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Evaluation of the Antibacterial and Antidiarrhoeal Activities
of Heeria Insignis O. Ktze
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Agunu, et al.: H. insignis Antibacterial and Antidiarrheal Activities

Heeria insignis O. Ktze (Anacardiaceae) is an indigenous African shrub used in treatment of diarrhea, venereal diseases,
tapeworm, hookworm, schistosomiasis, kidney trouble and for increasing lactation in women after childbirth. The
methanol and dichloromethane extracts of the leaves were evaluated for antibacterial activity (using agar-diffusion
method) and antidairrheal activity (using isolated rabbit jejunum and castor-oil induced diarrhea in mice). The
methanol extract gave higher antibacterial activity than dichloromethane. The order of susceptibility of test
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microorganisms to methanol extract were Salmonella typhi>Pseudomous aeruginosa> Staphylococcus aureus>Bacillus
subtilis> Escherichia coli which were comparable to standard. The minimum inhibitory concentration of the methanol
extract for these microorganisms was also determined. The minimum inhibitory concentration (mg/ml) of methanol
extract against microorganisms is; B. subtilis (3.9), S. aureus (1.95), E. coli (62.5), Ps. aeruginosa (3.9) and S. typhi
(1.95). On the isolated rabbit jejunum evaluation, both extracts produced concentration-dependent relation of
isolated rabbit jejunum that was not blocked by phentolamine, suggesting that extracts act via mechanisms other
than alpha-adrenergic receptor. In the castor oil-induced diarrheoeal test, each extract gave 80% protection at 200
mg/kg, which is comparable to loperamide 2 mg/kg with 80% protection. This finding may explain the use of the

plant in diarrhea and bacterial diseases.
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Diarrhea is a major health worry and sources of
malnutrition in developing countries!'l. It is an
impaired absorption and hypersecretion syndrome
of the gastrointestinal tract!’). Diarrhea may be
brought about by viruses, bacteria, fungi, protozoa,
drugs and bacteria endotoxins?®!. In Nigeria, diarrhea
remains the major killer disease among children
under 5 years, while 7-12 months-old-babies remain
the most susceptible®. It is estimated that diarrhea
causes 4-5 million deaths annually throughout the
world. Eighty percent of these deaths are reported in
developing countries including Nigeria. To combat
the problem of diarrhea in developing countries, the
World health organization (WHO) has constituted
a diarrhea disease control program aimed at the
holistic approach to include all aspects of traditional
medical practices, evaluation of health education and
preventive approaches>®!.

In this investigation, Heeria insignis O. Ktze
(Anacardiaceae) is evaluated for its traditional usage
in bacterial and diarrhea infections. It is an indigenous
African shrub found extensively in the southern
savanna from .Senegal to Niger and Nigerial”. This
specie has a wide range of healing properties namely:
in the treatment of diarrhea and veneral diseases,
tapeworm and hookworm, schistosomiasis, kidney
diseases and for increasing lactation in women after
childbirth™. Tt is known among the Hausas (majority
tribe in northern Nigeria) as Kykenleshi daji.

The leaves of Heeria insignis were collected in
Zaria, in December, 2006. This was identified by
taxonomical means and authenticated at the herbarium
unit of the Department of Biological Science, Ahmadu
Bello University Zaria, Nigeria where a voucher
specimen number 0015 is available for reference.
The air-dried and grounded leaves of the plant were
successively extracted first with dichloromethane and
latter with 70% methanol at room temperature. The
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filtrate from the maceration was concentrated and
evaporated under normal conditions!, to give the
dichloromethane (yield of 4.6% w/w) and methanol
(yield of 7.8% w/w) extract, respectively.

New Zealand rabbits weighing 2.0 kg and Swiss
albino mice weighing 18-25 g maintained in the
Animal House of the Department of Pharmacology
and Clinical Pharmacy, Ahmadu Bello University,
Zaria, Nigeria were used for the experiments. The
animals were kept in a well-ventilated area, fed with
standard feed (feed masters Ilorin, Nigeria) and water
ad libitum. This research was carried out in Ahmadu
Bello University, Zaria, Nigeria according to the rules
governing the use of laboratory animals as acceptable
internationally.

A preliminary phytochemical study was carried out
on the leaf using standard methods®!'". Antibacterial
activity was carried out using agar-diffusion method.
MIC was conducted using serial dilution method
while antidiairrhoeal property was evaluated using
rabbit jejunum and castor oil models.

