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Abstract

Ipomoea involucrata (P. Beauv) is an annual or
perennial vigorous twining herb. Phytochemical
determination and in vitro antimicrobial activity of the
plant leaf, stem and root extracts were investigated
against some human pathogens using standard
techniques. Duncan’s Multiple Range Test (DMRT)
was used to measure the significance of any
differences. Highest concentrations of flavonoids,
saponins, tannins and terpenoids (2.78%0.03,
1.78+0.00, 1.35+0.01 and 2.31+0.01 mg/100g
respectively) were found in the leaf, while the highest
alkaloid content was detected in the root (2.32+0.028
mg/100g). The inhibitory activities of the leaf, stem and
root extracts increased with increasing concentration.
The leaf extract showed the highest inhibitory activity
against Aspergillus niger, Penicillum chrysogenum
and the entire test bacteria except Klebsiella
pneumoniae while the root extract showed the highest
inhibition of K. pneumoniae, Rhizopus stolonifer and
Fusarium oxysporum. Phytochemicals present in
different parts of 1. involucrata showed both
antibacterial and antifungal activities, hence,
suggesting its pharmaceutical potential.

Keywords: Alkaloids, Flavonoids, Terpenoids, Klebsiella
pneumonia, Penicillum chrysogenum, Zone of inhibition.

Introduction

Ipomoea involucrata (P. Beauv) belongs to the family
Convolvulaceae. Akobundu and Agyakwa! documented the
description of this plant. It is an annual or perennial twiner
with hairy stems rooting at nodes. It is reproduced from both
seeds and stock. The stem is slender, rather tough, with short
soft or long hairs and it either trials or climbs on other plants.
The leaves are alternate, ovate, 7 cm long and 5 cm wide,
heart-shaped at the base, blunt to acuminate-mucronate at
the apex, hairy and with entire margins. The petiole is 2-5
cm long. The inflorescence is an axillary cyme on a long
peduncle, 10-12 c¢cm long. The buds are packed in the
involucre and the flowers open one after the other. The
flowers are purplish, trumpet-shaped and are subtended by a
large, boat-shaped, long and hairy involucre.

The genus Ipomoea occurs in the tropics of the world
although some species also reach temperate zones.? Ipomoea
involucrata is very common throughout tropical Africa.® In
Nigeria, it is commonly found in both Northern and Southern
regions. It is also widely distributed throughout Ghana,
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tropical West Africa, Tanzania, East tropical Africa,
Zimbabwe, South Tropical Africa and northern South
Africa.*

Ipomoea involucrata has a wide variety of ethnobotanical
uses in West Africa. Burkill® stated some of its traditional
uses. In Gabon, it is considered as a good talisman for
fecundity so that pregnant women sometimes wear a liane
around the waist. In Congo, a length of stem is sometimes
tied around baby loins to promote walking. In Guinea, the
Lele cook and eat the leaves as spinach with rice or with
fonio (Digitaria exilis). In Sierra Leone, a decoction of the
fresh sap is taken as a remedy for gonorrhoea. The leaves are
used in Nigeria for asthma. In Congo, leaf-sap is applied and
rubbed into areas of localized oedema and is instilled into
the eyes for filarial infection; an aqueous decoction is taken
by women at childbirth to hasten expulsion of the after-birth.
In Ivory Coast, its preparation is added to baths or made into
a lotion for treating jaundice. Moreover, Okafor® reported
that the whole plant parts are used in treatment of convulsion
in Nigeria. In Ghana, the stems and leaves are used for
treating anaemia cases by local herbalists.”

Quality of medicinal plants as an antimicrobial agent is
based on the ability and degree with which their
phytochemical constituents restrain the growth of pathogens.
Microorganisms including bacteria, fungi, protozoa and
viruses are considered pathogenic when they reach a
population size that is large enough to cause disease.
Moreover, most synthetic drugs that are supposed to fight
germs have lost their potency because human pathogens
have developed immunity against them.

On the other hand, traditional medicine that had an age long
existence had started gaining credence over the last decade.
This is because plant-based drugs are considered to be
effective, relatively inexpensive and easily available. In
addition, they have negligible or no side effects. The efficacy
of the phytochemicals is either individually or
synergistically. Hence, current research efforts are focused
on finding alternative drugs from plant sources.

The objectives of this study, therefore, were to screen and
compare the phytochemical composition of I. involucrata
leaf, stem and root extracts, as well as to investigate the
antibacterial and antifungal activities of the plant parts
extracts against some human pathogens.

