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Abstract
Background and Objective: Inflammation is increasingly found to be involved in the development of several chronic diseases. Although
steroidal anti-inflammatory drugs and NSAIDs are currently used to treat inflammation, these drugs have not been entirely successful and
are accompanied by unexpected side effects. The aim of this study was to carry out phytochemical screening and to evaluate analgesic
effect and anti-inflammatory activities of the methanolic stem bark extract of  Acacia  nilotica.  Materials and Methods: Phytochemical
screening  was  done  using  standard  methods,  analgesic  effect  was  evaluated  using  acetic  acid  induced  writhing test, while the
anti-inflammatory activity of the extract was done using formalin induced hind paw edema model. Results: The results for the
phytochemical screening showed the presence of all the phytochemicals screened except steroids. The stem bark extract at the tested
doses produced a significant percentage inhibition of the acetic  acid  induced  abdominal  constriction  of  41.38,  55.17 and 67.24%,
respectively. The three doses of the extract also significantly (p<0.05) inhibited formalin induced paw edema in a time and dose
dependent manner. Conclusion: The result of the present study signified the potential of  Acacia  nilotica  stem bark as a source of
therapeutic agents, which might provide leads in the ongoing search for analgesic and anti-inflammatory agents from plants.
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INTRODUCTION

Inflammation is an orchestrated biological process,
induced by microbial infection or tissue injury. A major trigger
of inflammation is the recognition of microbes by specific
receptors of the innate immune system, which play a crucial
role in the induction of early signals initiating and establishing
the inflammatory setting1. It is a protective attempt by the
organism to remove the injurious stimuli as well as initiate the
healing process for the tissue. 

The activities of a number of regulatory enzymes (e.g.,
protein tyrosine kinases, protein kinase C, phosphodiesterase,
phospholipase A2, lipoxygenases and cyclo-oxygenase) are
essential to inflammation and the immune response. These
enzymes are central to the activation of endothelial cells and
numerous other specialized cells involved in inflammation.
Cyclo-oxygenase (COX) is an enzyme that plays a very
important role as inflammatory mediator and is involved in the
release of arachidonic acid, which is a precursor for
biosynthesis of eicosanoids like prostaglandins and
prostacyclin2. 

Inflammation is increasingly found to be involved in the
development of several chronic diseases such as
arteriosclerosis, obesity, diabetes, neurodegenerative diseases
and even cancer3-6. Although steroidal anti-inflammatory
drugs and NSAIDs are currently used to treat acute
inflammation,  these  drugs  have  not  been  entirely
successful in curing chronic inflammatory disorders  while
such compounds are accompanied by unexpected side
effects. Therefore,  there  is  an  urgent  need  to  find  safer
anti-inflammatory  compounds7. Traditional medicine has
used extracts of different plants for the treatment of a wide
variety of disorders including acute and chronic inflammation. 

Acacia  nilotica  (L.) Willd. ex Del. also known as Gum
Arabic tree, Babul, Egyptian thorn or prickly Acacia is
multipurpose tree. Acacia species are widespread in Africa and
Asia and occurs in Australia and Kenya. Indian gum Arabic tree
is found in well-watered Sahelian and Sudanian savannas to
the southern Arabian Peninsula, East Africa and in the Gambia,
the Sudan, Togo, Ghana and Nigeria. It is widely cultivated in
the Indian sub-continent and also found on lateritic soil in the
Himalayan foothills in India8. It is a pioneer species, relatively
high in bioactive secondary compound and is important for a
variety of functions. It is economically used as a source of
tannins, gums, timber, fuel and fodder. In Nigeria, the plant is
traditionally used to treat infections such as diarrhoea,
dysentery, oxidative stress, intestinal pains, ulcer, cold,
haemorrhages,  tuberculosis,  congestion,  coughs and
fever9,10.

Although steroidal anti-inflammatory drugs and NSAIDs
are currently used to treat inflammation, these drugs have not
been entirely successful and are accompanied by unexpected
side effects. Therefore, there was an urgent need to find safer
anti-inflammatory compounds. The aim of this study was to
carry out phytochemical screening and to evaluate analgesic
effect and anti-inflammatory activities of the methanolic stem
bark extract of  Acacia  nilotica  (Linn.).

