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ABSTRACT. Purpose: Atopic dermatitis (AD) is a chronically relapsing, pruritic, eczematous skin disorder accom-
panying allergic inflammation. AD is triggered by oxidative stress and immune imbalance. The effect of oral
arjunolic acid (AA) on 2,4-dinitrochlorobenzene (DNCB)-induced atopic dermatitis in mice was investigated. Meth-
ods: Repeated epicutaneous application of DNCB to the ear and shaved dorsal skin of mice was performed to induce
AD-like symptoms and skin lesions: 250mg/kg AA was given orally for three weeks to assess its anti-pruritic effects.
Serum levels of tumor necrosis factor (TNF)-�, interleukin (IL)-4, IL-6, IL-10, immunoglobulin (Ig)E and caspase-3
were assessed by ELISA. Results: We found that AA alleviated DNCB-induced AD-like symptoms as quantified by
skin lesions, dermatitis score, ear thickness and scratching behavior. Levels of reactive oxygen species in the AA
group were significantly inhibited compared with those in the DNCB group. In parallel, AA blocked a DNCB-
induced reduction in serum levels of IL-4 and IL-10 associated with an attenuation of DNCB-induced increases in
serum TNF-�, IL-6, IgE and caspase-3. Conclusions: The results indicate that AA suppresses DNCB-induced AD
in mice via redox balance and immune modulation, and could be a safe clinical treatment for AD.
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topic dermatitis (AD) is a chronic inflammatory skin dis-
ase that is increasingly common in infants and children
1]. The incidence of AD has increased dramatically, espe-
ially in industrialized countries, affecting approximately
% to 5% of the adult population in the western world,
nd 30% of the worldwide pediatric population [2]. It is
haracterized by dryness, hyperkeratosis and fissures due
o elevated serum immunoglobulin E (IgE) levels, leading
o defective skin barriers and infiltration of inflammatory
ells, such as lymphocytes, macrophages, eosinophils, and
ast cells [3]. For many years, therapeutic strategies for
D have been dominated by local or systemic corticos-

eroids [4] However, they have many undesirable effects
5]. The search for new agents active against dermatitis
s thus of great interest: naturally occurring products pro-
ide an important source of a wide range of potential new
gents.

he plant Terminalia arjuna (Combretaceae) has been
tudied primarily for its medicinal uses. One of its con-
tituents, present in the bark, is arjunolic acid, which is
natural, pentacyclic triterpenoid saponin that has potent

ntioxidant activity [6] Arjunolic acid has been shown to

ossess protective activities in many organ pathophysiolo-
ies such as sodium nitrite-induced cardiac toxicity [7],
ype 1 diabetes-induced vascular inflammation [8], and
isplatin-induced testicular toxicity [9]
Although, arjunolic acid is known to have protective
effects against several inflammatory diseases, no previous
work has studied its effect in AD. We used a 1-chloro-
2,4-dinitrobenzene (DNCB) model of AD in mice to
investigate the effects of arjunolic acid in AD, as well as its
effect on oxidative stress, cytokine balance and caspase-3.

METHODS & MATERIALS

Animals and treatment outlines

The animal protocol was approved by the local ethics com-
mittee. Four-week-old BALB/c mice were housed under
specific pathogen-free conditions at 22 ± 2◦C with a 12-h
light-dark cycle. AD-like skin lesions were induced in mice
using DNCB. Briefly, the dorsal hair was removed. After
24 hours, 100 �L of 1% DNCB solution (acetone:olive oil,
3:1) was applied to the back skin, and 10 �L were applied
to each of the face and the back of both ears (day4) for sen-
sitization. Five days after dorsal hair removal, 0.2% DNCB
was applied to challenge the dorsal skin (150 �l), face, and
the back of both ears (10 �L each), three times a week for

three weeks. Mice were allocated to the following groups
each of which comprised 10 mice:
– control group : mice received the standard diet, and
received no treatment.
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Figure 1
Effect of arjunolic acid on DNCB-induced atopic dermatitis (AD) in mice. (A) Experimental design. (B) Images of skin lesions from the different
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roups of mice were taken on the last day of the experiment. (C) Par
xamination showed that there was a pronounced acanthosis of the
D group. A variable decrease was noted in the group treated with a

arjunolic acid-treated control group (250 mg/kg):
ice were supplemented with 250mg/kg arjunolic acid

Hangzhou Dayangchem, Zhejiang, China), dissolved in
hosphate-buffered saline (pH 7.4), given by oral gavage,
aily for three weeks.