Material and Methods
Collection and preparation of plant sample: Mature I.
involucrata was collected from an abandoned farmland near
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Department of Botany laboratory at Nnamdi Azikiwe
University, Awka in the month of May. The plant was
identified and authenticated by Dr C.A. Ezeabara, a plant
taxonomist in Department of Botany Nnamdi Azikiwe
University, Awka, Nigeria.

The leaf, stem and root were cut into pieces with a knife and
then oven-dried (Model DX1032CXs, USA) at a
temperature of 65 °C for 12 hours. The samples were ground
in a mortar with a pestle and then in a blender (Panasonic,
Model Mx-Gx1521w, China) into powdered form and stored
in an airtight container prior to analyses.

Extraction of plant material: The methanol extracts of the
plant were prepared by soaking the respective powdered
samples of the leaf, stem and root in 200ml of methanol. The
concentrations of the extracts were determined by adding
50g, 75g, 100g and 150g in 100ml of methanol. The whole
set up was left for 24 hours at room temperature and
thereafter filtered using Whatmann filter paper. The extract
was then concentrated to 50ml of the extract and stored in an
airtight container in a refrigerator at 40 °C prior to analyses.

Qualitative phytochemical analysis: Qualitative tests were
conducted to determine the presence of alkaloids,
anthraquinones, flavonoids, phenols, sterols, saponins,
tannins and terpenoids with the methods outlined by
Ezeabara and Okonkwo.®

Quantitative  phytochemical analysis:  Alkaloids,
flavonoids and saponins were determined using the alkaline
precipitation gravimetric method, gravimetric method and
double extraction gravimetric method respectively.® Phenols
were determined using the Folin-Ciocaltean colorimetric
method.1® Tannin content of the samples was determined
using the Folin-Dennis colorimetric method described by
Kirk and Sawyer.'* Anthraquinones were determined by
spectrophotometric method as described by Ezeabara and
Egwuoba®?. Total terpenoid level was determined by the
method outlined by Ferguson.'®* Determination of sterol
content was done by the method described by Harborne.®

Determination of antimicrobial activity

Test organisms: The bacterial strains used were the gram-
positive:  Staphylococcuss aureus and Streptococcus
pneumoniae and the gram-negative: Escherichia coli,
Klebsiella  pneumoniae, Pseudomonas  aeruginosa,
Salmonella typhi and Shigella sonnei. The test fungi were
Aspergillus niger, Fusarium oxysporum, Penicillium
chrysogenum and Rhizopus stolonifer.

Sources of test organism: The pure cultures of the
microorganisms were collected from the Department of
Pathology, National Root Crop Research Institute, Umudike,
Abia State, Nigeria.

Antimicrobial susceptibility testing: The sensitivity test of
the plant extract was assessed using agar well diffusion
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method as described by the International Commission on
Microbiological Specifications for Foods.'* Both bacteria
and fungi pathogens were first grown in nutritional bath
before use and later sub-cultured in Mueller-Hinton Agar
(Oxoid Ltd).

Thirty-eight grams (38 g) of the medium was suspended in
Llitre of distilled water. The medium was entirely dissolved
by heating with constant stirring and later boiled for 1
minute. The mixture was autoclaved at 121 °C for 15 minutes
and cooled at room temperature. The cooled Mueller-Hinton
agar was then poured into sterile Petri dishes on a level
laboratory bench and a uniform depth of 4 mm was obtained.
The Petri dishes were left to solidify at room temperature.
The final pH of the prepared Mueller-Hinton agar was
checked to ensure it was 7.3+ 1 at 25°C.

A sterile 6 mm cork borer was then used to bore wells in the
agar medium. The wells were filled up with the solution of
the extract and care was taken not to spill the solution on
surface of the medium. The plates were allowed to stand on
the laboratory bench for 2 hours to allow proper influx of the
solution into the medium. Afterwards, they were incubated
at 37 °C for 24 hours. The plates were later observed for the
zones of inhibition. The effects of the extract on bacteria and
fungi pathogens were compared with those of the standard
antibiotic used at a concentration of 100 mg/ml. Ampicillin
was used for bacteria while fungabacter was used for fungi.

Statistical analysis: The experimental design adopted for
the study was completely randomized design. Analysis of
Variance (ANOVA) using SPSS version 21 was used to
analyse the data. Test of significance was measured using
Duncan’s Multiple Range Test (DMRT). The data were then
expressed as mean + standard deviation of triplicate
evaluations.