MATERIALS AND METHODS

Plant collection and authentication: The fresh disease-free
stem bark of Acacia nilotica was carefully and separately
collected from Bodinga, Sokoto state, Nigeria around May,
2016. It was identified and authenticated by a Botanist at the
Biological Sciences Department, Usmanu Danfodiyo
University, Sokoto, Nigeria. The plant sample was identified as
Acacia  nilotica  (Linn.) with voucher number UDUH/ANS/0247.
The sample was shed-dried, ground and kept in air-tight
containers till further use.

Location and duration of the research: The research was
carried out at Pharmacognosy and Pharmacology Laboratories
of the Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo
University, Sokoto, Nigeria. The research was conducted in a
9 months period, from May 2016 to March, 2017.

Preparation of plant extracts: The methanolic crude extract
was prepared by soaking a sample (50 g) of powdered leaves
material in 90% methanol (300 mL) for 72 h. The extract was
filtered using clean cloth and Whatman No. 1 filter paper. The
filtrate was concentrated in vacuum at 30EC and stored in
sterile sample containers at 4EC until further use.

Phytochemical screening: The extract was screened for the
presence of major phytochemicals using standard qualitative
methods as described previously11-13. The plant extract was
screened for the presence of saponins, tannins, alkaloids,
flavonoids, terpenoids, glycosides and steroids.

Experimental   animals:   Female   albino   rats,   weighing
160-200 g were used in this toxicity study. They were obtained
from the Animal Research Centre (ARC) of the Ahmadu Bello
University (ABU), Zaria, Nigeria. The rats were kept in the
Animal House of the Department of Pharmacology, Faculty of
Pharmacy, Usmanu Danfodiyo University, Sokoto, Nigeria,
where they were acclimatized to standard laboratory
conditions  for  7  days.  They   were   housed   in   groups    and
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maintained on 12 h light:dark cycle, with standard pellet diet
and water ad libitum. An approval was obtained from the
Animal Ethics Committee, Usmanu Danfodiyo University,
Sokoto, Nigeria. The approval number assigned was
UDUS/AEC/0436. The institutional animal ethical guidelines
were strictly observed.

Analgesic studies: The acetic acid induced writhing test in rats
was used to test for analgesic effect14. The rats were divided
into five groups of four rats each. The groups were treated
thus: Group 1 received 10 mL kgG1 b.wt., distilled water
(control) intra-peritoneal, group 2 received 10 mg kgG1 b.wt.,
of Piroxicam intra-peritoneal, group 3, 4 and 5 received 150,
300 and 600 mg kgG1 b.wt., of crude methanolic extract of
Acacia  nilotica, respectively. About 30 min later, the rats in the
five groups were treated with 1% acetic acid intra-peritoneal.
About 5 min later, the rats were placed in individual cage and
the number of abdominal contractions counted for each rat in
a 10 min period. Inhibition of writhing (%) was calculated
using the expression: 

 
 Mean number of writhing control -

Mean writhing (treated)Inhibition %  100
Mean number of writhing (control)

 

Anti-inflammatory studies:acute inflammation: The formalin
(2.5%) induced inflammation was used in this study, as
described by Winter et al.15. The increase in paw diameter
(edema) was measured using vernier calliper. The difference
in weight of the right hind paw and the left hind paw indicates
inflammation. The hind paw volume (edema) was measured
immediately before 0 h and after 1, 2, 3, 4 and 5 h following
formalin injection using vernier caliper. The percentage
inhibition was calculated from the expression:

 
 Mean oedema volume control -

Mean oedema volume (treated) Inhibition %  100
Mean oedema volume (control)

 

Statistical analysis: The results were expressed as the
mean±SD (n = 4). The results were statistically analyzed using
version 20 of the IBM-SPSS statistical program (IBM Corp.,
Armonk, NY, USA). One-way ANOVA was used followed by
Duncan’s test for parametric multiple comparisons between
the control and the treatment groups. Differences were
considered significant at p<0.05.

