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Abstract  Increasing evidence of multi-antibiotic resistance in bacterial pathogens necessitates medicinal plants as an 
alternate therapy of infection control and management. Tamarindus indica L. is widely investigated but limited information is 
available on its bark (Ti-b). Ethanol extract of twelve medicinal plants including Ti-b were investigated for their activities to 
inhibit hemolysis caused by multi-drug resistant uropathogen, Proteus. Proteus vulgaris among other Proteus species was 
found as highly hemolytic. Hemolysis caused by cell free hemolysins of P. vulgaris was predominant (75%) over that of 
cell-associated and intracellular hemolysins. This toxin mediated hemolysis of human erythrocyte cells was potentially 
inhibited by Ti-b extract although its antimicrobial activity was too low. Bioactive inhibitor in Ti-b extract was detected as 
polyphenol, which enabled to deactivate the active site of hemolysins and thereby protected blood cells from toxin mediated 
hemolysis.  
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1. Introduction 
Proteus bacteria are the third most common cause (after 

Escherichia coli and Klebsiella pneumoniae) of UTI, but it is 
the most serious because it causes damage such as catheter 
blockage, stone formation in kidney and urinary bladder, 
cystitis, pyelonephritis, and bacteremia [1–2]. Infections 
caused by Proteus bacteria are characterized as long term 
which is difficult to treat and can often lead to death due to 
their capacity of urease-mediated urea hydrolysis causing 
tissue necrosis and inflammation at the infection site, so that 
the pathogen is inaccessible to antibiotics [3–5]. Production 
of cytotoxic hemolysins is common in both Gram-positive 
and -negative pathogenic bacteria including Proteus, but its 
extent in inter-species and intra-species varies greatly [6]. 
The hemolytic activity of Proteus bacteria is associated to 
hemolysins, HpmA and HlyA. Especially the predominant 
hemolysin HpmA is responsible for tissue damage which is 
activated when its N-terminal peptide is cleaved [7].  

Conventional systems of herbal medicine have been using 
from ancient times. Medicinal plants especially herbs have 
been the principal source of most of the drugs. Now-a-days 
about 70% of the world population is depending on 
medicinal herbs. Medicinal plants contain so many chemical  
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compounds which are the major source of therapeutic agents 
to cure human diseases [8]. For a long period of time, 
medicinal plants have been the valuable source of natural 
products for maintaining human health, especially in the last 
decade, with more intensive studies for natural therapies. 
The use of phytochemicals for pharmaceutical purposes has 
been gradually increased.  

According to World Health Organization the medicinal 
plants could be the best source to obtain a variety of drugs. 
Approximately 80% people in developed countries use 
traditional medicine, which has compounds derived from 
medicinal plants. Therefore, such plants should be 
investigated to better understand their properties, safety and 
efficiency [9]. The use of plant extracts and phytochemicals, 
both with known antimicrobial properties, can be of great 
significance in therapeutic treatments. In the last few years, a 
number of studies have been conducted in different countries 
to prove such efficiency [10–14]. Many plants have been 
used for their antimicrobial traits, which are due to 
compounds synthesized in the secondary metabolism of the 
plant. The antimicrobial properties of medicinal plants have 
been investigated by many investigators worldwide, 
especially in Indian region. Thirty one medicinal plant 
species have been reported by traditional healers as being 
used for UTIs, including leucorrhea, frequent or infrequent 
urination, cloudy urination, and burning sensations during 
urination in Bangladesh [15]. 