DNCB-induced AD group: mice were treated with
NCB as described above.

arjunolic acid-treated group: mice were treated with

NCB for three weeks, followed by oral administration
f 250 mg/kg of arjunolic acid for another three weeks.

he experiment design is summarized in figure 1A.
bedded sections of mice skin stained with H&E stain. Histological
is (broad arrows) and infiltration by mast cells (thin arrows) in the

ic acid.

Measurement of scratching frequency

Mice were placed into cages and the number of scratch-
ing frequency was counted over a 10-minute period. This
measurement was repeated five times during the last two
days.

Skin lesions, dermatitis score and ear thickness

To compare any improvements of the condition of the skin

following treatment with arjunolic acid, mice were anes-
thetized and photographs were taken on the last day of
the study, just before sacrifice. The dermatitis score was
measured once a week. Scores of 0 (none), 1 (mild), 2
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ffect of atopic dermatitis (AD) alone and in combination with arj
ermatitis scores (B) and ear thickness (C). *: significant differen
ompared with the AD group at p<0.05.

moderate), and 3 (severe) were given for each of the four
ymptoms: (i) erythema/hemorrhage, (ii) edema, (iii) exco-
iation/erosion, and (iv) scaling/dryness. A total dermatitis
core, indicating clinical severity, was defined as the sum
f all scores (maximum score: 15). Mouse ear thickness
as also measured and recorded once a week using a

aliper.

nimal sacrifice and collection of samples

he animals were sacrificed by decapitation. Trunk blood
as collected and centrifuged at 3000 rpm for five minutes.
erum samples were separated and stored at -80◦C.

orphological analysis of skin tissue

he skin samples were cut, fixed in 10% buffered forma-
in and embedded in paraffin. Five micrometer thickness
ections were cut and stained with Mayer’s hematoxylin
nd eosin (H&E) for examination using a Nikon Digital
amera (Japan).

ssessment of oxidative stress

erum malondialdhyde (MDA) concentrations were mea-
ured as described previously [10, 11]. Briefly, after
recipitation of the proteins by trichloroacetic acid,
hiobarbituric acid was reacted with MDA to form thio-

arbituric acid-reactive substances, which were measured
t 532 nm.
lood reduced glutathione (GSH) concentrations were
easured as described previously [12] This assay depends
acid (250 mg/kg/day) on scratching frequency per 10 minutes (A),
pared with the control groups at p<0.05. #: significant difference

on the reduction of 5,5′-dithiobis(2-nitrobenzoic acid)
(DTNB) by glutathione, which forms a yellow anion that
can be measured at 412 nm.

ELISA

The serum levels of the biochemical parameters were
measured by ELISA using commercially available tumor
necrosis factor (TNF)-�, interleukin (IL)-6 and caspase-
3 ELISA kits (eBioscience Inc., San Diego, CA,
USA).

Estimation of IgE concentration

IgE was determined on Vidas instruments (bioMérieux,
Inc., Durham, NC, USA).

Statistical analysis

For descriptive statistics of quantitative variables, the
mean ± standard error was used. Normality of the sample
distribution of each continuous variable was tested with
the Kolmogorov–Smirnov (K–S) test. One-way analysis
of variance (ANOVA) was used to compare the means
between groups. Once differences between the means

were found, post hoc Bonferroni correction tests were
calculated. Statistical computations were performed using
Microsoft Excel 2007. Statistical significance was prede-
fined as P≤0.05.
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Table 1
Differential WBC counts for different groups studied (mean ± SE):

Control Control + arjunolic acid Atopic dermatitis Atopic dermatitis + arjunolic acid

