ± 0.19a 3.07 ± 0.24a 16.58 ± 1.3c 0.43 ± 0.21

TDI+MO2 (200 mg/kg) 19.24 ± 1.69c 0.52 ± 0.21c 2.5 ± 0.36b 16.01 ± 1.1c 0.21 ± 0.02b

Values are expressed as mean ± SEM (n = 8/regimen). Comparisons were made between Group-I (non-sensitized control) and Group-II

(sensitized control), and between Group-II and Groups-III (dexamethasone-treated), IV (MO1-treated), and V (MO2-treated).
a p < 0.05; b p < 0.01; c p < 0.001.

tion, there were no effects whatsoever from the MO1 treatment

on any of the serum cytokine levels (Figures 1, 2, and 3).

Effect of MOEE on Select Cytokine Levels in BAL Fluid
The concentrations of BAL TNFα, IL-4, and IL-6 in TDI-

sensitized rats were highly significantly greater than those in

unsensitized controls. The MO2 treatment regimen significantly

reduced these levels to ones comparable to that obtained with

DEXA. Interestingly, there was no effect from the MO1 regimen

on TNFα and IL-4 levels (Figures 4, 5, and 6), although this

protocol did cause reductions in IL-6 levels compared to the

TDI-sensitized controls.

Effect of MOEE on Lipid Peroxidation as Reflected by
Malondialdehyde (MDA) Levels

Tissue MDA levels were found to be significantly increased

in the lungs of TDI-sensitized rats as compared to those in the

lungs of normal control rats. Treatment with the higher dosage of

MOEE produced very significant decreases in lung MDA levels.

Furthermore, these reductions led to MDA levels comparable to

those obtained when rats received the DEXA treatment (Table 5).

Effect of MOEE on Antioxidant Enzymes (Levels of SOD,
CAT and GSH)

Activities of superoxide dismutase and catalase, and the lev-

els of reduced glutathione were all highly significantly decreased
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FIG. 1. Serum TNFα levels in rats. ∗Value significantly different from non-

arthritic control (p < 0.001); value different from TDI-controls ($ p <0.05).

Values shown are the mean ± SEM from non-sensitized controls, sensitized

controls (DC), and treatment regimen rats (DEXA = dexamethasone; MO1 =
MOEE 100 mg/kg; MO2 = MOEE 200 mg/kg; n = 8 rats/group).

in TDI-sensitized animals as compared to those values seen in

unsensitized controls. The treatment with MOEE increased the

levels of each endpoint in a highly significant fashion as com-

pared to sensitized rats that received only vehicle. In fact, the

higher dosage treatment brought about values of SOD and GSH

to nearly those seen in the unsensitized controls (Table 5). In

general, among these three endpoints, effects on catalase ap-

peared the most resistant to large changes due to the MOEE

regimens.

Histolopathology Results
In TDI-control rats, a prominent infiltration of eosinophils,

total leukocyte infiltration and reduced lumen size was observed

in their lung tissues. Each treatment regimen showed a protective

effect as evidenced by the presence of much less or only mild

pathological changes (Figure 7).

DISCUSSION
The objective of this study was to evaluate the effect of

ethanolic extract of seeds of M. oleifera on TDI-induced

immune-mediated airway inflammation in Wistar rats. To eval-

FIG. 2. Serum IL-4 levels in rats. ∗Value is significantly different from non-

sensitized control (p < 0.001); value significantly different from TDI-controls

(@ p < 0.001, # p < .01). Values shown are the mean ± SEM from non-

sensitized controls, sensitized controls (DC), and treatment regimen rats (DEXA

= dexamethasone; MO1 = MOEE 100 mg/kg; MO2 = MOEE 200 mg/kg; n =
8 rats/group).

