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Abstract

This study was carried out to evaluate the protectffects ofNapoleona imperialis leaves extracts and
tetracycline againsWibrio cholerae ETOR type isolated from Ubahudara and Aruolahasti® in Uli
community, lhiala L.G.A, Anambra State. A totalgikteen (16) water samples were drawn from eafast
and screened for the presenceMilfrio cholerae using pour plate method. The colonies generateh fitwe
primary isolation was sub-cultured, characterizad alentified using their colony description, moojigical
and biochemical characteristics. The pathogeniergiatl of the organism on mice was investigated by
challenging the mice orally using 0.5 ml of the dotum (1&cells/ml). The infected mice were kept under
observation for 4 weeks for clinical signs, motta$i, gross lesions, histopathological changesrasidolation
from the internal organs after sacrificing the mi€he protective effects dapoleona imperialisleaves extracts
and tetracycline were investigated usingivo method. The result revealed thbrio cholerae ETOR type was
significantly (P< 0.05) seen more in Ubahudara stream (67.44%) Amanlah stream (32.56%). There were
gross clinical abnormalities: kidney and liver cestjon, perihepatits and fluid accumulation in thiestines.
The histopathological examination revealed markezhanuclear cell infiltration, disintegration of t&ge
surrounding the bronchiole, necrosis of the tuboldsdney and red pulp of the spleen. The meamtaf the
organism were significantly €0.05) highest in the lungs, followed by the spldddney while the liver was
the least. The results af vivo activity showed thaNapoleona imperialis leaves extracts and tetracycline was
effective in reducing pathological changes. Théieats were significant ® 0.05) when compared with the
infected non-treated mice. Thus, this study haswvshthat tetracycline is more effective in prevegtithe
infections caused byibrio cholerae ETOR type when compared Mapoleona imperialisleaves extract.
Keywords. Napoleona imperialis, tetracycline, Vibrio chaler histopathological

INTRODUCTION

Vibrio is a genus of Gram-negative bacteria po$sgss curved-rod shape (Thompsairal. 2005). In 1854, an
Italian scientist, Filippopacini first discoveradbrio in Florence, Italy from cholera patients becauk¢heir
motility (Michael, 2010). According to Center foridease Control (CDC), it was estimated that 8,0B8io/
infections and 60 deaths occur annually in the éthtates. Vibrios are natural inhabitants of tlaeime, fresh
water and estuarine environments (McLaughktial. 1995). They are highly halophilic, which meanattthey
need salt-rich environment in order to thrive. Mafirio species are zoonotic and they cause diseasehin fis
and shellfish. They are common causes of mortalityyng domestic and marine life. The common speafies
Vibrio includes Vibrio cholerae, Vibrio mimicus, Vibrio parahaemolyticus, Vibrio wulnificus, Vibrio
alginolyticus. Pathogenic Vibrio species can cause foodbornessir{anfection), usually associated with eating
undercooked seafood. (Josegihal. 2002).The primary environment variables influagcthis occurrence of
pathogenic Vibrios in streams are temperature atidity (Lipp et al. 2002). The optimum temperature for
growth of this organism is 8€, with possibilities for growth ranging from 16 42°C (Borrotoet al. 2000).
Floods and droughts may affect not only the comaéinh of the bacterium in this environment, bwaalts
survival, through the effect exerted by these emwitental changes on salinity, sunlight, pH, andiewit
concentrations (Bouma and Pascual, 2001).