WBCs 5.36 ± 0.48 5.14 ± 0.42 13.1 ± 0.29* 9.74 ± 0.63*#

Neutrophils 1.46 ± 0.11 1.42 ± 0.12 4.29 ± 0.32* 1.93 ± 0.12#

Lymphocytes 3.46 ± 0.39 3.49 ± 0.31 5.47 ± 0.69* 6.27 ± 0.43*

Monocytes 0.36 ± 0.03 0.37 ± 0.03 1.56 ± 0.48* 0.81 ± 0.05*#

Eosinophils 0.063 ± 0.019 0.059 ± 0.027 0.83 ± 0.12* 0.445 ± 0.015*#

Basophils 0.013 ± 0.003 0.013 ± 0.002 0.97 ± 0.075* 0.3 ± 0.03*#
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Figure 3
Effect of atopic dermatitis (AD) alone and in combination with
arjunolic acid (250 mg/kg/day) on serum levels of malondialdehyde
(MDA, A) and reduced glutathione (B). *: significant difference com-
pared with the control groups at p<0.05. #: significant difference
: significant difference compared with the control groups at p<0.05.
: significant difference compared with atopic dermatitis group at p<0.05.

ESULTS

rjunolic acid attenuated DNCB-induced AD-like
ymptoms

n last day, the ear and dorsal skin of the AD mice showed
evere erythema, erosion and dryness that had been ame-
iorated by treatment with arjunolic acid (figure 1B). In
ddition, DNCB treatment resulted in significant increase
n the number of scratches (18.7 ± 1.2 scratches/10min) as
ompared with the control groups (figure 2A). The dermati-
is score was significantly higher in DNCB-treated mice
5.1 ± 0.42) compared with control animals (0.4 ± 0.03)
figure 2B). Ear thickness had gradually increased in AD
ice (0.23 ± 0.018 mm) compared with control mice

0.034 ± 0.004 mm) (figure 2C). In parallel, microscopic
xamination of skin sections stained with H/E showed pro-
ounced acanthosis of the epidermis and infiltration by
ast cells in the AD group (1c). However, treatment with

rjunolic acid markedly attenuated the DNCB-induced
D-like symptoms in the DNCB group, without affecting

he control group.

ffect of arjunolic acid on differential white blood
ell (WBC) count

s shown in table 1, AD resulted in a significant increase
n total and differential WBC counts as compared with the
ontrol group. The arjunolic acid-treated group showed
ignificant decreases in all WBC counts as compared with
he AD group, without affecting the control group.

rjunolic acid blocked AD-induced enhancement in
xidative stress

D caused significant increases in the serum levels
f MDA (9.13 ± 0.11 nmol/mL), as well as signifi-
ant decreases in the reduced glutathione concentrations
0.13 ± 0.002 mmol/L) compared with the control group
3.98 ± 0.07nmol/mL and 0.45 ± 0.028 mmol/L, respec-
ively). Arjunolic acid-treated mice showed a significant
eduction in MDA levels (5.18 ± 0.12 nmol/mL) and sig-

ificant increases in concentrations of reduced glutathione
0.24 ± .029 mmol/L) compared with the AD group, with-
ut affecting the control group (3.84 ± 0.09 nmol/mL and
.46 ± 0.031 mmol/L, respectively) (figure 3).
compared with the AD group at p<0.05.

Arjunolic acid inhibited AD-induced increases in IgE

As shown in figure 4A, AD significantly increased the
serum level of IgE (36.1 ± 0.55 U/mL) as compared
with the control mice (13.63 ± 1.2 U/mL). Treatment of
mice with arjunolic acid significantly reduced the elevated
serum IgE in the AD group (25.8 ± 0.81 U/mL), without
affecting the control mice (13.98 ± 1.14 U/mL).

Arjunolic acid reversed the AD-induced increase in
serum pro-inflammatory cytokines
As regards proinflammatory cytokines, as demonstrated in
figures 4B, C, we found a significant increase in serum
concentrations of TNF-� (262.82 ± 20.57 pg/mL) and IL-
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Effect of atopic dermatitis (AD) alone and in combination with arjunolic acid (250 mg/kg/day) on serum levels of immunoglobulin (Ig)E (A),
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umor necrosis factor (TNF)-� (B) and interleukin (IL)-6 (C) in mic
ignificant difference compared with the AD group at p<0.05.