We isolated pathogenic Proteus bacteria from municipal 
tap water [16] that were multidrug resistant especially to 

 



 Journal of Microbiology Research 2015, 5(4): 128-133  129 
 

cephalosporin [17], and several pathogenic features of those 
isolates have already been reported [18–19]. The increasing 
evidence of antibiotic resistance in bacterial pathogens 
necessitates medicinal plants as an alternative therapy in 
restricting the antibiotic resistant infectious organisms. We 
selected twelve plant parts from nine medicinal plants 
species having potential antimicrobial properties as enlisted 
table-1 that are traditionally used as folk medicine for 
urological disorder [20–25]. Nwodo et al found the 
significant antimicrobial activities in aqueous and alcoholic 
extract of Tamarindus indica bark [26]. The aqueous extract 
of Emblica officinalis fruit pulp is found to be effective 
against various pathogenic bacteria including Proteus 
species [27]. This may be due to the presence of certain tanin, 
alkaloids and phenolic compounds present in the fruit of 
Emblica officinalis [28]. The present study aimed to 
investigate the effectiveness of ethanolic extract of test 
medicinal plants to inhibit the growth and pathogenesis of 
cephalosporin resistant Proteus bacteria isolated from 
municipal supplied water. 

2. Materials and Methods  
Bacterial strains 

Eleven Proteus bacterial strains belonging four species i.e. 
P. vulgaris (hereafter termed as Pv), P. mirabilis (Pm), P. 
hauseri (Ph), and P. penneri (Pp) designated as 11(Pv), 
661(Pp), 662(Ph), 663(Pp), 664(Pp), 665(Pp), 666(Pp), 
667(Pp), 668(Pp), 911(Pm) and 912(Pm) isolated from 
municipal tap water of Rajshahi City, Bangladesh in 
previous study have been used [16]. These strains were 
multidrug resistant to broad spectrum antibiotics and 
possessed several pathogenic features including swarming 
motility, urease production, extracellular proteases, biofilm 
formation as reported earlier [17–19]. Strains stored at −40ºC 
in Luria-Bertani (LB) broth supplemented with 12% (v/v) 
glycerol were freshly grown at 37ºC to carry out this study. 
Plant material  

Plant parts were collected from the medicinal plant garden 
of University of Rajshahi and around Rajshahi City area, 

Bangladesh on November to December 2013, and duly 
identified by a plant taxonomist, Department of Botany, 
University of Rajshahi, Bangladesh where a specimen 
voucher (75/05.07.2008, 32/10.05.2007) was recorded in the 
department herbarium for future reference. Twelve 
specimens of nine medicinal plants enlisted in table 1 were 
air-dried under shade. Once dried, the plant material was 
ground, extracted by maceration for more than 72 hrs with 
ethanol, filtered (Paper Whatman No. 3) and the solvent was 
vacuum evaporated in a Soxhlet apparatus (Rotary 
Evaporator, RE 300, Bibby Sterilin Ltd, UK). Then solutions 
were evaporated to dryness and further dilutions were made 
in the same solvent to obtain the required extract 
concentrations for the different assays.  
Human erythrocyte preparation 

10 ml of human blood obtained from healthy donor in 
anti-coagulating agent sodium oxalate was centrifuged at 
5000 rpm for 5 min, discarded the supernatant, washed three 
times with normal saline (0.9% NaCl) and the pellet was 
suspended in physiological PBS buffer (150mM NaCl, 5mM 
KCl, 10mM PBS, 2.5mM CaCl2, 10mM glucose, pH 7.4) 
[29]. 
Hemolysis and antihemolysis assay  

Hemolysin activity was determined as follows, 300 μl of 
bacterial cells (109 cfu/ml) were incubated for 3 hrs at 37°C 
with 2.7ml of 3% erythrocytes in physiological PBS buffer, 
pH 7.4 on water bath with mild shaking. Then, the reaction 
mixture was centrifuged at 5000 rpm for 10 min, and the 
released hemoglobin in the supernatant was determined at 
OD530nm. The results of hemolysis were expressed as percent 
following the equation (Asam−Acon)×100 / (Amax lysis – Acon). 
As a positive control complete hemolysis was obtained by 
adding 0.1% (v/v) Triton X-100 to release hemoglobin into 
medium [30–31]. As a negative control 0.5 mg/ml dextran 
was used, this ensured the integrity of erythrocyte cell 
membrane. Anti-hemolytic activity assay was performed 
following the same protocol in presence of plant extracts in 
ethanol. Equivalent concentration of ethanol was maintained 
in both positive and negative control experiments throughout 
the study. 