Antibacterial susceptibility test of standardized
log phase cells (10° cells/ml) of Bacillus subtilis
NCTC 8326 B76, Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25722, Pseudomonas
aeruginosa ATCC 27853 and Salmonella typhi
(clinical isolate in Zaria, Nigeria) against selected
antibacterial agents namely amoxicillin (25 pg),
amoxicillin-clavulanic acid (20/10 pg), tetracycline
(30 pg), ofloxacin (30 pg), nalidixic acid (30 pg),
co-trimoxazole (25 pg), nitrofurantoin (30 pg), and
Heeria insignis methanol extract (100 mg/hole) was
determined using the official microbiological protocol
of agar diffusion method!!?!,

Standardized overnight cultures of test bacterial
cells was used to seed melted Murller Hinton Agar
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(MHA) at 45° and poured into sterilized plate in
triplicates aseptically. These were allowed to solidify.
Antibiotic discs were then aseptically placed at
reasonable equidistant on the seeded MHA plates
and allowed to stand for one hour. For the methanol
extract of Heeria insignis, each seeded plate of test
bacteria was bored with 6.0 mm diameter sterile
cork borer. The base of the hole sealed with 1.0 ml
of the plant extract and allowed to stand for one
hour, for proper diffusion. These plates were then
incubated at 37° for 18 h. The diameter of zone of
inhibition produced by each antibiotic disc or plant
extract was measured (using metric rule) and the
result interpreted!'*.

In determining the MIC, graded concentration of the
extract were prepared and mixed with melted (45°)
Mueller Hinton Agar in triplicates using doubling
dilution method aseptically. The plates were then
inoculated with 0.1 ml of 10° cells/ml of log-phase
washed cells of test bacteria. Negative and positive
controls were also set up. The plates were incubated
at 37° for 18 h. The lowest concentration that showed
no visible growth was considered as the MIC of the
plant extract against the test bacterial'*!.

A modified method as described by Agunu'’! was
used. A 24 h fasted rabbit was scarified by a blow on
the head and exsanguinated. Segments of the jejunum
(2-3 cm) were removed and dissected free of adhering
mesentery. The intestinal contents were removed by
flushing with tyrode solution of composition (in mM):
NaCl 136.8, KCI 2.7, CaCl, 1.3, NaHCO, 12.0, MgCl,
0.5, NaPO, 0.14 and glucose 5.5. The tissues were
mounted in a 25 ml organ bath containing tyrode
solution maintained at 37+1.0° and aerated with air.
An equilibrium period of 60 min was allowed during
which physiological solution was changed every
15 min. Effects of acetylcholine (2.0x107-3.2x108
g/ml), methanol extract (1.6x10%-3.2x10?), and
dichloromethane extract (8.0x10°6-1.6x107%) were
investigated non-cumulatively. The contact time for
each concentration was 1 min, which was followed
by washing the tissue three times. The tissue was
allowed to rest for 15 min before the next edition.
At 2.0 and 4.0 mg/ml dose of extract, the effect of
phentolamine (PTA) on tissue responses was also
determined. Responses were recorded isometrically
using Ugo Basile microdynamometer 7050 and
maintained at sensitivity of 2 and paper speed of 24
mm/min.
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The mice were fasted for 12 h prior to the
commencement of the experiment and were
randomly divided into six groups of five mice
each. The mice in the first group received normal
saline i.p while mice in the second and third groups
received 100 and 200 mg/kg orally of methanol
extract while the fourth and fifth groups received
100 and 200 mg/kg orally of dichloromethane
extract. The sixth group received loperamide 2
mg/kg orally. After 30 min of administration of
the extract, castor oil (0.2 ml/mouse) was given
intragastrically. The animals were placed in
individual cages over clean filter paper. Three hours
after caster oil challenge, the cages were inspected
(by an observer unaware of the particular treatment)
for the presence of the characteristic diarrheal'® and
the percentage protection calculated"”. The result
was analyzed using chi-square.

Preliminary phytochemical study on the leaves reveals
the presence of tannins, flavoniods, saponins, cardiac
glycosides and steroids. Alkaloids and anthraquinones
are absent. The methanol extract gave higher
antibacterial activity than dichloromethane extract.
The order of susceptibility of test microorganisms to
methanol extract were Salmonella typhi>Pseudomonas
aeruginosa>Staphylococcus  aureus>Bacillus
subtilis>FEscherichia coli which were comparable
to standard (Table 1). The methanol extract at 100
mg/hole had greater zone of inhibition compared to
standard drugs used except ofloxacin on S. typhi.
Similarly, only ofloxacin and nitrofurantion gave
higher activity on E. coli compared to the methanol
extract.