RESULTS

Phytochemical screening: The result of the phytochemical
screening  of   the   methanolic   stem   bark   extract    of
Acacia  nilotica  is presented in Table 1. The result revealed the
presence of all the phytochemicals screened except steroids.

Analgesic effect of crude methanolic stem bark extract of
Acacia nilotica: The results of the inhibition of the acetic acid
induced abdominal constriction (writhes) in rats are presented
as mean±SD. The extract at the three doses of 150, 300 and
600 mg kgG1 b.wt., showed a significant (p<0.05) percentage
inhibition of 41.38, 55.17 and 67.24%, respectively compared
to negative control (Table 2). 

Anti-inflammatory activity of crude methanolic stem bark
extract of Acacia  nilotica
Effect of the extract on edema volume in rats: The results of
the formalin induced anti-inflammation activity showed a
significant (p<0.05) inhibition of hind paw edema in a dose
and time dependent manner compared with the control
(Table 3). Piroxicam as a positive control showed significant
(p<0.05) reduction of hind paw edema in a time dependent
manner compared to negative control (Distilled water).

Anti-inflammatory (inhibition %) effect of the extract on
experimental animals: The extract at the three doses of 150,
300  and  600  mg  kgG1  b.wt.,  showed  a  significant   (p<0.05)

Table 1: Phytochemical constituents  present in the methanolic stem bark
extract of  A.  nilotica

Phytochemicals Results
Flavonoid +
Tannins +
Saponins +
Glycosides +
Alkaloids +
Steroids ND
Terpenoids +
+: Present, ND: Not detected

Table 2: Effect of stem bark extract of  A.  nilotica  on acetic acid induced
writhing response

Treatment (mg kgG1) No. of abdominal writhing Inhibition (%)
Dist. water (10 mL kgG1) 14.5±0.58 0.00
Piroxicam (10 mg kgG1) 4.00±0.82* 72.41
Extract
150 mg kgG1 8.50±0.58* 41.38
300 mg kgG1 6.50±0.58* 55.17
600 mg kgG1 4.75±0.50* 67.24
Data presented as mean±SD (n = 4), Dist. Water: Distilled water, *Significantly
different from the control (p<0.05)
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Table 3: Effect of the extract of  Acacia  nilotica  on edema volume in rats
Volume (edema)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 1st 2nd 3rd 4th 5th

Treatments (mg kgG1) ------------------------------------------------------------------------------ Time (h) ------------------------------------------------------------------------------------
Dist. Water 8.75±0.36 8.83±0.33 8.99±0.24 9.12±0.27 9.20±0.11 9.38±0.23
Pirox. (10) 8.65±0.06 7.97±0.51* 7.85±0.11* 7.61±0.38* 7.51±0.34* 7.11±0.10*
150 8.70±0.27 8.23±0.10 8.00±0.10* 7.91±0.07* 7.79±0.31* 7.70±0.23*
300 8.61±0.20 8.21±0.16 7.90±0.22* 7.47±0.36* 7.26±0.50* 6.93±0.32*
600 8.61±0.22 8.16±0.21* 7.86±0.30* 7.29±0.26* 6.93±0.62* 6.36±0.42*
Data presented as mean±SD (n = 4), Dist. Water: Distilled water, Pirox.: Piroxicam, *Significantly different from the control (p<0.05)

Table 4: Anti-inflammatory activity (inhibition %) of extract on experimental animals
Inhibition (%)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1st 2nd 3rd 4th 5th

Treatments (mg kgG1) ------------------------------------------------------------------------------ Time (h) ------------------------------------------------------------------------------
Dist. Water 0.00 0.00 0.00 0.00 0.00
Pirox. (10) 9.74 12.68 16.56 18.37 24.20
150 6.80 11.01 13.27 15.33 17.91
300 7.02 12.12 18.10 21.10 26.12
600 7.59 12.56 20.10 24.67 32.20
Values mentioned (17.91, 26.12 and 32.20%) were that of the final percentage inhibition i.e., at the final (5th) hour level of inhibition

percentage inhibition of formalin induced hind paw edema of
17.91, 26.12 and 32.20% (at final 5th h level), respectively
compared to negative control (Table 4). The extract at the
three doses (150, 300 and 600 mg kgG1 b.wt.) showed strong
anti-inflammatory activity similar to the effect of piroxicam in
rats, especially at the 5th hour following formalin injection. 