Table 1.  List of medicinal plant species tested 

Sl. Scientific name Family Local name Plant part Abbreviation 
1 Tamarindus indica Leguminosae Tetul Bark Ti-b 
2 Emblica officinalis Phyllanthaceae Amloki/Amla Fruit Eo-f 
3 Physalis minima Linn Solanaceae Bontepari/Potka Whole plant Pm-w 
4 Asparagus racemosus Asparagaceae Shotomuli Root Ar-r 
5 Urena lobata Malvaceae Bonokra Root Ul-r 
6 Urena lobata Malvaceae Bonokra Leaf Ul-l 
7 Urena lobata Malvaceae Bonokra Fruit Ul-f 
8 Urena lobata Malvaceae Bonokra Bark Ul-b 
9 Azadirachta indica Meliaceae Neem Leaf Ai-l 
10 Coccinia grandis Cucurbitaceae Telakucha Whole plant Cg-w 
11 Abroma augusta Malvaceae Ulotcombol Leaf Aa-l 
12 Mimosa pudica Leguminosae Lojjaboti Root Mp-r 
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TLC and chemical nature of bioactive compound 
For compound separation using thin layer 

chromatography (TLC), 100 µl of plant extract was spotted 
onto the heat activated TLC plate made in the laboratory. 
Different solvent systems were used as mobile phase and 
finally ethylacetate: n-hexane (2:1) was selected and used on 
the basis of best separation obtained. After separation, TLC 
plate was undertaken to various phytochemical tests using 
spray technique and the presence of polyphenolic compound 
in one bioactive fraction was confirmed by treating the 
fraction with FeCl3 which turned the color of compounds to 
black [32–33].  
Data analysis 

For data processing, the software Microsoft Excel 2007 
was used. Results of triplicate experiments were averaged, 
and means ± standard deviations were calculated. 

3. Results and Discussion  
Hemolytic Proteus isolates 

Proteus strains isolated in our previous study were 
screened for their hemolytic activities where human 
erythrocyte cells were exposed to hemolysin solution i.e. cell 
free supernatant of Proteus, and the hemolysis was 
quantified by OD530nm. All test isolates were found to be 
hemolytic with variable potentials (Figure 1). Isolate 11(Pv) 
was strongly hemolytic followed by isolates 665(Pp), 
667(Pp), 664(Pp), 668(Pp), 663(Pp), 661(Pp), 666(Pp). 
Isolates 662(Ph), 911(Pm) and 912(Pm) were weakly 
hemolytic compared to others. It is thought that Pm and Pv 
are more pathogenic than other Proteus species. However, 
the results obtained here showed that Pp and Pv are equally 
pathogenic in respect of hemolysis. Koronakis et al [34] 
showed three types of hemolytic activities (intracellular, cell 
associated, cell free) in Pv and two types (intracellular, cell 
associated) in Pm. Here we found that Pp is more hemolytic 
than Pm that might be the results of three types of hemolytic 
activities of Pp. Quantization of three hemolytic activities in 
Pv were measured (Figure 2) where hemolysis caused by cell 
free supernatant of Proteus was prominent (75%) compared 

to that of positive control (Triton X-100). However, the 
hemolysis caused by cell associated and intracellular toxins 
were 72 and 5.9%, respectively.  
Antihemolytic activity of plant extracts 

Isolate 11(Pv) chosen on the basis of its strong hemolytic 
activity (Figure 1) was undertaken to a test of hemolysis in 
the presence of ethanolic extracts (500 µg/ml) of twelve 
parts of nine medicinal plants (Table 1, Figure 3). Extracts of 
two plants, Ti-b and Eo-f, showed promising anti-hemolytic 
activities compared to that of control where Ti-b was 
stronger. The higher OD530nm values of other plant specimens 
might be the consequences of partial hemolysis by the 
extracts. Although the antibacterial activity of Ti-b was weak 
(data not shown), its anti-hemolytic activity was too strong. 
Therefore, it is noteworthy that Ti-b has the phytochemical(s) 
which enables to neutralize hemolysins, HlyA and/or HpmA, 
produced by the isolate. Thus Ti-b here offered a strong 
protection against hemolysis occurred by Proteus 
hemolysins.  
Identification of chemical nature of bioactive compound in 
Ti-b 

