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Abstract

15 extracts of different polarities (dichloromethane, methanol and aqueous
extracts) from 5 Yemeni medicinal plants (Aspilia helianthoides, (Schumach. &
Thonn.) Oliv. & Hiern subsp. ciliate (Schumach.) C.D. Adams leaves; Ceropegia
rupicola, Defl. var. rupicola whole plant; Kniphofia sumarae, Defler whole plant;
Pavetta longiflora, Vahl. subsp. longiflora leaves; and Plectranthus cf barbatus
(Thulin & Gifri) leaves) were tested for their inhibitory effects against the enzymatic
activity of human neutrophil elastase (HNE) (EC 3.4.21.37) in an in vitro human
neutrophil elastase inhibition assay. 14 extracts at various concentrations were
found able to inhibit the activity of HNE. Among the plants tested, A. helianthoides
was the most active inhibitor of HNE. The dichloromethane extracts of all tested
plants, exhibited more inhibitory effect on HNE activity than the methanolic and
aqueous extracts. The dichloromethane extract of A. helianthoides showed the
most active inhibitory effect on the HNE activity (ICsq = 0.4ug/ml). Within the HNE
inhibitory active methanolic extracts, those of A. helianthoides and P. cf barbatus
were the most active inhibitors with IC5y of about 3ug/ml. These results provide
some scientific justification for the use of A. helianthoides in traditional medicine

and indicate the presence of HNE inhibitory constituents in the active tested plants.
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Introduction

Human neutrophil elastase (HNE) (EC 3.4.21.37), a member of the
Chymotrypsin family of serine proteases (Sl) is primarily located in the azurophil
granules of polymorphonuclear leucocytes. Physiologically it is involved in the
degradation of bacteria and immune complexes phagocytosed by the
polymorphonuclear leucocytes [1]. HNE can degrade a wide variety of
biomacromolecules that exhibit important biological functions. These include
extracellular matrix proteins such as elastin, which plays a major structural function
in the lungs, arteries, skin and ligaments, collagen types |, II, I, IV, VIII, IX and XI,
fibrin, fibronectin, cartilage proteoglycans, cytokines, the platelet llb/llla receptor
and cadherins. HNE is also capable of degrading a variety of soluble proteins,
including coagulation factors, immunoglobulins, complement, and many protease
inhibitors [1, 2, 3]. The release of HNE, in response to several inflammatory stimuli,
and its extracellular proteolytic activity are regulated and are normal beneficial
functions of polymorphonuclear neutrophils [2]. The elastase action is modulated by
endogenous multiple proteinase inhibitors including as-proteinase inhibitor (a4-Pl).
Despite this balance between HNE and proteinase inhibitors activities, there are
several human diseases in which a breakdown of this control mechanism is
implicated in their pathology. Insufficient levels of protease inhibitors has been
therefore suggested as a contributing factor in a number of diseases including,
among others, acute lung injury [2, 4, 5,], cystic fibrosis [6], ischemic reperfusion
injury [7], rheumatoid arthritis [8], atherosclerosis [9], psoriasis [10] , and malignant
tumors [11, 12]. Moreover alpha-1 antitrypsin (a4- proteinase inhibitor) deficiency,
an inherited disease, affects the lung and the liver. It leads to chronic obstructive

pulmonary disease, emphysema, and even lung cancer development and in the



The In Vitro Inhibition of Human Neutrophil Elastase Activity by some Yemeni Medicinal Plants 473

liver it causes a benign neonatal hepatitis syndrome and, to some small percentage
of adults, liver fibrosis with progression to cirrhosis and hepatocellular carcinoma.
[2, 13, 14]. Hence, over the past 30 years, elastase has been the object of
extensive experimental and clinical research to develop efficient elastase inhibitors.
At present, a number of natural and synthetic elastase inhibitors have been used in
the treatment of HNE associated diseases. Of the natural elastase inhibitors, three
human plasma derived a4- protease inhibitors (Aralast, Prolastin and Zemaira) are
used to prevent the progression of emphysema associated with ay- antitrypsin
deficiency disorder [15-17). Among the currently used synthetic elastase inhibitors,
Sivelestat is applied for the treatment of acute lung injury and acute respiratory
distress syndrome ARDS [18, 19], Gabexate mesilate, Nafamostat mesilate and
Ulinastatin are used in Japan for the treatment of severe pancreatitis [20].
Furthermore, in a number of in vivo and in vitro models, several others synthetic
elastase inhibitors have been found to prevent the deleterious effects of elastase in
a variety of diseases. Attempts to develop useful therapeutic elastase inhibitors
thereof are in progress [7, 21-23].