The MIC of the methanol extract for the
microorganisms were also determined (Table 2).
The MIC (mg/ml) of methanol extract against
microorganisms is; B. subtilis (3.9), S. aureus (1.95),
E. coli (62.5), Ps. aeruginosa (3.9) and S. typhi
(1.95). The extract is particularly very effective
against S. aureus and S. typhi both with MIC of 1.95.

On the isolated rabbit jejunum evaluation, both
extracts produced concentration-dependent relaxation
of isolated rabbit jejunum up to a point. At doses of
0.5 to 4.0 mg/ml, extracts exhibit increased relaxation
of rabbit jejunum. However at 8.0 mg/ml, there was
no increase in tissue relaxation compared to 4.0 mg/
ml (Table 3). Similarly activity of both extracts was
not blocked by pentolamine, suggesting that extracts
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TABLE 1: SUSCEPTIBILITY PROFILE OF TEST BACTERIA AGAINST ANTIBIOTICS AND HEERIA INSIGNIS

Antibacterial

Diameter zone of inhibition (mm)

B.subtilis S. aureus E. coli Ps. aeruginosa S. typhi
Amoxicillin (25pg) 26.5+0.4 16.5+0.2 0.0 2.1£0.2 23.0+0.7
Amoxicillin-clavulanic acid (20/10ug) 20.5+0.2 10.5+0.01 0.0 29.0+0.5 30.0+0.45
Gentamicin (10 pg) 27.0£0.2 31.00.1 0.0 29.0+0.5 30.0£0.45
Tetracycline (30 pg) 20.5+0.2 31.0£0.1 0.0 20.5+0.2 27.0+0.3
Ofloxacin (30 pg) 45.0+0.2 36.0£0.2 21.5£0.2 41.0+0.8 39.0+0.4
Nalidixic acid (30 pg) 30.5+0.2 0.0 0.0 29.0+0.4 30.5+0.2
Co-trimoxazole (25 pg) 20.5+0.2 0.0 0.0 17.0+0.04 27.0+0.5
Nitrofurantoin (300 pg) 28.5+0.2 32.5+0.25 17.0£0.02 31.5+0.5 30.5+0.25
Heeria insignis methanol extract (100mg/hole) 26.0£0.5 27.5+0.65 16.5+0.65 29.0+0.4 35.0£0.75

Ps. aeruginosa = Pseudomonas aeruginosa ATCC 27853, B. subtilis = Bacillus subtilis NCT 8326 B76, S. aureus = Staphyllococcus aureus ATCC 25923, E. coli =
Escherichia coli ATCC 25722, S. typhi = Salmonella typhi (clinical isolate), Cork borer diameter = 6.0mm

TABLE 2: MIC OF HEERIA INSIGNIS METHANOL
EXTRACT AGAINST TEST BACTERIA

TABLE 3: INHIBITORY EFFECTS OF PLANT EXTRACTS
COMPARED TO ACETYLCHOLINE ON RABBIT JEJUNUM

Test bacteria MICs of H. insignis methanol extract

B. subtilis 3.90
Staph. aureus 1.95
E. coli 62.50
Ps. aeruginosa 3.90
S. typhi 1.95

act via mechanisms other than alpha-adrenergic
receptors.

In the castor oil-induced diarrhoeal test, the
methanol extract gave 60% protection at 100 mg/
kg, which increased to 80% at 200 mg/kg. However,
dichloromethane gave 80% protection at 100 mg/kg,
which did not increase with increase in dosage (200
mg/kg) and is comparable to loperamide (2 mg/kg)
with 80% protection (Table 4). Extracts significantly
(P<0.05) protected mice from diarrhea compared to
control.