Partial separation of Ti-b extract was conducted by TLC 
using various organic solvent systems whereas ethyl acetate: 
n-hexane (2:1) system separated two fractions namely F1 
and F2 (Figure 4A). Then the preparatory TLC was done 
using same solvent system (Figure 5). Each fraction (F1, F2) 
including baseline components (Bc) were analyzed for their 
anti-hemolytic activities. Interestingly Bc had a strong 
anti-hemolytic activity against hemolysis caused by Proteus 
hemolysin (Figure 6). To know the chemical nature of Bc, 
the visualized bands were solvent extracted and sprayed with 
various test reagents. The black color of Bc appeared after 
spray of 5% FeCl3 solution indicated that it is polyphenolic 
compound (Figure 4C). This result manifested that 
polyphenol(s) in Ti-b was a hemolysis inhibitor. The 
molecular mechanism of polyphenol mediated inhibition of 
hemolysis caused by Proteus toxin is not clear. Nonetheless 
the obtained result will open up the opportunity to develop 
drugs that may minimize the bacterial toxin mediated 
sufferings of the infected patients. 

 

Figure 1.  Hemolysis by Proteus isolates. Standardized (109 cfu/ml) bacterial cells were incubated in 3ml of hemolysis buffer with 3% human erythrocyte 
cells for 4 hrs at 37°C. All isolates were hemolytic in different extents being 11(Pv) the strongest. Con: reaction mixture without bacterial cell 
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Table 2.  Ti-b polyphenols deactivate Proteus bacterial toxin 

 Ethyl acetate part (PEA) Petroleum ether part (PPE) 

 PEAB PEAS PEAU PPEB PPES PPEU 
OD530nm 0.690 0.100 0.901 0.077 0.019 0.088 

PEAB & PPEB: Blood cells were pretreated with partitioned residues of ethyl acetate and petroleum ether, respectively; PEAS & PPES: 
Supernatant was pretreated with partitioned residues of ethyl acetate and petroleum ether, respectively; PEAU & PPEU: Untreated 
blood and supernatant was concurrently added to the reaction mixture containing PEA and PPE, respectively. The pretreatment was 
done for 30 min and hemolysis reaction was carried out at 37°C for 3 hrs.   

 

Figure 2.  Quantization of hemolysis. Dx: Dextran (negative control), C: whole cell, L: cell lysate, S: culture supernatant, Tx: Triton X-100 (positive 
control). % hemolysis was calculated as described in experimental. Maximal hemolysis (75%) was occurred by cell free supernatant 

 
Figure 3.  Anti-hemolytic activity of plant extracts. Hemolytic reaction of isolate 11(Pv) was conducted in the presence of plant extracts at 500 µg/ml 
concentration. Con(−) left: reaction mixture in the absence of strain and extract, Con(−) right: reaction mixture in the absence of extract. Ti-b had the best 
antihemolytic activity 

Hemolysin deactivation by polyphenols 
The fraction Bc was further partitioned in several organic 

solvents to ease of purification of the bioactive component. 
Polyphenols were found to be partitioned in ethyl acetate and 
petroleum ether solvents but not in others. We were unable to 
purify a single compound from partitioned residue with our 
common separation techniques. The major compounds of Bc 
was polyphenols and the partitioned residues in ethyl acetate 
and petroleum ether were designated as PEA and PPE, 
respectively. Moreover, we try to chase how the polyphenols 
inhibited the Proteus toxin mediated hemolysis. Two 
possibilities were taken into considerations, i.e. site(s) 
harbored by the blood cell was blocked by polyphenols or 
toxin was deactivated by the polyphenols. To resolve the 