Vibrio cholerae has optimum pH of 8.5, salinity of 15%, inhibitedt@mperature below 26 and killed at
temperature of 6& and above (Borrotet al. 2000). The mainstay of the case management dermhds
treatment of dehydration using Oral Rehydration rapg (ORS) or Intravenous fluids (Ringer lactateyl a
electrolytes (Saclet al. 2006). Medicinal plants continue to play centrales in the healthcare of large
proportion of the world’s population. This is pattiarly true in the developing countries, wherebaémedicine
has a long and uninterrupted history of use. Reitiogrand development of medicinal and economicdffieshof
these plants are on the increase in both develaggidgindustrialized nations (Srinivasal. 2007). Among the
use of herbal therapy is in the treatment of infectliseases affecting man all over the world tod#de results
presently arising from the use of available chem@heutic agents are even encouraging factorsetofuserbs.
Antibacterial resistance among bacterial pathogensecent time is a critical area of public heatttncern
(Fagbohuret al. 2010). There is need for the development of netibimtics due to acquired resistance more
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importantly from natural sources as this delaydstasce (Ajaiyeoba, 2000).Measures have been taken
address the root problems of poor sanitation amshfenwater supplies in order to prevent future efzol
epidemics. In this regards, perhaps, preventiothefdisease is the best way to counter subsequénteaks.
Necessary measures as boiling the water for drjkiwashing and cooking purposes, treatment of fatec
facilities, sewages and drainage systems, progpodal of infected materials such as waste prodadathing,
and beddings, treatment of infected faecal wastem@oduced by cholera victims and sterilisatibrutensils
either by boiling or by using chlorine bleach. Recstudies have also indicated that use of soaphamd
washing promotion can achieve a 26 to 62% decraasiee incidence of diarrhoea in developing cowstri
(Bouma and Pascual, 2001).

Many researchers have studied different ways oftrohimg Vibrio cholerae infections using leaves
extracts. Onyegbulet al. (2011), reported the antimicrobial activity Bfpoleona imperialis extract against
some microorganism. He demonstrated the antibattend wound healing properties of this plant ettan
albino rats. According to Ayodele (2005), an infusiof the leaves dflapoleona imperialis is used to dissolve
clotted blood in freshly delivered woman but usedvarmifuge for children. He equally stated tha stem is
used to cure gonorrhoea while the root is usedute fever, but not work has been published on # af
Napoleona imperialis extract in controllingvibrio cholerae. Therefore this work has been designed to try other
measures of controllingibrio cholerae

MATERIALSAND METHODS

Study Area: The study was conducted in Aruolah dbdhudara streams at Uli, lhiala L.G.A., Anambraté&t
which is located at Latitude 5.78°N and Longitud878E in Southeast geopolitical zone of Nigeriai Ul
Community shares common borders with lhiala towghlueat Imo State, Amorka in Anambra State and (guis
in Imo State. Within the location of the streanh®, major anthropological activities are domestickso

Sample Collection: The containers used for samplieation were washed with detergent and water, and
was thoroughly rinsed with water and sterilizedhwi0% ethanol. The containers were inverted on abbed
bench, allowing the tiny droplets in the containergry up, and were aseptically closed. Water samgre
collected by lowering the plastic container insitie water body, 30 cm deep, allowed to overflowobef
withdrawing the container. The sampling points wapproximately 100 mm away from one another. The
samplings were done in triplicate. After collectidghe sample were covered and placed in a coole@ating
ice block to maintain the temperature during tramigiion for laboratory analysis.

Experimental Mice: A total of twenty (24) mice ofixad sex obtained from animal keeping house at
Nnobi, Anambra State were used for this study. Tiiee were kept in separate, thoroughly cleaned and
disinfected cages and provided with feeds and veatdibitum.

Inoculation into the mice: This was carried outngsthe method of lheukwumeet al. (2012). Broth
culture of the isolate was centrifuged at 3000mr.for 10 minutes. The sediment was diluted wittrilgte
phosphate buffer saline (PBS) and adjusted to @€Fu/ml using 0.5 McFarland matching Standard. Tthen
mice (six in number) were inoculated orally wittbOnl of the inoculums while the control group ($ix
numbers) were only given distilled water.

Examination of infected mice: The infected mice evearefully observed for the clinical manifestatufn
the organism for a period of 4 weeks. The numbedeazths was also observed. After 4 weeks, sombeof t
infected mice sacrificed and gross examinatiomtirnal organs morphologies was carried out.

Re-isolation of the organism from the infected aigyaThe internal organs of the infected mice were
harvested and portions were aseptically maceratepeptone water and serial diluted using ten-fadas
dilution. Samples were inoculated into peptone wateubated at 3T for 24 h (Iheukwumeret al.2017).

Histopathological Study: This was carried out usithg modified method of Iheukwumeee al.(2013).
This study was done in Zoology Department, Univgrsif Nigeria, Nsukka. After 4 weeks, the mice were
autopsied. The internal organs were removed, pomibthese organs were washed with PBS and stored i
formalin solution for histopathological examination

Protection of infected mice: This was carried ading the modified methods of Wafa al.
(2012)Napoleona imperialisand Ciprofloxacin were used for this study.