Plants have long being in use by man in maintaining
health and wellbeing, Worldwide, there is increase in
the use of medicinal plants both in developed and
developing countries. Heeria insignis is a medical
plant used in Nigeria for various purposes including
skin diseases and diarrhea. The antibacterial
investigation shows that the methanol extract
produced significant zone of inhibition against test
bacteria in the order Salmonella typhi>Pseudomonas
aeruginosa>Staphylococcus aureus>Bacillius
subtilis>Escherichia coli (Table 1). The extract had
highest antibacterial activity (zone of inhibition)
against Salmonella typhi. At the concentrations used,
the methanol leaves extract appears significantly
better than standard antibiotics such as amoxicillin,
gentamicin, tetracycline, nalidixic acid, co-
trimoxazole on E. coli. The MICs (in mg/ml) of
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Dose (mg/ml) Percentage responses to plant extracts
Dichloromethane  Methanol extract

extract
Acetylcholine 62.5 62.5
0.5 12.5 12.0
1.0 11.0 10.5
2.0 8.5 7.0
2.0 with PTA 8.5 7.0
4.0 7.5 6.5
4.0 with PTA 7.5 6.5
8.0 7.5 6.5

TABLE 4: PLANT EXTRACT PROTECTION COMPARED

TO STANDARD AND CONTROL
Extract/drug Dose No. of mice %
mg/kg protected protection

Normal saline 0.5 ml 0/5 0.0
Methanol extract 100 3/5 60

200 4/5 80
Dichloromethane extract 100 4/5 80

200 4/5 80
Loperamide 2 4/5 80

Both extracts and loperamide significantly (p<0.05) protected mice against
castor oil-induced diarrhea when compared with the control (n=5).

methanol extract against microorganisms (Table 2)
are; B. subtilis (3.9), S. aureus (1.95), E. coli (62.5),
Ps. aeruginosa (3.9) and S. typhi (1.95). The MICs,
especially for S. aureus and S. typhi at 1.90 mg/ml,
shows the strong antibacterial activity of the plant,
as these bacteria are implicated in diarrhoeal®. On
the isolated rabbit jejunum evaluation, both extracts
produced concentration-dependent relaxation of
isolated rabbit jejunum up to a point. At doses
of 0.5 to 4.0 mg/ml, extracts exhibit increased
relaxation of rabbit jejunum. However at 8.0 mg/ml,
there was no increase in tissue relaxation compared
to 4.0 mg/ml. Similarly activity of both extracts was
not blocked by pentolamine, suggesting that extracts

Indian Journal of Pharmaceutical Sciences 331



www.ijpsonline.com

REFERENCES

act via mechanisms other than alpha-adrenergic
receptors.

Flavonoids have been found in vitro to be effective

1.

WHO. Diarrhoea disease control programme. WHO export committee,
technical report series. Geneva, 27 Switzerland: WHO; 1986. p. 722,
1211.

antimicrobial substances against a wide array of 2  Alan B. Health Digest. ] Am Chem Soc 1982:2930:10-2.
. . Thei .. . bablyv d 3. Jawetz E, Melnick JL, Aldelberg EA. Review of Medical microbiology.
mlcro.orgar.n.sms. eir aCtIV.lty 1S probably due 16th ed. Los Altos, California: Lange Medical Publication; 1984.
to their ability to complex with extracellular and 4. Audu R, Umilabug SA, Renner JK, Awodiji JA. Diarrhoea
soluble proteins, and to complex with bacterial cell management. J Niger Infect Control Assoc 2000;3:15.
1Is. Th Iso di t microbial b [18] 5. Syder JH, Merson MH. The magnitude of the global problem of acute
wa S.‘ €y can also disrupt microbial memoranes' . diarrhoea disease. A review of acute surveillance data. Bull WHO
Tannins on the other hand have many human 1982:60:605.
physiological activities such as Stimulation Of 6. Abdullahi AI, AgbO MO, Amos S, Gammanial KS, Wembebe C.
hveocvtic cells. host-cell mediated activity. and a Antidiarrhoeal activity of the aqueous extract of Terminalia avicennoids
p _yg y > ) . o ?” root. Phytother Res 2001;15:431-4.
wide range of antiinfective actions!"”). Tannins form 7. Daziel JM. The useful plants of west tropical Africa. London: Crown
complex with proteins through so-called nonspeciﬁc agents for overseas government and Administration; 1955. p. 738.
. : 8. Burkill HM. The useful plants of West Africa, Vol. 1, 2nd ed. Kew:
forces such as hydrogen bonding and hydrophobic Royal Botanical gardens: 1985
effects as well as by covalent bond formation!"*?, 9. Brain KR, Turner TD. Extraction procedures. In: The practical
SapOI’liIlS acts by complexing with the small amount evaluation of Phytopharmaceuticals. Bristol, UK: Wright Scentechnical;
f sterol in the cell membrane, thus interfering with 1975. p. 98.
o Ste.O the . 18] g 10. Sofowora A. Medicinal plants and Traditional medicine in Africa. In:
bacteria cell membrane permeability!'™. Standardization of herbal medicine. Lagos, Nigeria: Spectrum Books
Ltd; 1993. p. 56-61.
In the pathophysiology of diarrhea and cholera toxin 11.  Wolf PL. Practical clinical microbiology and mycology techniques
landi . li d E £ ol ’ and interpretation. New York: John Wiley and Sons Inc; 1975. p. 186.
prostag an' 1ns are lmp lcated. Extracts of p apts 12.  Baver AW, Kirby WM, Sherries JC, Turck M. Antibiotic susceptibility
that contain flavonoids!'®! are known to modify testing by a standardized single disc method. Am J Clin Pathol
the production of cyclooxygenase 1 and 2 and 1966;45:493-6. o .
li 197 thereby inhibiti taolandi 13. NCCLS. Performance standards for antimicrobial disc susceptibility test.
1poox¥genase creby 1nht l.lng prostaglan 1'ns Approved standard M2-45 National committee for clinical laboratory
production. Some plants show antidairrhoea properties standards villanova pan USA, 1993.
by their antimicrobial activities?'22l or by blocking the 14. Ehinmidu JO, Ibrahim YK. Antibacterial activity of low concentration
. . . 120] of antibiotic concentrations against resistant S. fyphi isolate in Zaria,
eicosanoids (prostaglandms and cqngeners) . Though, Nigeria. Nig J Exp Appl Biol 2004:2:133.9.
several constituents are present in the leave extract, 15, Agunu A, Yusuf S, Andrew GO, Zezi AU, Abdurahman EM. Evaluation
it’s, possible that flavonoids, tannins or steroids of five medicinal plants used in treatment of diarrhea in Nigeria. J
are singly or in combination are responsible for Ethnopharmacol 2005;101:27-30.