questions the hemolysis reactions were carried out with 
blood and toxin pretreated with partitioned residue of 
polyphenols in ethyl acetate and petroleum ether (PEA and 
PPE). OD530nm values after hemolysis reactions for pretreated 
blood (PEAB, PPEB), and untreated blood and supernatant 
(PEAU, PPEU), were 7 to 9 times higher than that of pretreated 
supernatant (PEAS, PPES). However, cell free supernatant of 
Proteus pretreated with PEA and PPE was essentially unable 
to occur hemolysis (Table 2) indicating that the active site on 
toxin was deactivated by polyphenols and thereby protected 
blood cells from toxin mediated hemolysis. There are 
increasing evidences that as antioxidants, polyphenols may 
protect cell constituents against oxidative damage and, 
therefore, limit the risk of various degenerative diseases 
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associated with oxidative stress [35–36]. Taking together our 
results led us to conclude that polyphenols of Ti-b protected 
erythrocyte cells from Proteus toxin mediated hemolysis 
possibly by deactivating the oxidizing group(s) on toxin.  

 

Figure 4.  Fractionation by TLC. A: Sample spotted on TLC plate was 
partitioned by ethyl acetate: n-hexane (2:1) solvent system; Sf- solvent front, 
F2- separated compound, F1- partially separated compound, Bc- baseline 
compounds. B: Extracted separate fractions were spotted on TLC plate. C: 
Spotted fractions were sprayed with 5% FeCl3 solution in ethanol which 
turned the color of Bc to black indicating the presence of polyphenolic 
compounds. No terpenoids or flavanoids were detected by separate tests 

 

Figure 5.  A representative image of PTLC. Sf: solvent front, F2: separated 
compound, F1: partially separated compound, Bc: baseline compounds 

 

Figure 6.  Anti-hemolytic activities of TLC fractions. Hemolysis by the 
isolate 11(Pv) was conducted in the presence of fractions (Bc, F1, F2). 
Con(−): erythrocyte cells in buffer; con(+): hemolysis of erythrocyte cell by 
cell free supernatant of strain 11(Pv). Fraction Bc potentially inhibited 
hemolysis by 11(Pv). Values are OD530nm of respective samples taken after 
centrifugation 

4. Conclusions 
Hemolysis of human erythrocytes caused by Proteus 

bacterial toxin was robustly inhibited by alcoholic extract of 
Tamarindas indica bark. Polyphenols in extract inactivated 
the toxin and thereby protected blood cells. Further 
investigation is needed for the isolation and structure 
elucidation of bioactive polyphenol(s) in Ti-b. 

ACKNOWLEDGEMENTS 
Authors thank the Ministry of Science and Technology, 

Bangladesh for the NST fellowship provided to MR and AW 
to carry out the research. 

Abbreviations 
NHS: Normal human serum, Pm: Proteus mirabilis, Pv: P. 

vulgaris, Ph: P. hauseri, Pp: P. penneri, CAUTI: Catheter 
associated UTI, Ti-b: Tamarindus indica bark. 

 

REFERENCES 
[1] Mobley HL, Warren J. Urease-positive bacteriuria and 

obstruction of long-term urinary catheters. J Clin Microbiol. 
1987; 25: 2216–7.  

[2] Niel-Weise BS, Van-Den-Broek PJ. Urinary catheter policies 
for long-term bladder drainage. Cochrane Database Syst Rev. 
2005; 1: CD004201.  

[3] Penner JL. The genera Proteus, Providencia and Morganella: 
Balows A, Truper HG, Harder W, Schleifer KH (eds): The 
prokaryotes, vol III. Springer-Verlag KG, Berlin, 1992; pp 
2849–3.  

[4] Pearson MM, Sebaihia M, Churcher C, Quail MA, 
Seshasayee AS, Luscombe NM, et al. Complete genome 
sequence of uropathogenic Proteus mirabilis, a master of both 
adherence and motility. J Bacteriol. 2008; 190: 4027–7.  