DISCUSSION 

The result of the phytochemical screening of the crude
methanolic stem bark extract of A.  nilotica  (Table 1) revealed
the presence of all the screened phytochemicals except
steroids. Several other studies have reported similar
phytochemicals from this plant samples16,17, these supported
the data reported in this research. These compounds are
known to be biologically active18,19 and thus may contributed
to the observed analgesic and anti-inflammatory activities in
this plant. 

For instance, flavonoids posses a wide range of biological
activities which include anti-microbial, anti-inflammatory,
analgesic, anti-allergic effects, cytostatic and anti-oxidant
properties20. Flavonoids’ ability to scavenge hydroxyl radicals,
superoxide anion radicals and lipid peroxyl radicals signifies
many of the health-promoting functions of flavonoids in
organisms which are important for prevention of diseases
associated with oxidative damage of membranes, proteins
and DNA21. Tannins act by iron deprivation, hydrogen bonding
or specific interaction with proteins such as enzymes, cell
envelopes and complex formation with polysaccharides22,23.

Herbs that have tannins as their component are astringent in
nature and are used for treating intestinal disorders such as
diarrhoea and dysentery22. 

Saponins are known to produce inhibitory effects on
inflammatory processes. They were also reported to possess
antibacterial property. Their mode of action was attributed to
their ability to cause leakage of proteins and certain enzymes
from bacterial cells24,25. Alkaloids have been associated with
medicinal uses for centuries. In addition, alkaloids possess
anti-inflammatory, anti-asthmatic and anti-anaphylactic
activities with consequences of altered immunological status
in  vivo26. 

The acetic-acid induced writhing test is one of the widely
used tests in analyzing drugs and plants extracts for their
analgesic effects. It is widely used for analgesic evaluation27,28.
The administration of acetic acid intra-peritoneally induces the
release of prostaglandins and sympathomimetic system
midiators like PGE2 and PGF2" and their levels will be increased
in the peritoneal fluid of the acetic acid induced rats.
Protanoids and lipoxygenase compounds have also been
found  in  the  peritoneal  fluid following acetic acid injection29.
The results of the present study revealed that the stem bark
extract of A.  nilotica  significantly (p<0.05) reduced the
number of acetic acid induced writhing in rats in dose
dependent manner. The highest inhibition of 67.24% was
observed at the highest dose of 600 mg kgG1 b.wt. which is
almost closer to the percentage inhibition of 72.41% observed
in peroxicam (a standard analgesic drug) at 10 mg kgG1 b.wt.
(positive  control).  This  indicated  an  analgesic  effect   of   the
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extract. This effect may be due to either the action of the
extract on visceral receptors sensitive to acetic acid, inhibition
of the synthesis of algogenic substances or the inhibition of
the transmission of painful stimuli29,30.

Formalin-induced rat paw oedema is a suitable model
commonly used for the anti-inflammation studies in
experimental animals. Inflammation is part of the complex
biological response of vascular tissues to harmful stimuli, such
as pathogens, damaged cells or irritants31. There are two major
stages in an inflammatory reaction that contribute to the
associated symptoms and tissue injury. In general, the first
(early) phase involves inflammation mediated by the release
of histamine and serotonin and increased synthesis of
prostaglandins in the vicinity of the damaged tissues. The
second (late) phase is the result of the release of kinins mainly
prostaglandins32. 

There were also evidences that compounds inhibiting the
formalin induced oedema were effective in inhibiting the
enzyme cyclo-oxygenases33. Based on these reports, the
inhibitory effect of A. nilotica extract on formalin-induced
inflammation could be mediated via this mechanism. Similar
anti-inflammatory effects  were  reported with other species
of the Acacia genus34,35. Chemical studies on other Acacia
species had led to the isolation of triterpenoidal saponin from
Acacia  auriculiformis36 and phenolic compounds from the
flowers and leaves of  A.  nilotica37,38. Saponins and flavonoids
have previously been reported to have anti-inflammatory
activities39,40. 