Processing the leaves: The fresh leaveblagoleona imperialis were harvested,washed and dried under
shade at room temperature for 14 days. The dri@eele were ground to powdered form using steriletiide
grinder. Twenty grams of the ground leaves was nadéeé with distilled water for 72 h. The mixture sva
filtered using Whatman No. 1 filter paper (Nwostal. 2010).The constituent of the extracts were deteth
quantitatively using spectrophotometric method gshre methods of Iheukwumere and Umedum(2013).

Experimental design: The mice were grouped intedh#) groups which include group A, B and C. Each
group contained total of six mice. The treatmeontthe group were as follows: Group A: Blank Contfahly
distilled water) was given. Group B: Antibiotic (ffacycline), 0.25g/L for the mice for period of dys, Group
C: Medicinal Plant fapoleona imperialis), 0.5 ml/ mouse for period of 10days. Group D: Inéecwithout
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treatment, 0.5ml/mouse. The experimental mice weza exposed to the isolate via oral route aftdays. The
mice were carefully monitored for a period of 2 ke

Examination of protected mice: The protected mieeencarefully observed for the clinical manifestatof
the inoculated organism for period of 2 weeks,gtaection rates of the inhibitory substances verermined,
and the mice were sacrificed and gross examinatfche morphologies of internal organs and intestirere
carried out. Also the internal organs were harvksted some portions of these organs were cultunefGBS
agar, and incubated at %7 for 48 h. The counts were taken and the colowe® identified morphologically
and biochemically (Wafaet al.2012). The remaining portions of the organs wengexted to hispathological
examination (lheukwumeret al.,2013).

Statistical Analysis: The data generated from shigly were represented as mean =Standard deviatidn
then charts. The test for significance at 95% dmnfce interval was carried out using Student “Bt.te

RESULTS

Vibrio cholerae was characterized and identified using its morpiwlacolony description and biochemical
reactions (Table 1). The isolate agglutinates fBBICS, haemolyse sheep RBCS and tested positivatatase
test, oxidase test, nitrosoindole test, string ¥Bttest, glucose test, Sucrose test, Arabinategaccharose test,
citrate test, and motility test.The prevalenceVitfrio cholerae in water samples collected from two major
streams used in Uli community is shown in Tabl&!2 result of the present study revealed Yhhatio cholerae
was significantly (P> 0.05) seen more in water samples collected fromhutara stream as compared to water
samples from Aruolah streams. The gross morphotddiie internal organs and intestines of the irdéahice
is shown in Table 3Vibrio cholerae caused fluid accumulation in the intestine, hymgty of the liver and
kidney, liver and kidney congestion, perihepatitiel death of some mice.The mean growth coundilmio
cholerae from the internal organs of the infected miceliewsn in Table 4Vibrio cholerae is significantly (P>
0.05) seen most in the lungs, followed by the gpleed liver shows the least count. Nibrio cholera was
isolated from the internal organs of the controteniThe results of the histopathological examimatié the
internal organs of the showed obvious pathologaats. There was severe congestion in the liveea@alby in
the sinusoids, mild disintegration of cartilage reunding the bronchiole and infilteration of celgth
extravasation of blood around the connective tissnethe lungs, diffuse severe necrosis of the lagowith
minor blood congestion around the tubules in thinéy and severe necrosis of the red pulp with cetapl
leaching off of venous sinuses in the spleen. Naicus pathological signs were recorded among therab
organs.The quantitative phytochemical analysishefleaves oNapoleona imperialisis shown in Table 5. The
result revealed the presence of alkaloids, sapsnrflavonoids, phenolics, tannins and glycosidelsest
phytochemical constituents may be responsibleHerdctivity of the leaves extracts Napoleona imperialis.
Gross morphological examination of the internalamg of protected mice againdtorio cholera is shown in
Table 6. There was mild fluid accumulation, moderaypertrophy and congestion of the liver in thestines
of the mice protected witNapoleona imperialis leaves extracts and tetracycline. Re-isolatiokibfio cholerae
from the internal organs of protected mice is shawmable 7. Vibrio cholera was re-isolated mostly from the
organs of mice protected witdapoleona imperialis leaves extracts compared to the organs of miceegtexd
with tetracycline. The positive control total coustsignificantly high. The Percent-organ body wigatio of
the protected mice is shown in Table 8. There lisgh Percent-organ body weight ratio of the orgahmice
protected wittNapoleona imperialis leaves extracts compared to the organs of micegted with tetracycline.
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Table 1: Characteristic and identity\dbrio cholerae