[5] Alamuri P, Eaton KA, Himpsl SD, Smith SN, Mobley HL. 
Vaccination with Proteus toxic agglutinin, a 
hemolysin-independent cytotoxin in vivo, protects against 
Proteus mirabilis urinary tract infection. Infect Immun. 2009; 
77: 632–1.  

[6] Hacker J, Hughes C. Genetic analysis of bacterial hemolysin 
production. Bull Inst Pasteur. 1985; 83: 149–5.   

[7] Cestari SE, Ludovico MS, Martins FH, Dejato-da-Rocha SP, 
Elias WP, Pelayo JS. Molecular detection of HpmA and HlyA 
hemolysin of uropathogenic Proteus mirabilis. Curr 
Microbiol. 2013; 67: 703–7.  

[8] Maurya U, Srivastava S. Traditional Indian herbal medicine 
used as antipyretic, antiulcer, anti-diabetic and anticancer: A 
review. Int J Res Pharm Chem. 2011; 1: 1152–9.  

[9] Ellof JN. Which extractant should be used for the screening 
and isolation of antimicrobial components from plants? J 
Ethnopharmacol. 1998; 60: 1–6.  

 



 Journal of Microbiology Research 2015, 5(4): 128-133  133 
 

[10] Ayoola GA, Coker HA, Adesegun SA, Adepoju-Bello AA, 
Obaweya K, Ezennia EC, et al. Phytochemical screening and 
antioxidant activities of some selected medicinal plants used 
for malaria therapy in Southwestern Nigeria. Trop J Pharm 
Res. 2008; 7: 1019–4.  

[11] Li XM, Brown L. Efficacy and mechanisms of action of 
traditional Chinese medicines for treating asthma and allergy. 
J Allergy Clin Immunol. 2009; 123: 297–6.  

[12] Sharan K, Siddiqui JA, Swarnkar G, Maurya R, 
Chattopadhyay N. Role of phytochemicals in the prevention 
of menopausal bone loss: evidence from in vitro and in vivo, 
human interventional and pharmacokinetic studies. Curr Med 
Chem. 2009; 16: 1138–7.  

[13] Russo M, Spagnuolo C, Tedesco I, Russo GL. 
Phytochemicals in cancer prevention and therapy: truth or 
dare? Toxins. 2010; 2: 517–1.  

[14] Howes MJR, Perry E. The role of phytochemicals in the 
treatment and prevention of dementia. Drugs & Aging. 2011; 
28: 439–8. 

[15] Hossan MS, Hanif A, Agarwala B, Sarwar MS, Karim M, 
Rahman MTU, et al. Traditional use of medicinal plants in 
Bangladesh to treat urinary tract infections and sexually 
transmitted diseases. Ethnobotany Res Appl. 2010; 8: 61–4.  

[16] Wadud A, Chouduri AU. Microbial safety assessment of 
municipal water and incidence of multi-drug resistant Proteus 
isolates in Rajshahi, Bangladesh. Curr Res Microbiol 
Biotechnol. 2013; 1: 189–5.  

[17] Chouduri AU, Wadud A. Strong cephalosporin resistant 
uropathogen, Proteus mirabilis, in urban tap water harbors a 
risk to public health, Bangladesh. Glob Adv Res J Microbiol. 
2013; 2: 164–1. 

[18] Chouduri AU, Wadud A, Islam AU. Extended spectrum 
multi-drug resistance versus pathogenic factors- swarming, 
proteases, and urease- of Proteus species. Int Res J Microbiol. 
2014; 5: 8–15. 

[19] Chouduri AU, Wadud A. Twitching motility, biofilm 
communities in cephalosporin resistant Proteus spp and the 
best in vitro amoxicillin susceptibility to isolates. Am J 
Microbiol Res. 2014; 2: 8–15.  

[20] Saikot FK, Khan A, Hasan MF. Antimicrobial and cytotoxic 
activities of Abroma augusta Lnn. leaves extract. Asian Pac J 
Trop Biomed. 2012; 2: S1418–2.  