(304.7 ± 19.9 pg/mL) in the AD group compared with
he control group (110.26 ± 5.52 and 178.2 ± 9.5 pg/mL,
espectively). The treatment of AD mice with arjunolic
cid resulted in significant reductions in serum TNF-�
166.92 ± 6.27 pg/mL) and IL-6 (239.4 ± 21.2 pg/mL),
ompared with the AD group, although levels were still
ignificantly higher than in the control group: arjunolic
cid did not affect the control group (107.7 ± 9.98 and
71.4 ± 11.4 pg/mL, respectively).

rjunolic acid reversed the AD-induced increase in
erum anti-inflammatory cytokines

e measured the effect of both AD and arjunolic acid
n the serum levels of anti-inflammatory ctyokines. We
ound a significant reduction in serum concentrations of
L-4 (76.8 ± 5.4 pg/mL) and IL-10 (59.59 ± 2.38 pg/mL)
n the AD group compared with the control group
149.7 ± 11.8 and 292.83 ± 6.46 pg/mL, respectively).
he treatment of AD mice with arjunolic acid resulted in
ignificant increases in serum IL-4 (116.8 ± 9.5 pg/mL)
nd IL-10 (151.52 ± 8.4 pg/mL) compared with the
D group, and it did not affect the control group

152.4 ± 8.7 and 301.1 ± 10.5 pg/mL, respectively).

owever, the serum levels of anti-inflammatory cytokines

n AD mice treated with arjunolic acid were still
ignificantly lower than those in the control group
figure 5).
gnificant difference compared with the control groups at p<0.05. #:

Arjunolic acid inhibited AD-induced activation of
the apoptotic pathway

Next, we investigated the effect of both AD and arjunolic
acid on serum caspase-3 (figure 6). AD caused sig-
nificant increases in serum levels of cleaved caspase-3
(12.57 ± 0.44 U/mL) when compared with the control
group (8.05 ± 0.53 U/mL). Treatment with arjunolic acid
resulted in a significant reduction in the serum activity of
caspase-3 (10.41 ± 0.21U/mL), but it did not affect the
control group (7.97 ± 0.48 U/mL).

DISCUSSION

A defective skin barrier that allows increased allergen
and pathogen penetration characterizes AD, an important,
common, chronic or relapsing inflammatory disease of
the skin that often precedes asthma and allergic disor-
ders [13] Application of DNCB onto mice skin results in
AD-like symptoms that include significant increases in ear
thickness, dermatitis score and scratching frequency, when
compared with the control group. DNCB and other haptens
provide a useful model for epicutaneous allergen exposure
through intact or disturbed skin.
A major problem with AD is that it is a common inflam-

matory skin disorder and the agents used as treatment
such as steroids and antihistaminic drugs can have severe
side effects, which reduce the length of time they can
be used, and limit their clinical application. Therefore, a
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E nolic acid (250 mg/kg/day) on serum levels of interleukin (IL)-4 (A) and
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Figure 6
Effect of atopic dermatitis (AD) alone and in combination with
ffect of atopic dermatitis (AD) alone and in combination with arju
L-10 (B) in mice. *: significant difference compared with the contro
t p<0.05.

ood deal of research is being done to find new treatments
o reduce the inflammatory response. Various experimen-
al and clinical investigations have reported that natural
mmune modulators from herbal extracts or derivatives

ay have therapeutic effects in AD [1]. In this study, we
sed arjunolic acid, which has been shown to have an anti-
nflammatory action in different body organs [7, 8, 14].
n addition, treatment of AD mice with arjunolic acid
as been shown to significantly alleviate DNCB-induced
ncreases in ear thickness, dermatitis score and scratching
requency. Although, arjunolic acid has been reported to
ffecting arachidonic acid metabolism through inhibition
f cyclooxygenase [15], this is the first study that illustrates
he protective role of arjunolic acid in DNCB-induced AD.
ree radicals mediate lipid peroxidation, which is con-
idered to be the main mechanism of cell membrane
estruction [16]. Such lipid hydroperoxides decompose
nder physiological conditions to generate highly cyto-
oxic aldehydes, in particular MDA. However, we have
ound significant increases in MDA and significant
ecreases in reduced glutathione levels in AD mice
ndicating that AD is an oxidative stress-mediated dis-
ase. Treatment with the antioxidant, arjunolic acid,
ignificantly reduces AD-induced oxidative stress that is
ssociated with inhibition of peak AD symptom severity.
he antioxidant effects of arjunolic acid are thought to be
ainly due to its ability to scavenge oxygen-derived free