Such compounds may be responsible in part for the
described anti-inflammatory activity of  A.  nilotica  extract. On
the other hand it was reported that free radicals are involved
in the inflammatory process41. Different parts of A.  nilotica
were reported to possess anti-oxidant properties42,43. Therefore
the anti-oxidant property of  A.  nilotica  might have a
beneficial role in its anti-inflammatory activity.

CONCLUSION 

According to the present study, it can be concluded that
the crude methanolic extract of  A.  nilotica  stem bark
possesses analgesic and anti-inflammatory effects, justifying
its wide use in folklore medicine for the treatment of
inflammation conditions. Further investigations are required
to isolate the active principles present in the extract and to
determine their exact mechanism of action.

SIGNIFICANCE STATEMENT

The screening of plant extracts has had an impressive
history of  identifying  active  agents.  The  choice  of  the  stem

bark of  Acacia  nilotica  as the plant part of interest in this
work was based on its vast medicinal importance among
traditional medicine practitioners in northern Nigeria to treat
infections such as intestinal pains, ulcer, cold, haemorrhages,
coughs and fever. The bioactivity results of Acacia  nilotica
stem bark provided preliminary scientific justification for the
traditional medicinal uses of this ethno remedy, an important
step towards its acceptance and development as alternative
therapeutic agent in the management of pain and
inflammation.  The  findings  would help researchers in the
area of isolation and purification of anti-inflamatory
compounds important for possible anti-inflammatory drug
development.

REFERENCES

1. Nathan, C., 2002. Points of control in inflammation. Nature,
420: 846-852.

2. Gandini, S., H. Merzenich, C. Robertson and P. Boyle, 2000.
Meta-analysis of studies on breast cancer risk and diet: The
role of fruit and vegetable consumption and the intake of
associated micronutrients. Eur. J. Cancer, 36: 636-646.

3. Bazzano,  L.A.,  J.  He,  L.G.  Ogden,  C.M.  Loria,  S. Vupputuri,
L. Myers and P.K. Whelton, 2002. Fruit and vegetable intake
and risk of cardiovascular disease in US adults: The first
national health and nutrition examination survey
epidemiologic follow-up study. Am. J. Clin. Nutr., 76: 93-99.

4. Feskanich,  D.,  R.G.  Ziegler, D.S. Michaud, E.L. Giovannucci,
F.E. Speizer, W.C. Willett and G.A. Colditz, 2000. Prospective
study of fruit and vegetable consumption and risk of lung
cancer  among  men  and  women.   J.   Natl.   Cancer    Inst.,
92: 1812-1823.

5. Joshipura,  K.J.,  F.B.  Hu,  J.E.  Manson,  M.J.  Stampfer    and
E.B. Rimm et al., 2001. The effect of fruit and vegetable intake
on  risk  for  coronary  heart  disease.  Ann.  Internal   Med.,
134: 1106-1114.

6. Kolonel,  L.N.,  J.H.  Hankin,  A.S.  Whittemore,  A.H. Wu and
R.P. Gallagher et al., 2000. Vegetables, fruits, legumes and
prostate cancer: A multiethnic case-control study. Cancer
Epidemiol. Biomark Prev., 9: 795-804.

7. Yoon, J.H. and S.J. Baek, 2005. Molecular targets of dietary
polyphenols with anti-inflammatory properties. Yonsei Med.
J., 46: 585-596.

8. Bargali, K. and S.S. Bargali, 2009. Acacia nilotica: A
multipurpose leguminous plant. Nature Sci., 7: 11-19.

9. Aliyu, B.S., 2006. Common Ethinomedicinal Plants of the Semi
Arid Regions of West Africa. Triumph Publishing Company
Limited, Nigeria.

10. Saini, M.L., R. Saini, S. Roy and A. Kumar, 2008. Comparative
pharmacognostical and antimicrobial studies of acacia
species (Mimosaceae). J. Med. Plants Res., 2: 378-386.

454



Asian J. Biol. Sci., 12 (3): 450-456, 2019

11. Harborne, J.B., 1973. Phytochemical Methods: A Guide to
Modern Techniques of Plant Analysis. 1st Edn., Chapman and
Hall, London, UK., ISBN: 978-94-009-5921-7, Pages: 271.