Parameter

Vibrio cholerae

Appearance on TCBS Agar
Elevation

Size (mm)

Gram Reaction

Shape

Catalase

Oxidase

Nitrosoindole test

String test

Agglutination with Fowl RBCS
VP test

Glucose

Sucrose

Arabinose

Saccharose

Citrate

Motility

Yellow colonies
Convex
Entire

Comma shaped (Vibrio)

+ 4+ + + 4+ + + +

+ o+

+

Mm = Millimeter, TCBS= Thiosulphate Citrate Bile 8ose, VP= Vogesprokaurer, RBCs= Red Blood Cells

Table 2: Prevalence dfibrio cholerae in water samples collected from two major streas®sin Uli community

Stream Total isolate Per centage (%)
A 29 67.44

B 14 32.56

Total 43 100

A= Ubahudara stream, B= Aruolah stream.

Table 3: Gross morphologies of the internal orgams intestines of the infected mice
Parameter Observation
Haemorrhage of the liver Absent
Haemorrhage of the lungs Absent
Haemorrhage of the kidney Absent
Haemorrhage of the heart Absent
Fluid accumulation in theintestine Present
Hypertrophy of theliver Present
Hypertrophy of the kidney Present
Liver congestion Present
Kidney congestion Present
Pericarditis Absent
Perihepatitis Present
Death Present

Table 4: Mean growth count ®brio cholerae from the infected organs

Organs e

\%)Srtlo cholera counts (CFu/qg) Control
Liver 77 —
Lungs 124 —
Kidney 42 —
Spleen 105 —
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Table 5: Quantitative phytochemical constituentblafoleona imperialis
Leaves extracts

Parameter Amount (%)
Alkaloids 3.14
Tannins 4.16
Saponnins 1.62
Flavonoids 1.08
Phenolics 3.12
Steroids 0.92
Glycosides 1.04

Table 6: Gross morphological examination of therinal organs of protected
Mice againsVibrio cholerae

Parameter

Observatio

F, A B F;
Haemorrhage of the liver — — — —
Haemorrhage of the lungs — — — —
Haemorrhage of the kidney — — — —
Haemorrhage of the heart — — — _
Fluid accumulation in the intestine — + + +++
Hypertrophy of the liver — ++ ++ T+
Hypertrophy of the kidney — — — _
Kidney congestion — — — +
Liver congestion — ++ ++ 4+
Pericarditis — — — —
Perihepatitis — — _ 4+
Death — — _ ++

A — Napoleona imperialis, B — Tetracycline, +++ = High , ++ = Moderate; Mild
F, = Positive control, 5 = Negative control

Table 7: Re-isolation of théibrio cholerae from the internal organs of Protected mice

Organs Total Mean Counts (Cfu/g) x10

A B F, F,
Liver — — 77 —
Lungs 27 22 124 —
Kidney 31 26 42 —
Spleen 47 33 105 —

A-Napoleona imperialis leaves extracts, B- Tetracycline,-FPositive control, F2- Negative control

Table 8: Percent-Organ body weight ratio of theguted mice

Percent-Organ body weight Ratio (%)

Organs

A B Fy F,
Liver 14.02 13.86 14.40 13.27
Lungs 2.98 2.36 3.08 2.11
Kidney 1.34 1.17 1.86 0.93
Spleen 1.31 1.21 1.61 0.91

A- Napoleona imperialisleaves extracts, B- Tetracycling; Positive control, = Negative control