adicals and to chelate metal ions [15].
wo hypotheses concerning the causes AD have been
roposed; the first hypothesis suggests an immunological
isturbance that leads to IgE-mediated sensitization, with
pithelial barrier dysfunction [16]. The second implicates
n intrinsic defect in the epithelial cells leading to barrier
ysfunction [17]. The immunological features are consid-
red to be an epiphenomenon. IgE expression is known
o cause both acute and chronic phase skin inflamma-
ion. In addition, clinical observations suggest a correlation
etween serum IgE and the extent of disease [18]. Patients
uffering from AD are known to exhibit elevated serum
evels of total IgE [19]. In addition, TNF-� is essential

ediator of AD [20, 21]. Therefore, the upregulation of

otal serum IgE and TNF-� levels are hallmarks of AD [22].
n the present study, the concentrations of serum IgE and
NF-� fell following treatment with arjunolic acid as com-
ared to the DNCB group. Arjunolic acid has been reported
arjunolic acid (250 mg/kg/day) on serum levels of caspase-3 in mice.
*: significant difference compared with the control groups at p<0.05.
#: significant difference compared with the AD group at p<0.05.

to affect arachidonic acid metabolism through inhibition
of cyclooxygenase [15]. We found that arjunolic acid sig-
nificantly reversed the DNCB-induced reduction of serum
levels of anti-inflammatory cytokines, IL-4 and IL-10, in
mice.
Activation of the MAPK signaling pathway ultimately
results in direct or indirect phosphorylation and/or acti-
vation of NF-�B, as well as alterations in gene expression
[23]. We found that treatment with arjunolic acid signif-
icantly reduced cleaved caspase-3 levels in the DNCB
group. Arjunolic acid has been reported to block both
extrinsic and intrinsic cell death in sodium nitrite-induced
cardiac damage [7], cadmium-induced hepatic damage
[24] and acetaminophen-induced renal injury [25].

CONCLUSION

We have shown for the first time that arjunolic acid
can ameliorate DNCB-induced AD-like symptoms via
multiple mechanisms, such as: (1) reducing AD-induced

oxidative stress; (2) blocking AD-induced expression
of IgE; (3) attenuating AD-induced increases in serum
pro-inflammatory cytokines such as TNF-� and IL-6;
(4) attenuating AD-induced reductions in serum anti-
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nflammatory cytokines such as IL-4 and IL-10; and (5)
locking AD-induced expression of the apoptotic marker
aspase-3. The mechanisms of action of arjunolic acid
n DNCB-induced AD-like symptoms are summarized in
gure 7. Clinical trials of arjunolic acid in human patients
ill be needed. We believe that our experimental results

an be readily translated to clinical use, as arjunolic acid
s a natural food supplement and could be easily added to
atient protocols.

isclosure. Financial support: Deanship of Scientific Research
DSR), University of Tabuk, Tabuk, Saudi Arabia, under grant
umber S-1436-0076. Conflict of interest: none.

EFERENCES

1. Kim H, Kim JR, Kang H, et al. 7,8,4’-Trihydroxyisoflavone Attenu-

ates DNCB-Induced Atopic Dermatitis-Like Symptoms in NC/Nga
Mice. PloS ONE 2014; 9: e104938.

2. Williams H, Robertson C, Stewart A, et al. Worldwide variations
in the prevalence of symptoms of atopic eczema in the International
lic acid against 2,4-dinitrochlorobenzene-induced atopic dermatitis-

Study of Asthma and Allergies in Childhood. J Allergy Clin Immunol
1999; 103(1 Pt 1): 125-38.

3. Marsella R, Olivry T, Carlotti DN, International Task Force on
Canine Atopic D. Current evidence of skin barrier dysfunction in
human and canine atopic dermatitis. Vet Dermatol 2011; 22: 239-48.

4. Blume-Peytavi U, Wahn U. Optimizing the treatment of atopic
dermatitis in children: a review of the benefit/risk ratio of methylpred-
nisolone aceponate. J Eur Acad Dermatol Venereol 2011; 25: 508-15.

5. Hengge UR, Ruzicka T, Schwartz RA, Cork MJ. Adverse effects
of topical glucocorticosteroids. J Am Acad Dermatol 2006; 54: 1-15,
quiz 16-18.

6. Ghosh J, Sil PC. Arjunolic acid: a new multifunctional therapeutic
promise of alternative medicine. Biochimie 2013; 95: 1098-109.

7. Al-Gayyar MM, Al Youssef A, Sherif IO, Shams ME, Abbas A.
Protective effects of arjunolic acid against cardiac toxicity induced

by oral sodium nitrite: effects on cytokine balance and apoptosis. Life
Sci 2014; 111: 18-26.