Since the past decade, natural compounds and plant extracts have been the
targets of research as a potential source to explore for efficient elastase inhibitors
[24-28]. The aim of this study was therefore to investigate the effects of a variety of

extracts from some Yemeni plants on the activity of human neutrophil elastase.

Results and discussion

The plants used in this study, with the exception of Aspilia helianthoides that
was claimed to be useful for wound healing, are not used in Yemeni traditional
medicine such as Kniphofia sumarae, locally named “Bunit”, or utilized for purposes
other than inflammatory diseases such as Ceropegia rupicola, locally named
“‘Bukira”, that is applied externally for skin diseases and Pavetta longiflora and
Plectranthus cf barbatus, which are used as an anti-malarial agent and as a
haemostatic respectively. However related species of all tested plants are used in

other countries for the treatment of inflammations and found experimentally to
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possess anti-inflammatory activity as well [29-33]. Investigation the effect of the
tested plant extracts on the HNE activity is able to reveal if these plants contain
HNE inhibitors and therefore also possess anti-inflammatory activity. Moreover no
data regarding the biological activities of these plants have been published till now
except a study about the antimicrobial activity of some Yemeni medicinal plants
including Plectranthus cf barbatus, which was found to possess antimicrobial
activity [34].

Of 15 extracts of different polarities (dichloromethane, methanolic and
aqueous extracts) screened at concentrations ranging from 0.1 till 100 ug/ml for
their inhibitory effect against the human neutrophil elastase activity, 14 extracts at
various concentrations were found able to inhibit the activity of HNE (Table 1). The
validation of this assay was tested by using the selective HNE inhibitor GW
311616A (Positive control, 1Csq =0.04 pg/ml) [28]. Among the plants tested, A.
helianthoides was the most active inhibitor of HNE (Table 1). All the tested extracts
showed a variable degree of inhibitory effect on HNE. Consequently a number of
polar and non-polar constituents seem to be involved in the inhibition of the
enzyme. The dichloromethane extracts of all tested plants excluding C. rupicola
exhibited more inhibitory effect on HNE activity than the methanolic and aqueous
extracts (Table 1). Significant reduction in the activity of HNE (P<0.01-P<0.02) was
observed at a concentration of 5ug/ml and by A. helianthoides even by 0.5ug/mi
and above of all dichloromethane extracts of the tested plants except of C. rupicola
(Figure 1). The dichloromethane extract of A. helianthoides was the most active
inhibitor of HNE activity (ICso = 0.4ug/ml) (Table 1). Among the HNE inhibitory
active methanolic extracts, those of A. helianthoides and P. cf barbatus were the
most active inhibitors with ICsy of about 3ug/ml (Table 1, Figure 2). Previous studies
[25, 35] that have used the same in vitro HNE inhibition assay have indicated that
among a number of phenolic compounds (flavonoids (as glycosides and aglyca),
caffeic acid and its derivatives) including constituents of some medicinal plants
used in the treatment of inflammation, hyperosid (IC5o = 0.15 ug/ml), was found to

be the most active HNE inhibitors. Because phenolic compounds such as
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flavonoids and caffeic acid esters occur throughout the plants, the observed HNE
inhibitory effect of the tested extracts might be partially attributed to the phenolic
compounds.