FIG. 3. Serum IL-6 level in rats. ∗Value is significantly different from non-

sensitized control (p < 0.001); value significantly different from TDI-controls

(# p < 0.01, $ p < 0.05). Values shown are the mean ±SEM from non-sensitized

controls, sensitized controls (DC), and treatment regimen rats (DEXA = dex-

amethasone; MO1 = MOEE 100 mg/kg; MO2 = MOEE 200 mg/kg; n = 8

rats/group).

uate this, an established animal model was used in which rats

were sensitized and provoked with TDI. This treatment with TDI

induces the onset of asthma-like symptoms, e.g., airway inflam-

mation, differential cell infiltration into local tissues of lungs and

airways, eosinophilia, and release of chemical mediators like tu-

mor necrosis factor (TNF)-α and interleukins (IL)-4 and -6.

Ayurveda has recommended a number of drugs from indige-

nous plants sources for the treatment of bronchial asthma and

other allergic disorders and has been successful in controlling

the disease as well (Zimmet and Tashkin, 2000). Large numbers

of medicinal plant preparations have been reported to possess

anti-asthmatic effects; these include Albizzia lebbeck (Tripathi

and Das, 1977), Tinospora cordifolia (Nayampalli et al., 1986),

Solanum xanthocarpum (Chitravanshi et al., 1990), Vitex ne-
gundo (Nair and Saraf, 1995), Tephrosia purpurea (Gokhale

et al., 2000), and Ganoderma tsugae (Lin et al., 2006). The ma-

jority of herbal products found to be useful in the management of

asthma in the experimental studies have yet to undergo clinical

trials. In the light of above facts, in-depth studies are required to

establish and make the best use of plant resources for the treat-

ment of bronchial asthma. In this connection, we have selected

the plant Moringa oleifera to reveal its potential usefulness in

FIG. 4. BAL fluid TNFα levels in rats. ∗Value is significantly different from

nonsensitized control (p < 0.001); value significantly different from TDI-

controls (# p < 0.01, $ p < 0.05). Values shown are the mean ± SEM from non-

sensitized controls, sensitized controls (DC), and treatment regimen rats (DEXA

= dexamethasone; MO1 = MOEE 100 mg/kg; MO2 = MOEE 200 mg/kg; n =
8 rats/group).
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FIG. 5. BAL fluid IL-4 levels in rats. *Value is significantly different from

control (p < 0.001); value significantly different from TDI-controls (@ p <

0.001). Values shown are the mean ± SEM from non-sensitized controls, sen-

sitized controls (DC), and treatment regimen rats (DEXA = dexamethasone;

MO1 = MOEE 100 mg/kg; MO2 = MOEE 200 mg/kg; n = 8 rats/group).

the prevention/amelioration of symptoms of asthma. This report

here is the first to examine the effects of this herbal plant in

TDI-induced immune-mediated responses in rats.

Chronic exposure to toluene diisocyanate (TDI), a low molec-

ular weight compound widely used as an industrial chemical,

has been associated with asthma (Berstein, 1982). Although the

pathogenesis of diisocyanate-induced asthma is still largely un-

known (Baur et al., 1994; Bolognesi et al., 2001), increasing ev-

idence from human and laboratory animal models has indicated

that the OA induced by TDI shares several features with aller-

gic asthma (Wisnewski and Redlich, 2001). Indeed intranasal

instillation of TDI resulted in systemic TH2-dominated immune

responses characterized by lower TH1 cytokines (IFNγ ) associ-

ated with a rise in TH2 cytokines (IL-4, IL-5, IL-6, and TNFα). It

also causes an allergic inflammation throughout the conducting

airways characterized by a proliferation of goblet cells and an

influx of eosinophils (Ban et al., 2006).

In the present study, the airway inflammation observed was in

agreement with respiratory hyperreactivity symptoms that were

similar to asthma noted by Abe et al. (1993). Moreover, a vari-

ety of inflammatory mediators, released through the activation

of many inflammatory and structural cells, result in the typi-

TABLE 5

Effect of MOEE on oxidative stress in TDI sensitized rats

Antioxidant enzymes
Pro-oxidant

SOD CAT (μmole H2O2 GSH MDA (μmole/

Treatment Groups (U/mg protein) consumed/min/mg protein) (μg/mg protein) mg protein)