8. Manna P, Sil PC. Impaired redox signaling and mitochondrial uncou-
pling contributes vascular inflammation and cardiac dysfunction



Journal Identification = ECN Article Identification = 0364 Date: October 13, 2015 Time: 11:0 am

R
ole of arjunolic acid in atopic dermatitis

in type 1 diabetes: Protective role of arjunolic acid. Biochimie
2012; 94: 786-97.

9. Sherif IO, Abdel-Aziz A, Sarhan OM. Cisplatin-Induced Testicular
Toxicity in Rats: The Protective Effect of Arjunolic Acid. J Biochem
Mol Toxicol 2014; 28: 515-21.

10. Tayel A, Abd El Galil KH, Ebrahim MA, Ibrahim AS, El-Gayar AM,
Al-Gayyar MM. Suramin inhibits hepatic tissue damage in hepato-
cellular carcinoma through deactivation of heparanase enzyme. Eur
J Pharmacol 2014; 72: 8151-60.

11. Darweish MM, Abbas A, Ebrahim MA, Al-Gayyar MM. Chemo-
preventive and hepatoprotective effects of Epigallocatechin-gallate
against hepatocellular carcinoma: role of heparan sulfate proteogly-
cans pathway. J Pharm Pharmacol 2014; 66: 1032-45.

12. Beutler E, Duron O, Kelly BM. Improved method for the determina-
tion of blood glutathione. J Lab Clin Med 1963; 61: 882-8.

13. Boguniewicz M, Leung DY. Atopic dermatitis: a disease of altered
skin barrier and immune dysregulation. Immunol Rev 2011; 242: 233-
46.

14. Yang MH, Ali Z, Khan IA, Khan SI. Anti-inflammatory activity of
constituents isolated from Terminalia chebula. Nat Prod Commun
2014; 9: 965-8.

15. Hemalatha T, Pulavendran S, Balachandran C, Manohar BM,
Puvanakrishnan R. Arjunolic acid: a novel phytomedicine with

multifunctional therapeutic applications. Indian J Exp Biol
2010; 48: 238-47.

16. Sivaranjani N, Rao SV, Rajeev G. Role of reactive oxygen species and
antioxidants in atopic dermatitis. J Clin Diagn Res 2013; 7: 2683-5.
45

17. Bieber T. Atopic dermatitis. N Engl J Med 2008; 358: 1483-94.

18. Peroni DG, Bodini A, Corradi M, Coghi A, Boner AL, Piacentini
GL. Markers of oxidative stress are increased in exhaled breath
condensates of children with atopic dermatitis. Br J Dermatol
2012; 166: 839-43.

19. Ott H, Stanzel S, Ocklenburg C, Merk HF, Baron JM, Lehmann
S. Total serum IgE as a parameter to differentiate between intrin-
sic and extrinsic atopic dermatitis in children. Acta Derm Venereol
2009; 89: 257-61.

20. Behniafard N, Gharagozlou M, Farhadi E, et al. TNF-alpha single
nucleotide polymorphisms in atopic dermatitis. Eur Cytokine Netw
2012; 23: 163-5.

21. Auriemma M, Vianale G, Amerio P, Reale M. Cytokines and T cells
in atopic dermatitis. Eur Cytokine Netw 2013; 24: 37-44.

22. Arshad SH, Holgate S. The role of IgE in allergen-induced inflamma-
tion and the potential for intervention with a humanized monoclonal
anti-IgE antibody. Clin Exp Allergy 2001; 31: 1344-51.

23. Guo LY, Hung TM, Bae KH, et al. Anti-inflammatory effects of
schisandrin isolated from the fruit of Schisandra chinensis Baill. Eur
J Pharmacol 2008; 591: 293-9.

24. Pal S, Pal PB, Das J, Sil PC. Involvement of both intrinsic and
extrinsic pathways in hepatoprotection of arjunolic acid against
cadmium induced acute damage in vitro. Toxicology 2011; 283:

129-39.

25. Ghosh J, Das J, Manna P, Sil PC. Acetaminophen induced renal
injury via oxidative stress and TNF-alpha production: therapeutic
potential of arjunolic acid. Toxicology 2010; 268: 8-18.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