. 16. Diurno MV, Izzo AA, Mazzoni B, Bologgnese A, Capasso
the observed effects. The pharmaCOIOglcal effect of F. Antidiarrhoeal activity of two new thiazolidinones related to
loperamide is due to its antimotility and antisecretary loperamide. J Pharm Pharmacol 1996;48:760-2.

roperties?3]. 17.  Akah PA, Offiah VN. Gastrointestinal effects of Allamanda cathartica
prop leaf extracts. Int J Pharmacogn 1996;30:213-7.
. 18. Stern JL, liagerman AE, Steinberg PD, Masion PK. Phorotannin-protein
1 )
WHO!" recommends tha}t for diarrhea treatme.n‘F, (?ral interactions. ] Chem Ecol 1996:22:1877-99.
rehydration salt (ORS) is preferable over antibiotics.  19. Ladeji O, Zebulon SC, Okoye EU. Effects of Vitex doniana stem-bark
However, the traditional treatment of diarrhea is less on blood pressure. Niger J Nat Prod Med 1997;1:19-20. _
b . . d t 1Iv tolerate b 20. Christopher S, Williams A, Dubios RN. Prostaglandin endoperoxide
cumbersome, IMEXpensive and na qra y .O cra e . y synthase. Why two isomer? Am J Physiol 1996;270:G392-400.
the body system. The observed antibacterial activity  21. Dicarlo G, Autore G, Izzo A. Inhibition of intestinal motility and the
coupled with the effects on smooth muscle and castor secretion by flavonoids in mice and rats: Structural activity relationship.
il-ind d diarrh . t'fy the usage of the plant J Pharm Pharmacol 1993;45:1054-9.
orl-in u_ce larrhea may Jus.l usag p 22. llyas M, Haruna AK, Ilyas N. Plant constituents with antidiarrhoeal
leaves in the treatment of diarrhea. properties. Bull Sci Ass Nig 1995;10:5-12.
23. Couper IM. Opiod action on intestinal. The importance of intestinal
mucosa. Life Sci 1987;41:917-25.
ACKNOWLEDGEMENTS
The authors are grateful to Mr. M. D. Musa, the Accepted 20 June 2011
Herbarium keeper at the Department of Biological Science, Revised 17 June 2011
Ahmadu Bello University Zaria, Nigeria for authenticating Received 10 April 2010
the plant sample. Indian J. Pharm. Sci., 2011, 73 (3): 328-332
332 Indian Journal of Pharmaceutical Sciences May - June 2011