DISCUSSION

The biochemical reactions, morphological tests eoldny description of vibro cholera isolated frotneam
samples collaborates with the report of Sagar (204Ho worked on biochemical tests fdibrio cholerae. The
variation inVibrio cholerae loads among the two streams could be attributédetdact that Ubahudara stream is
more close to human settlement and more anthropalogctivities takes place in this stream than cdah
stream. Similar conclusions were drawn by Farugual. (2000). Wenjing (2000) also reported that most
drinking water contamination can be attributed tonln activities. The accumulation of fluid in theteistines
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collaborates with the report of Muanprasasl. (2012). The accumulation of fluid in the intestec®uld be due
to the production of hemolysin-cytolysin toxin agesult of choleragen toxin activation. Similar ukkswas
reported by De, (2007). The gross morphologicah@ration of internal organ of infected mice agaivgirio
cholerae revealed congestion in liver and kidney. This agrith the report of Nanayakkaeh al. (2009).
Oliver et al. (2007) also reported the death of mice associafid systemic spread of infection caused by
choleragen toxin released Bfibrio cholerae. The significant growth oWibrio cholera observed from the
internal organs of infected mice showed that thganism was able to invade and multiply in theseansg
Similar result was reported by Basu, (2000). Thesent study revealed that the significant growthvibfio
cholera observed in the lungs agrees with the findings bed et al. (2007).This phytochemical constituent
seen in the studied plant extract could be resptn$dr the pharmacological effect of the extraxteported by
Onyegbuleet al. (2011). Many researchers have shown that plahtin tannin and phenolic compounds have
been shown to poses antimicrobial activities againsumber of microorganisms (Bhalodia and Shuk{d,1).
The absence of kidney congestion, perihepatitiathdand mild accumulation of fluid in the intest@esociated
with the protected mice corroborates with the firgydi of other researchers (Esimael., 2005; Fagboluet al.,
2010). The low count ofibrio cholera associated with internal organs of protected mfter énfection shows
that these antimicrobial substances were able dtegr the organs against invading pathogens (Cbktel .,
2000). Tetracycline offered better protection wisempared with thé&lapoleona imperialis leaves extracts. The
Percent-organ body weight ratio of the organs oferprotected wittNapoleona imperialis leaves extracts
weighed high when compared to the organs of thee mpiotected with tetracycline. The liver of the enic
protected with medicinal plant has the highest Weifpllowed by the lungs; the spleen has the leasght. The
low weight associated with mice protected withaeycline could be as a result of the side effed¢etrhcycline
(Wilsonet al. 2007).

CONCLUSION

The study revealed the effectsdpoleona imperialisleaves extracts and tetracycline\dibrio cholerae. It can
also be stated that the both can be used in thértemt ofVibrio cholerae. However, tetracycline was more
effective and can be used in the treatment of huthseases caused Bibrio cholerae.

REFERENCES

Ajaiyeoba, E. O. (2000). Phytochemical and antiptiGal studies of Gynandropis gynandra and
Buchholziacoriaceae extracts African Journal of Biomedical Research3: 161-1653.

Arora, D. R. and Arora, B. B. (2008). Text book Mfcrobiology, 4" ed. CBS Publishers and Distributors
PVT.LTD.New Dehli, India.Pp 40-49.

Ayodele, A.E. (2005). The medicinally important fieavegetable of South western Nigeri@onservation of
medicinally important leafy vegetablesin Nigeria68:35-72.

Basu, S.and Pickett, M. J. (2000). ReactionVdirio cholerae and choleragenic toxin in ileal loop of lab
animals.Journal of Bacteriology 100: 1142—-1143.

Bhalodia, R. N. and Shukla, V. J.(2011). Antibaieteand antifungal activities from leaves extracfsCassia
fistula: An ethnomedicinal plariournal of Advanced Pharmaceutical Technology and Research 2: 104—
109

Borroto, R.J. and Martinez-Piedra, R. (2000). Gaphical patterns of cholera in Mexitaternational Journal
of Epidemology29:764—772.

Bouma, M.J. and Pascual, M. (2001) Seasonal andaimbual cycles of endemic cholera in Bengal iati@h to
climate and geographiournal of Environmental Science 73:911-952.

Colwell, R. R. (1996). Global climate and infectiodisease: the cholera paradigimurnal of Science274:2025—
2031.

De, S. N. (1991). Cholera: Its pathology and pgémesis, Second Edition. Oliver and Boyd LTD. Lamdo
England. pp. 90-98

Esimone, C. O., Ibezim, E. C. and Chah, K. F. (200&e wound healing effect of herbal ointmentsrfolated
with Napoleona imperialis. Journal of Pharmaceutical Science 3:29-299.

Fagbohun, E. D.,David, O. M., Adeyeye, E. I. ande@le, O. (2010). Minimal inhibitory concentration
composition and antibacterial activities of somieated traditional medicinal plants used in thetmeent
of gastrointestinal infections in Nigeridnternational Journal of Pharmaceutical Sciences Review and
Research 5: 192-197.