Control (Distilled water) 3.57 ± 0.11 85.57 ± 2.4 9.53 ± 0.25 0.16 ± 0.04

TDI-control 3.26 ± 0.07c 35.83 ± 1.2c 4.44 ± 0.4c 0.31 ± 0.05c

TDI+DEXA (2.5 mg/kg) 3.61 ± 0.06c 61.57 ± 2.5c 10.7 ± 0.33c 0.18 ± 0.08b

TDI+MO1 (100 mg/kg) 3.33 ± 0.12 35.56 ± 1.5 8.93 ± 0.38c 0.31 ± 0.029

TDI+MO2 (200 mg/kg) 3.58 ± 0.09c 43.64 ± 1.6a 9.13 ± 0.31c 0.23 ± 0.018a

Values are expressed as mean ± SEM (n = 8/regimen). Comparisons were made between Group-I (non-sensitized control) and Group-II

(sensitized control), and between Group-II and Groups-III (dexamethasone-treated), IV (MO1-treated), and V (MO2-treated).
a p < 0.05; b p < 0.01; c p < 0.001.

FIG. 6. BAL fluid IL-6 levels in rats. *Value is significantly different from

control (p < 0.001); value significantly different from TDI-controls (@ p <

0.001, # p < 0.01, $ p < 0.05). Values shown are the mean ± SEM from

non-sensitized controls, sensitized controls (DC), and treatment regimen rats

(DEXA = dexamethasone; MO1 = MOEE 100 mg/kg; MO2 = MOEE 200

mg/kg; n = 8 rats/group).

cal pathophysiologic changes of asthma (Barnes, 1996; Barnes

et al., 1998). Activated eosinophils can release a variety of

cationic including major basic protein (MBP), eosinophil perox-

idase (EPO), eosinophil cationic protein (ECP) and eosinophil

derived neurotoxin (EDN) there is evidence from a number of

studies that these proteins can damage the respiratory epithelium

(Frigas et al., 1980; Motojima et al., 1989).

Recent evidence has indicated a possible correlation between

activation status of eosinophils and immune mediated responses

(Filipovic and Cekic, 2001). Seltzer and colleagues reported that

nonasthmatic subjects who had been exposed acutely to ozone-

developed airway hyperresponsiveness in association with air-

way neutrophilia (Seltzer et al., 1986; Wenzel et al., 1997).

Other clinical studies have since found that, measures of chronic

asthma severity, such as FEV1, correlate with the degree of neu-

trophilia in sputum or bronchial biopsy specimens (Jatakanon

et al., 1999; Louis et al., 2000). Neutrophilic inflammation in the

airway is also increasingly recognized in acute exacerbations of

asthma and in status asthmaticus (Sur et al., 1993; Ying et al.,

1997; Ordonez et al., 2000).
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FIG. 7. Histopathological effects from the various treatments. Lung tissue sections of treated and untreated TDI sensitized animals stained with hematoxylin-

eosin. (A) Shows normal view of lung pathology. (B) Shows typical damaged lung tissue from TDI-control group with total and differential leukocyte infiltration

(eosinophils), reduced lumen size. (C) Shows less leukocyte infiltration lumen size by dexamethasone treatment. (D) MO1 shows less leukocyte infiltration but

does not protected animal from other pathological features. (E) MO2 shows significant protection against leukocyte infiltration, and constriction of lumen size.

In our study we have found increase in levels of these cells in

blood of TDI-control rats, which were found to be decreased sig-

nificantly by drug treatment. On the other hand, Kouadio et al.

(2005) found that eosinophils and neutrophils were increased

17.2 and 4.6 times, respectively, in the BAL fluids of rats ex-

posed to 0.38 ppm TDI. In our study, animals in the TDI-control

group showed significant increases in the number of total and

differential leukocyte counts. This finding is consistent with data

reported by other researchers who previously described the in-

duction of asthma by TDI in the guinea pig model (Tanaka et al.,

1988). The findings of these current studies indicate that MOEE

alleviated bronchoalveolar inflammation by inducing decreases

in the infiltration of inflammatory cells and in the secretion of

inflammatory mediators into the airways.