[21] Zulfiker AHM, Roy PP, Momin MAM, Khan MS, Bulbul IJ, 
Ahmed T, et al. Investigation of antioxidant and antimicrobial 
potential of chloroform and petroleum ether extracts of 
selected medicinal plants of Bangladesh. British J Med 
Medical Res. 2013; 3: 4.  

[22] Ahmad I, Mehmood Z, Mohammad F. Screening of some 
Indian medicinal plants for their antimicrobial properties. J 

Ethnopharmacol. 1998; 62: 183–3.  

[23] Khan KH. Roles of Emblica officinalis in medicine - A review. 
Botany Res Int. 2009; 2: 218–8.  

[24] Khosla S, Sharma S. A short description on pharmacogenetic 
properties of Emblica officinalis. Spatula DD. 2012; 2: 187–3.  

[25] Asmawi MZ, Kankaanranta H, Moilanen E, Vapaatalo H. 
Anti-inflammatory activities of Emblica officinalis Gaertn 
leaf extracts. J Pharm Pharmacol. 1993; 45: 581–4.  

[26] Nwodo UU, Obiiyeke GE, Chigor VN, Okoh AI. Assessment 
of Tamarindus indica extracts for antibacterial activity. Int J 
Mol Sci. 2011; 12: 6385–6.  

[27] Kanthimathi M, Soranam R. Antibacterial effects of Emblica 
officinalis and Phyllanthus niruri crude extracts against 
bacterial pathogens. Int J Pharm Clin Sci. 2013; 3: 20–3.  

[28] Iwu MW, Duncan AR, Okunji CO. New antimicrobials of 
plant origin. In: J Janick, Editors. Perspectives on new crops 
and new uses. ASHS Press: Alexandria, 1999; p. 457–2.  

[29] Gao M, Cheung KL, Lau IP, Yu WS, Fung KP, Yu B, et al. 
Polyphyllin D induces apoptosis in human erythrocytes 
through Ca2+ rise and membrane permeabilization. Arch 
Toxicol. 2012; 86: 741–2.  

[30] Yang ZG, Sun HX, Fang WH. Haemolytic activities and 
adjuvant effect of Astragalus membranaceus saponins (AMS) 
on the immune responses to ovalbumin in mice. Vaccine. 
2005; 23: 5196–3.  

[31] Priya KM, Khora SS. Antimicrobial, hemolytic and cytotoxic 
activities of the puffer fish Arothron hispidus from the 
Southeast Coast of India. Int J Drug Dev Res. 2013; 5: 317–2. 

[32] Jaiswal Y, Tatke P, Gabhe S, Vaidya A. Rapid high 
performance thin layer chromatographic method for 
quantitation of catechin from extracts of Cashew leaves – a 
short report. Pol J Food Nutr Sci. 2013; 63: 49–4.  

[33] Mandloi S, Mishra R, Verma R, Mugal S, Rajshree S. 
Phytochemical analysis of the leaf extract of Terminalia 
catappa L. Indian J Applied & Pure Bio. 2013; 28: 65–0.  

[34] Koronakis V, Cross M, Senior B, Koronakis E, Hughes C. 
The secreted hemolysins of Proteus mirabilis, Proteus 
vulgaris, and Morganella morganii are genetically related to 
each other and to the alpha-hemolysin of Escherichia coli. J 
Bacteriol. 1987; 169: 1509–5.   

[35] Luqman S, Rizvi SI. Protection of lipid peroxidation and 
carbonyl formation in proteins by capsaicin in human 
erythrocytes subjected to oxidative stress. Phytother Res. 
2006; 20: 303–6.  

[36] Pandey KB, Rizvi SI. Protective effect of resveratrol on 
markers of oxidative stress in human erythrocytes subjected 
to in vitro oxidative insult. Phytother Res. 2009; 24(S1): S11 
– 4. 

 

 


	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions
	ACKNOWLEDGEMENTS
	Abbreviations