Faruque, S. M., Albert, M. J., Mekalanos, J. JO@®0 Epidemiology, genetics and ecology of toxigevibrio
cholerae. Microbiology and Molecular Biology Reviews 62: 1301-14.

Iheukwumere, I.H., Ejike, C.E. and Okeke, C.E. (201A trial to prevent sorbitol negativescherichia coli
infections in chicks using autogenous bactracid probiotics.Journal of Natural Sciences Research
7(4):56-63



Journal of Health, Medicine and Nursing www.iiste.org
ISSN 2422-8419  An International Peer-reviewaardal E-I_.!l]
Vol.40, 2017 IIS E

Iheukwumere I.H. and Umedum, C.U. (2013). Effect@dssypiumhirsutumleaf extract on Gram-negative
bacteria isolated from the cervix of females wittexplained infertility.African Journal of Sciencel4(1):
3261-3270

Joseph, S., Colwell, R. and Kaper, J. (200&8prio parahaemolyticus and related halophilicVibrioGritical
Reviews in Microbiologyl0: 77-124

Lipp EK, Huqg A, Colwell RR (2002) Effects of globalimate on infectious disease: The cholera mdcléhical
Microbiology Reviewsl5: 757-770.

McLaughlin, J. C.Murray P. R, Baron E. J. and RfalIM.A.( 1995) Vibrio In: Manual of Clinical
Microbiology. 6th ed. Washington, DC: American Society Medica$465—476.

Michael, C.H. (2010). Bacterial infectiodsurnal of Infectious Diseases113: 23-25.

Muanprasat, C., Sivianant, |., Soodvilai, S., Chwlisiri, R., Suksamrarn, A. (2012). Novel action tbé
chalconeisoliquiritigenin as a cystic fibrosis sarembrane conductance regulator (CFTR) inhibitor;
potential therapy for cholera and polycystic kidmkgeaseJournal of Pharmaceutical Sciences118: 82—
91.

Nanayakkara, D. P., Ratnayake, R. M. andRanasidgi@e (2009). Histopathological changes in brkidney
and liver of mice following intramuscular adminaion of Krait venomJournal of Science38(1): 1-10.

Nwobu, R. A., Uzochukwu, I. C. and Okoye, E. L. 12). Phytochemical analysis and antimicrobiahatstiof
Hyptissuaveolenslournal of Phytochemistry, pharmacology and Therapeutics 1: 390-396.

Oliver, V., Haines, G. K., Tan, Y. and Satchell, X.(2007). Hemolysin and the multifunctional aptocessing
RTX toxin are virulence factors during intestimaection of mice withvibrio cholerae EL Tor O1 strains.
Journal of Infectious Immunology 75: 5035-5042.

Onyegbule, A. F.,Anowi, C. F., Gugu, T. H. and Wedosa, A. U. (2011). Evaluation of antimicrobial
properties of ethyl acetate extract of the leavieNapoleona imperialis family lecythiaceaelnternational
Journal of Drug Research and Technology 1(1): 45-51.

Sack, D.A., Sack, R.B. and Chaignat, C.L. (2006})iGg serious about choleEngland Journal of
Medicine355: 649—-651.

Sagar, A. (2014) Biochemical test fdgibrio cholerae. Journal of Infectious Diseases28(5): 25—-34.

Srinivas, K., Grierson, D. S. and Afolayan, A.20Q7). Ethnobotanical information of medicinal gknsed for
treatment of cancer in the eastern Cape provimmethSAfrica. Current Science 92(7):115-132.

Thompson, F. L., Gevers, D. Thompson, C. C., DawyRd Naser, S., Hoste, B., Munn, C. B. and Swidgs
(2005). Phylogeny and molecular identification d@frios on the basis of multilocus sequence analysis
Applied and Environmental Microbiology7(9): 5107-5115.

Waffa, A .A ., Soumaya, S.A.E., Hafem, M.E. and&e E.D. (2012). A trial to preveBalmonella enteritidis
infection in broiler chickens using autogenoush@cteompared with probiotics preparatiojournal of
Agricultural scienced: 91— 108.

Wenjing, P. (2000). Modelling the growth Sflmonella in cut red round tomatoes as a function of tentpesza
Journal of Microbiology 4: 21—-30.