With regard to the role of cytokines in the observed TDI re-

sponses, two recent animal studies have demonstrated that TDI

exposure leads to the release of TH2 cytokines in the lungs.

Plitnick et al. (2005), using molecular immunology, compared

cytokine mRNA responses in the auricular lymph nodes of

BALB/c mice following treatment with isocyanates. Kouadio

et al. (2005) exposed Wistar rats to TDI vapor (4 hr/d for 5 con-

secutive days) and then quantified IL-2, -4, and -6 levels in their

BAL fluid.

In these two studies, a significant increase in IL-4 levels was

noted in the airways of the TDI-exposed hosts as compared

to controls. The findings of these studies also indicated that

a short period of repeated exposure to TDI caused respiratory

hypersensitivity in which airway inflammatory and immuno-

logical events, represented in part by eosinophil infiltration and

increases in the levels of select TH2 cytokines, may have played

an important role. These latter findings build upon those from a

study by Ban et al. (1997) in which it was noted that the levels

of TNFα and IL-6 were increased in the BAL fluid of pigs after

exposure to TDI.

TNFα may have an important amplifying effect in immune-

mediated inflammation (Kips et al., 1992). There is evidence

for increased TNFα expression in asthmatic airways (Bradding

et al., 1994), and IgE triggering in sensitized lungs leads to

increased TNFα expression in epithelial cells in both the rat

and human lung (Ohno et al., 1990; Ohkawara et al., 1992).

TNFα is also present in bronchoalveolar lavage fluid obtained

from asthmatic patients (Broide et al., 1992). Infusion of TNFα

causes increased airway responsiveness in Brown-Norway rats

(Kips et al., 1992). Our results indicated that while TNFα was

predominantly secreted into the serum as well as the BAL fluid of

TDI-control rats, MOEE supplementation inhibited its secretion

into the lungs only.

IL-4 was reported to be produced by CD41 and CD81

T-lymphocytes, eosinophils, and mast cells in both atopic and

nonatopic asthma (Bradding et al., 1994; Ying et al., 1997). IL-4

is well known to be required for the priming of TH2 cells; it pro-

motes the production of IgE antibodies that play a key role in the
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elicitation of immediate hypersensitivity reactions associated

with respiratory allergy. IL-4 receptor blockade prevents the

development of antigen-induced airway hyperreactivity, goblet

cell metaplasia, and pulmonary eosinophilia in a mouse model

(Gavett et al., 1995). While the significant increase of IL-4

production in the serum and airways of TDI-exposed rats in

this study is consistent with the findings of previous studies

on TDI-induced occupational asthma (Dearman et al., 1996;

Maestrelli et al., 1997), our findings indicate that treatment

with the MOEE resulted in significant decrease in this expected

production of IL-4.

IL-6 has been reported to have activities on a wide range of

cellular processes, including T-lymphocyte activation and im-

munoglobulin production by B-lymphocytes; as such, it can

also enhance IL-4-dependent IgE synthesis. There is evidence

for increased release of IL-6 from alveolar macrophages from

asthmatic patients after allergen challenge and increased basal

release, compared with nonasthmatic subjects (Gosset et al.,

1991). IgE-dependent triggering stimulates the secretion of IL-

6 from both blood monocytes and alveolar macrophages in vitro
(Broide et al., 1991). Increased levels of IL-6 were also detected

in the nasal washings from children after rhinovirus infection

(Zhu et al., 1996). In TDI-exposed rats, the level of IL-6 was

found to be increased in the BAL itself and in isolated cells cul-

tured in vitro (Zheng et al., 2001a). In the current studies, the

increases in expected IL-6 levels were ameliorated significantly

by treatments with the MOEE extract.

Oxidative stress plays an important role in the pathogenesis

of airway diseases, particularly when inflammation is promi-

nent (Paredi et al., 2002). Inflammatory and immune cells

in the airways, such as eosinophils, monocytes/macrophages,

neutrophils, and release increased amounts of reactive oxygen

species (ROS) in asthmatic patients (Sedgwick et al., 1990;

Kanazawa et al., 1991). It is reported that the generation of ROS

in the lungs is enhanced after exposure to exogenous chemical

agents including TDI (Janssen et al., 1993). In our study, an in-

creased level of tissue malondialdehyde (MDA) and decreased

activities of both select antioxidant enzymes and in levels of re-

duced glutathione (GSH) were observed in TDI-sensitized rats.