The HNE inhibitory effect of A. helianthoides observed in our study therefore
provides some scientific validation for the use of this plant to treat wounds. The
inhibitory effect on HNE and its magnitude demonstrated by the dichloromethane
and methanolic extracts especially of A. helianthoides, P. cf barbatus, K. sumarae,
and P. longiflora suggests that these plants could contain HNE inhibitory
constituents that might be able to target the destructive and inflammatory actions of
human neutrophil elastase. The dichloromethane extract of A. helianthoides is
currently being further investigated as a promising candidate for the development of
useful HNE inhibitors.

Tab. 1: Inhibition of the HNE activity by the tested extracts

Plant sample/extract | ICs (ug/ml)

Aspilia helianthoides

Dichloromethane extract 0.4
Methanolic extract 2.9
Aqueous extract 8.5
Ceropegiarupicola

Dichloromethane extract 9.5
Methanolic extract 6.6

Aqueous extract -
Kniphofia sumarae

Dichloromethane extract 1.6
Methanolic extract 4.5
Aqueous extract 79.4
Pavetta longiflora

Dichloromethane extract 3.1
Methanolic extract 14.7
Aqueous extract 55.0
Plectranthus cf barbatus

Dichloromethane extract 1.6
Methanolic extract 2.5
Aqueous extract 10.0

As positive control: GW 311616A (ICso = 0.04 pg/ml)
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Figure 1: Inhibitory effect of the dichloromethane extracts of Aspilia
helianthoides, Ceropegia rupicla, Kniphofia sumarae, Pavetta
longiflora, and Plectranthus cf barbatus on the human neutrophil
elastase activity

*** Significant at P < 0.01, ** Significant at P < 0.02, * Significant at P < 0.05
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Figure 2: Inhibitory effect of the methanolic extracts of Aspilia
helianthoides, Ceropegia rupicola, Kniphofia sumarae, Pavetta
longiflora and Plectranthus cf barbatus on human neutrophil elastase
activity

** Significant at P < 0.02, * Significant at P < 0.05
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Experimental

Materials

Plants used in this study Aspilia helianthoides (Schumach. & Thonn.) Oliv. &
Hiern subsp. ciliate (Schumach.) C.D. Adams, (Syn: A. smithiana Oliv. & Hiern; A.
abyssinica (Sch.Bip.) Vatke; A. dewevrei O. Hoffm.; A. ciliate (Schumach.) Wild)
(Asteraceae), leaves; Ceropegia rupicola Defl. var. rupicola (Asclepiadaceae),
whole plant; Kniphofia sumarae Defler (Asphodelaceae), whole plant; Pavetta
longiflora Vahl. subsp. longiflora (Syn: P. arabica Bremek; P. deflersii Bremek)
(Rubiaceae), leaves; and Plectranthus cf barbatus (Thulin & Gifri) (Labiatae),
leaves) [36, 37] were collected in Taiz province and Yaffe Heights, Lahj province,
Republic of Yemen. The authentication of the plants was made under the
supervision of Dr. AW. Al-Khulaidi at the Agriculture Research Center in Dhamar-
Yemen. The plant materials were shade dried at ambient temperature and then
ground in a grinder.

The enzyme substrate N-Methoxysuccinyl-Ala-Ala-Pro-Val-p-Nitroanilid and
the soybean Trypsin inhibitor were purchased from Sigma. Human neutrophil

elastase and Tris-HCI- buffer were supplied by Serva.

Preparation of extracts

A series of subsamples (50g each) of each plant were extracted with a solvent
(Dichloromethane, methanol and distilled water) by shaking for 3 hours at ambient
laboratory temperature, and then in an ultrasonic bath for 20 min. The extraction
was performed 3 times. The collected, filtered extracts were then concentrated to
dryness. A series of concentrations (0.1, 0.5, 1, 5,10, 50, 100ug/ml) were prepared
for the test from the dichloromethane and methanol extracts dissolved in
dimethylsulfoxide (DMSO), and then diluted with the assay buffer and from the

aqueous extract dissolved in distilled water and then diluted with the assay buffer.
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Elastase assay