12. Sofowora, A., 1993. Medicinal Plants and Traditional Medicine
in  Africa.  2nd  Edn.,  Spectrum  Books,  Ibadan,    Nigeria,
ISBN-13: 9789782462190, Pages: 289.

13. Trease, G.E. and W.O. Evans, 1989. Trease and Evans'
Pharmacognosy. 13th Edn., Bailliere Tindall, London.

14. Koster, R., M. Anderson and E.J. De Beer, 1952. Acetic acid for
analgesic screening. Fed. Proc., 18: 412-417.

15. Winter, C.A., E.A. Risely and G.W. Nuss, 1962. Carrageenin-
induced edema in hind paw of the rat as an assay for
antiiflammatory      drugs.    Proc.    Soc.    Exp.   Biol.   Med.,
111: 544-547.

16. Banso, A., 2009. Phytochemical and antibacterial
investigation of bark extracts of Acacia nilotica. J. Med. Plants
Res., 3: 82-85.

17. Okoro, S.O., A.H. Kawo and A.H. Arzai, 2012. Phytochemical
screening,  antibacterial  and  toxicological  activities of
Acacia     Senegal   extracts.   Bayero   J.   Pure   Applied    Sci.,
5: 163-170.

18. Tsuchiya, H., M. Sato, T. Miyazaki, S. Fujiwara and S. Tanigaki
et al., 1996. Comparative study on the antibacterial activity of
phytochemical flavanones against methicillin resistant
Staphylococcus aureus. J. Ethnopharmacol., 50: 27-34.

19. Ververidis,     F.,    E.    Transtas,    C.    Douglas,    G.    Vollmer,
G. Kretzschmar and N. Panopoulos, 2007. Biotechnology of
flavonoids and other phenylpropanoid-derived natural
products. Part I: Chemical diversity, impacts on plant biology
and human health. Biotechnol. J., 2: 1214-1434.

20. Maikai, V.A., B.V. Maikai and P.I. Kobo, 2009. Antimicrobial
properties of stem bark extracts of Ximenia Americana. J.
Agric. Sci., 1: 30-34.

21. Scalbert, A., 1991. Antimicrobial properties of tannins.
Phytochemistry, 30: 3875-3883.

22. Dharmananda, S., 2003. Gallnuts and the uses of tannins in
Chinese medicine. Proceedings of the Institute for Traditional
Medicine, September 25, 2003, Portland, Oregon, USA.

23. Akiyama, H., K. Fujii, O. Yamasaki, T. Oono and K. Iwatsuki,
2001. Antibacterial action of several tannins against
Staphylococcus     aureus.    J.    Antimicrob.       Chemother.,
48: 487-491.

24. Zibbu, G. and A. Batra, 2012. In vitro and in vivo
determination of phenolic contents and antioxidant activity
of desert plants of Apocynaceae family. Asian J. Pharm. Clin.
Res., 5: 76-83.

25. Selvi,  A.T.,  M.G.  Dinesh, R.S. Satyan, B. Chandrasekaran and
C. Rose, 2011. Leaf and seed extracts of Bixa orellana L. exert
anti-microbial activity against bacterial pathogens. J. Applied
Pharm. Sci., 1: 116-120.

26. Staerk, D., J. Christensen, E. Lemmich, J.O. Duus, C.E. Olsen
and J.W. Jaroszewski, 2000. Cytotoxic activity of some
phenanthroindolizidine N-oxide alkaloids from Cynanchum
v incetoxicum. J. Natural Prod., 63: 1584-1586.

27. Gene, R.M., L. Segura, T. Adzet, E. Marin and J. Iglesias, 1998.
Heterotheca inuloides: Anti-inflammatory and analgesic
effects. J. Ethnopharmacol., 60: 157-162.

28. Sutradhar,  R.K.,  A.K.M.M.  Rahman,  M.  Ahmad, S.C. Bachar,
A. Saha and S. Kumar, 2006. Bioactive alkaloid from Sida
cordifolia Linn. with analgesic and anti-inflammatory
activities. Iran. J. Pharmacol. Therapeutics, 5: 175-178.