This increased degree of lipid peroxidation is expected, and is

known to, correlates with changes in the degree of airway ob-

struction (Montuschi et al., 2000).

Decreased levels of superoxide dismutase (SOD; De Raeve

et al., 1997; Tekin et al., 2000; Shanmugasunaram et al.,

2001), catalase (Navak et al., 1991) and GSH (Li et al., 1994)

in the lungs of asthmatics have been reported. Studies by

Varshavski et al. (2003) had revealed suppressed activity of

SOD and catalase, as well as reductions in the levels of reduced

glutathione in patients with bronchial asthma. Both SOD and

catalase play important roles in the detoxification of superoxide

anion and H2O2, respectively, thereby protecting cells against

free radical-induced damage (Wood et al., 2003). Reduced

glutathione (GSH), in conjunction with glutathione peroxidase

(GPx) and glutathione-S-transferase (GST) play a central role

in the defense against free radicals, peroxides, and a wide range

of xenobiotics (Rahman et al., 2006).

Furthermore, increases in dietary antioxidant status particu-

larly that of α-tocopherol, correlated with lower levels of lipid

peroxidation and improved lung function (Britton et al., 1995).

A beneficial link between polyphenol intake and lower dis-

ease risk is likely, with many of the clinical benefits being at-

tributed to both their antioxidant and anti-inflammatory prop-

erties (Arts and Hollman, 2005). MOEE have been purported

to be a rich source of antioxidants, including flavanoids and

polyphenolic compounds (Sanchez et al., 2006) that may in-

hibit inflammatory cytokine release. The results obtained here

were consistent with the work of Culpitt et al. (2003). Specifi-

cally, treatment with the higher dosage of MOEE significantly

reduced MDA levels, and significantly improved antioxidant en-

zymes levels as compared to those levels seen in TDI- con-

trol rats, and more toward those seen with the unsensitized

controls.

The results of this study were consistent with the work of sev-

eral other investigators in determining the effectiveness of se-

lect natural products against inflammation-related pathologies

in the lungs. For example, Singh et al. (2000) demonstrated

that Elaeocarpus sphaericus fruits possessed both mast-cell

stabilizing activity and an efficacy against bronchial asthma.

Lin et al. (2006) have shown that Ganoderma tsugae alle-

viated bronchoalveolar inflammation in an airway sensitiza-

tion and challenge mouse model. Ishimitsu et al. (2001) re-

ported effects of a traditional Japanese medicine, Bu-zhong-yi-

qi-tang, against allergic asthma in mice. Benzylisothiocyanate

has been noted for its antiinflammatory activity (Das et al.,

1958). Our findings suggest that MOEE (specifically at a dose of

200 mg/kg BW) suppresses airway hyperreactivity symptoms.

It also alleviates bronchoalveolar inflammation by decreas-

ing the infiltration of both total and differential inflammatory

cells (particularly eosinophils and neutrophils) and the release

of inflammatory mediators into the local tissues of lungs and

airways.

It is important to also note that, in the present study, a crude

ethanolic extract of seeds of Moringa oleifera, and not any

one purified compound, was used. Qualitative phytochemical

investigation of MOEE here and by other investigators has

shown the presence of various active components (see Tables 1

and 2). We have also succeeded in isolating benzylisothiocynate

from this extract. The active principle(s) listed in the tables

might be responsible for one or more mechanisms for the

anti-inflammatory activities observed here. Clearly, further

investigations are required (and ongoing) to verify this and

to further characterize the composition of the extract by

activity-guided fractionation. These results, using an antecedent

approach, provide evidence that the consumption of certain

common plants may have the potential to inhibit the chemically

stimulated release of cytokines and justify the rationale behind

the use of Moringa oleifera in the treatment of respiratory tract

infection, rhinitis, and bronchial relaxation.
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