The determination of human neutrophil elastase activity was performed
according to Loser [24]. Briefly, 125ul substrate solution (1.4mM N-MeO-Suc-Ala-
Ala-Pro-Val-p-NA in Tris-HCI-buffer, pH 7.5) was added to 405 ul Tris-HCI-buffer,
pH 7.5, with 50 ul extract solution. After the addition of 20 pl enzyme solution
(approximately 3mU), the samples were vortexed and then incubated for 1 h. at 37
°C. The reaction was stopped by addition of 500ul soybean trypsin inhibitor solution
(0.2mg/ml Tris-HCI-buffer, pH 7.5). The samples were then vortexed and the
absorbance was measured at 405nm. The remaining activity of HNE activity (as %
of the control) was calculated in comparison to the control without inhibitor,
considering the influence of the buffer, substrate, solvent and test extract. The
inhibitory effect of the selective HNE inhibitor GW 311616A (IC5o =0.04 ug/ml) that
was already tested by using the same assay [28] was considered as a positive

control.

Statistics

The assay was performed two to three times with triplicate parallel samples.
The remaining activity of the enzyme was calculated as percentage to the control
without inhibitor, considering the influence of the buffer, DMSO, substrate and test
extract. All values were expressed as mean * standard deviations. Wilcoxon’s U-
test was used to test the significance. 1C5y values were obtained from dose-effect

curves by linear regression.

References

[1] Barrett AJ, Rawlings ND, Woessner JF, editors.
In: Handbook of proteolytic enzymes.
Academic Press, London, 1998: 54.

[2] Lee WL, Downey GP.
Leukocyte elastase: Physiological function and role in acute lung injury.
Am J Respir Crit Care Med. 2001; 164:896—-904.



[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

The In Vitro Inhibition of Human Neutrophil Elastase Activity by some Yemeni Medicinal Plants 479

Ai S, Cheng XW, Inoue A, Nakamura K, Okumura K, Iquchi A, Murohara T,
Kuzuya M.

Angiogenic activity of bFGF and VEGF suppressed by proteolytic cleavage by
neutrophil elastase.

Biochem Biophys Res Commun. 2007; 364: 395-401.
[d0i:10.1016/j.bbrc.2007.10.027]

Kawabata K, Hagio T, Matsuoka S.

The role of neutrophil elastase in acute lung injury.
Eur J Pharmacol. 2002; 451: 1-10.
[d0i:10.1016/S0014-2999(02)02182-9]

Toda Y, Takahashi T, Maeshima K, Shimizu H, Inoue K, Morimatsu H, Omori
E, Takeuchi M, Akagi R, Morita K.

A neutrophil elastase inhibitor, sivelestat, ameliorates lung injury after
hemorrhagic shock in rats.

Int J Mol Med. 2007; 19:237-243.

Attucci S, Gauthier A, Korkmaz B, Delépine P, Martino MF, Saudubray F, Diot
P,Gauthier F.

EPI-hNE4, a proteolysis-resistant inhibitor of human neutrophil elastase and
potential anti-inflammatory drug for treating cystic fibrosis.

J Pharmacol Exp Ther. 2006; 318: 803—-809.

[d0i:10.1124/jpet.106.103440]

Shikawa N, Oda M, Kawaguchi M, Tsunezuka Y, Watanabe G.

The effects of a specific neutrophil elastase inhibitor (ONO-5046) in pulmonary
schemia-reperfusion injury.

Transpl Int. 2003; 16: 341-346.

[d0i:10.1111/j.1432-2277.2003.tb00310.x]

Steinmeyer J, Kalbhen DA.

The inhibitory effects of antirheumatic drugs on the activity of human leukocyte
elastase and cathepsin G.

Inflamm Res. 1996; 45: 324-329.

[doi:10.1007/BF02252944]

Henriksen PA, Sallenave JM.

Human neutrophil elastase: Mediator and therapeutic target in atherosclerosis.
Int J Biochem Cell Biol. 2008; 40: 1095-1100.
[d0i:10.1016/j.biocel.2008.01.004]

Hrenn A, Steinbrecher T, Labahn A, Schwager J, Schempp CM, Merfort I.
Plant phenolics inhibit neutrophil elastase.

Planta Med. 2006; 72: 1127-31.