29. Magaji,  M.G.,  J.A.  Anuka,  I.  Abdu-Aguye,  A.H.   Yaro  and
I.M. Hussaini, 2008. Preliminary studies on anti-inflammatory
and analgesic activities of Securinega virosa (Euphorbiaceae)
in experimental animal models. J. Med. Plants Res., 2: 39-44.

30. Franzotti,     E.M.,    C.V.F.    Santos,    H.M.S.L.     Rodrigues,
R.H.V. Mourao,  M.R.  Andrade  and  A.R.  Antoniolli, 2000.
Anti-inflammatory, analgesic activity and acute toxicity of
Sida     cordifolia   L.   (Malva-branca).   J.   Ethnopharmacol.,
72: 273-277.

31. Ferrero-Miliani,      L.,    O.H.    Nielsen,    P.S.   Andersen   and
S.E. Girardin, 2007. Chronic inflammation: Importance of
NOD2 and NALP3 in interleukin-1$ generation. Clin. Exp.
Immunol., 147: 227-235.

32. Crunkhorn, P. and S.C.R. Meacock, 1971. Mediators of the
inflammation induced in the rat paw by carrageenin. Br. J.
Pharmacol., 42: 392-402.

33. Selvam, C. and S.M. Jachak, 2004. A cyclooxygenase (COX)
inhibitory biflavonoid from the seeds of Semecarpus
Anacardium. J. Ethnopharmacol., 95: 209-212.

34. Dongmo, A.B., T. Nguelefack and M.A. Lacaille-Dubois, 2005.
Antinociceptive and anti-inflammatory activities of Acacia
pennata wild (Mimosaceae). J. Ethnopharmacol., 98: 201-206.

35. Bukhari, I.A., R.A. Khan, A.H. Gilani, S. Ahmed and S.A. Saeed,
2010. Analgesic, anti-inflammatory and anti-platelet activities
of the methanolic extract of Acacia modesta leaves.
Inflammopharmacol., 18: 187-196.

36. Uniyal, S.K., V. Badoni and O.P. Sati, 1992. A new triterpenoidal
saponin     from   Acacia   auriculiformis.   J.   Natural    Prod.,
55: 500-502.

37. Saleem, A., M. Ahotupa and K. Pihlaja, 2001. Total phenolics
concentration and antioxidant potential of extracts of
medicinal  plants  of  Pakistan. Zeitschrift Naturforschung C,
56: 973-978.

38. Venkataswamy, R., A. Doss, H.M. Mubarack and M. Sukumar,
2010. Phytochemical, HPTLC finger printing and antibacterial
activity  of  Acacia  nilotica  (L.)  Delile.  Hygeia J. Drugs Med.,
2: 38-42.

39. Sayyah, M., N. Hadidi and M. Kamalinejad, 2004. Analgesic
and anti-inflammatory activity of Lactuca sativa seed extract
in rats. J. Ethnopharmacol., 92: 325-329.

455



Asian J. Biol. Sci., 12 (3): 450-456, 2019

40. Aquila, S., R.M. Giner, M.C. Recio, E.D. Spegazzini and J.L. Rios,
2009. Anti-inflammatory activity of flavonoids from
Cayaponia tayuya roots. J. Ethnopharmacol., 121: 333-337.

41. Vajdovich, P., 2008. Free radicals and antioxidants in
inflammatory  processes  and  ischemia-reperfusion injury.
Vet. Clin. N. Am.: Small Anim. Pract., 38: 31-123.

42. Singh, R., B. Singh, S. Singh, N. Kumar, S. Kumar and S. Arora,
2010. Umbelliferone-An antioxidant isolated from Acacia
nilotica (L.) Willd. Ex. Del. Food Chem., 120: 825-830.

43. Kalaivani, T. and L. Mathew, 2010. Free radical scavenging
activity from leaves of Acacia nilotica (L.) Wild. exDelile, an
Indian medicinal tree. Food Chem. Toxicol., 48: 298-305.

456


	ajbs.pdf
	Page 1