[d0i:10.1055/s-2006-946700]



480

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R. Alasbahi and M. Melzig:

Sato T, Takahashi S, Mizumoto T, Harao M, Akizuki M, Takasugi M, Fukutomi
T, Yamashita J.

Neutrophil elastase and cancer.

Surg Oncol. 2006; 15: 217-22.

[d0i:10.1016/j.suronc.2007.01.003]

Wada Y, Yoshida K, Tsutani Y, Shigematsu H, Oeda M, Sanada Y, Suzuki T,
Mizuiri H, Hamai Y, Tanabe K, Ukon K, Hihara J.

Neutrophil elastase induces cell proliferation and migration by the release of
TGF-alpha, PDGF in esophageal cell lines.

Oncol Rep. 2007; 17: 161-167.

Topic AS, Jelic-lvanovic ZD, Spasojevic-Kalimanovska VV, Spasic SM.
Association of Moderate Alpha-1 Antitrypsin Deficiency with Lung Cancer in
the Serbian Populaiton.

Arch Med Res. 2006; 37: 866—870.

[d0i:10.1016/j.arcmed.2006.05.006]

Kohnlein T, Welte T.

Alpha-1 antitrypsin deficiency: pathogenesis, clinical presentation, diagnosis,
and treatment.

Am J Med. 2008; 121: 3-9.

[d0i:10.1016/j.amjmed.2007.07.025]

Juvelekian GS, Stoller JK.

Augmentation therapy for alpha (1)-antitrypsin deficiency.
Drugs. 2004; 64: 1743-1756.
[doi:10.2165/00003495-200464160-00002]

Stocks JM, Brantly M, Pollock D, Barker A, Kueppers F, Strange C, Donohue
JF, Sandhaus R.

Multi-center study: the biochemical efficacy, safety and tolerability of a new
alpha 1-proteinase inhibitor, Zemaira.

COPD. 2006; 3: 17-23.

[d0i:10.1080/15412550500493220]

Mordwinkin NM, Louie SG.

Aralast: an alpha 1-protease inhibitor for the treatment of alpha-antitrypsin
deficiency.

Expert Opin Pharmacother. 2007; 8: 2609-2614.
[d0i:10.1517/14656566.8.15.2609]

Aikawa N, Fujishima S, Kobayashi M, Matsuoka S, Abiru T.
Cost-minimisation analysis of sivelestat for acute lung injury associated with
systemic inflammatory response syndrome.

Pharmacoeconomics. 2005; 23: 169-181.
[doi:10.2165/00019053-200523020-00008]



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

The In Vitro Inhibition of Human Neutrophil Elastase Activity by some Yemeni Medicinal Plants 481

Okayama N, Kakihana Y, Setoguchi D, Imabayashi T, Omae T, Matsunaga A,
Kanmura Y.

Clinical effects of a neutrophil elastase inhibitor, sivelestat, in patients with
acute respiratory distress syndrome.

J Anesth. 2006; 20: 6-10.

[d0i:10.1007/s00540-005-0362-9]

Kitagawa M, Hayakawa T.
Antiproteases in the treatment of acute pancreatitis.
JOP. 2007; 8 (4 Suppl): 518-525.

Okumura Y, Ogawa K, Uchiya K.

Characterization and primary structure of elastase inhibitor, AFLEI, from
Aspergillus flavus.

Jpn J Med Mycol. 2007; 48: 13—18.

Rode H, Koerbe S, Besch A, Methling K, Loose J, Otto, HH.

Synthesis and in vitro evaluation of pseudosaccharinamine derivatives as
potential elastase inhibitors.

Bioorg Med Chem. 2006; 14: 2789-2798.
[d0i:10.1016/j.bmc.2005.11.057]

Senni K, Gueniche F. Foucault-Bertaud A, Igondjo-Tchen S, Fioretti F, Colliec-
Jouault S, Durand P, Guezennec J, Godeau G, Letourneur D.

Fucoidan a sulfated polysaccharide from brown algae is a potent modulator of
connective tissue proteolysis.

Arch Biochem Biophys. 2006; 445: 56-64.

[d0i:10.1016/j.abb.2005.11.001]

Loser B, Kruse SO, Melzig MF, Nahrstedt A.

Inhibition of neutrophil elastase activity by cinnamic acid derivatives from
Cimicifuga racemosa.

Planta Med. 2000; 66: 751-753.

[d0i:10.1055/s-2000-9563]

Melzig MF, Pertz HH, Krenn L.

Anti-inflammatory and spasmolytic activity of extracts from Droserae herba.
Phytomedicine. 2001; 8: 225-229.

[d0i:10.1078/0944-7113-00031]

Daels-Rakotoarison DA, Kouakou G, Gressier B, Dine T, Brunet C, Luyckx M,
Bailleul F, Trotin F.

Effects of a caffeine-free Cola nitida nuts extract on elastase/alpha-1-
proteinase inhibitor balance.

J Ethnopharmacol. 2003; 89:143-150.

[doi:10.1016/S0378-8741(03)00279-4]



482

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

R. Alasbahi and M. Melzig:

Fook JM, Macedo LL, Moura GE, Teixeira FM, Oliveira AS, Queiroz AF, Sales
MP.

A serine proteinase inhibitor isolated from Tamarindus indica seeds and its
effects on the release of human neutrophil elastase.

Life Sci. 2005; 76: 2881-2891.

[d0i:10.1016/}.1fs.2004.10.053]

Benedek B, Kopp B, Melzig MF.

Achillea millefolium L. s.I. -- is the anti-inflammatory activity mediated by
protease inhibition?

J Ethnopharmacol. 2007; 113: 312-317.
[d0i:10.1016/j.jep.2007.06.014]

Okoli CO, Akah PA, Nwafor SV, Anisiobi Al, Ibegbunam IN, Erojikwe O.
Anti-inflammatory activity of hexane leaf extract of Aspilia Africana C.D.
Adams.

J Ethnopharmacol. 2007; 109: 219-225.
[d0i:10.1016/j.jep.2006.07.037]

Sukumar E, Gopal RH, Rao RB, Viswanathan S, Thirugnanasambantham P,
Vijayasekaran V.

Pharmacological actions of cerpegin, a novel pyridine alkaloid from Ceropegia
Jjuncea.

Fitoterapia. 1995; 66: 403—406.

Wube AA, Bucar F, Asres K, Gibbons S, Adams M, Streit B, Bodensieck A,
Bauer R.

Knipholone, a selective inhibitor of leukotriene metabolism.

Phytomedicine. 2006; 13: 452—456.

[d0i:10.1016/j.phymed.2005.01.012]

Mandal SC, Mohana LS, Ashok KCK, Sur TK, Boominathan R.

Evaluation of anti-inflammatory potential of Pavetta indica Linn. Leaf extract
(family: Rubiaceae) in rats.

Phytother Res. 2003; 17: 817-820.

[doi:10.1002/ptr.1095]

Lukhobe CW, Simmonds MS, Paton AJ.
Plectranthus: a review of ethnobotanical uses.
J Ethnopharmacol. 2006; 103: 1-24.
[d0i:10.1016/j.jep.2005.09.011]

Alasbahi RH, Craker LE, Safiyev S.

Antimicrobial Activity of Some Yemeni Medicinal Plants.
J Herbs Spices Med Plants. 1999; 6:75-83.
[d0i:10.1300/J044v06Nn03_07]



The In Vitro Inhibition of Human Neutrophil Elastase Activity by some Yemeni Medicinal Plants 483

[35] Melzig MF, Léser B, Ciesielski S.
Inhibition of neutrophil elastase activity by phenolic compounds from plants.
Pharmazie. 2001; 56: 967-970.

[36] Wood JRI.
In: A handbook of the Yemen Flora 434 pages.
Whitstable Litho Printers Ltd, UK. 1997.

[37] Al Khulaidi AW.
In: Flora of Yemen.
Sustainable Enviromental Management Program (YEM/97/100), Sub—Program
II, EPC, UNDP and AREA. Republic of Yemen. 2000.

Received April 23", 2008
Accepted (after revision) August 7", 20
Available online at www.scipharm.at August 9", 2008