Results

Alkaloids, anthraquinones, flavonoids, phenols, saponins,
sterols, tannins and terpenoids were detected in parts of I.
involucrata (Table 1). The levels of flavonoids ranged from
1.45+0.04 mg/100g in the stem to 2.78+0.03 mg/100g in the
leaf. Saponin content varied from 1.08+0.02 mg/100g
present in the root to 1.78+0.00 mg/100g in the leaf. Highest
quantity of alkaloids was found in the root (2.32+0.03
mg/100g) while the least was detected in the stem
(0.53£0.01 mg/100g). Phenol contents ranged from
0.25£0.00 mg/100g in the stem to 0.46+0.00 mg/100g in the
root. Concentration of sterols ranged from 0.18+0.00
mg/100g in the root to 0.42+0.00 mg/100g in the leaf.
Highest level of anthraquinones was present in the root
(1.23+0.00 mg/100g) while the least was detected in the leaf
(0.65+0.28 mg/100g). Terpenoid content ranged from
1.06+0.00 mg/100g in the root to 2.31+0.01 mg/100g in the
leaf. There was no significant difference between the tannin
contents of the leaf and root that were the highest levels
while the least was found in the stem (1.05+0.00 mg/100g).
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At 100% concentration, the leaf extract showed the highest
inhibition of Staphylococcus aureus (5.71+0.01 mm),
Salmonella typhi (4.80£0.00 mm), Escherichia coli
(3.80£0.00 mm), Pseudomonas aeruginosa (5.25+0.35
mm), Shigella sonnei (5.03£0.04 mm) and Streptococcus
pneumoniae (6.09+0.13 mm), while the root extract showed
the highest inhibitory activity against Klebsiella pneumoniae
(6.80£0.00 mm) (Table 2). In addition, the leaf extract
showed the highest inhibition of Aspergillus niger
(6.50+0.00 mm), Rhizopus stolonifer (6.76+£0.34 mm) and
Fusarium oxysporum (6.40£0.14 mm), while the stem
extract showed the highest inhibitory activity against
Penicillum chrysogenum (8.30£0.00 mm) (Table 3).

At 150% concentration, the leaf extract showed the highest
inhibitory activity against all the test bacteria (Table 2).The
leaf extracts showed the highest inhibition of A. niger
(8.45£0.00 mm), P. chrysogenum (9.80£0.00 mm) and R.
stolonifer (9.45+0.00 mm) while the root extract showed the
highest inhibition of F. oxysporum (8.20+£0.00 mm) (Table
3). In addition, at 200% concentration, the leaf extract
showed the highest inhibitory activity against all the test
bacteria (Table 2) while for antifungal test, the leaf showed
the highest inhibitory activity against A. niger (10.71+0.01
mm), P. chrysogenum (13.00£0.00 mm) and R. stolonifer
(12.50+£0.00 mm) (Table 3). Furthermore, at 250%
concentration, the leaf extract showed the highest inhibition
of S. aureus (13.50+0.00 mm), Salmonella typhi
(12.54+0.09 mm), E. coli (11.75£0.07 mm), P. aeruginosa
(12.78+0.04 mm), Shigella sonnei (12.30+0.00 mm) and
Streptococcus pneumoniae (14.30+0.42 mm), while the root
extract showed the highest inhibitory activity against K.
pneumoniae (14.30£0.71 mm) (Table 2). Moreover, the leaf
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extract showed the highest inhibition of A. niger (13.60+0.14
mm) and P. chrysogenum (15.78+0.03 mm) while the root
extract showed the highest inhibition of R. stolonifer
(14.40+£0.28 mm) and F. oxysporum (14.55+0.07 mm)
(Table 3).

The leaf extract showed the highest inhibition of K.
pneumoniae at 100-200% concentrations and S. pneumoniae
at 250% concentration (Figure 1). The stem extract showed
the highest inhibitory activity against S. pneumoniae at
100% and 150% concentrations and K. pneumoniae at 200%
and 250% concentrations (Figure 2). The root extract
showed the highest inhibitory activity against K.
pneumoniae at all concentrations (Figure 3). The leaf and
stem extracts showed the highest inhibition of P.
chrysogenum followed by R. stolonifer at all concentrations
(Figures 4 and 5). The root extract showed the highest
inhibitory activity against F. oxysporum at 150-250%
concentrations (Figure 6).

Discussion

Generally, it was observed that there was variation in the
concentrations of the phytochemicals present in different
parts of I. involucrata. The leaf contained the highest level
of flavonoids, saponins, terpenoids and tannins. The stem
contained the highest concentration of anthraquinones while
the root contained the highest concentration of alkaloids and
phenols. These secondary metabolites exert different
biological actions on humans and animals. In Nigeria, the
whole |. involucrata parts are used in treatment of
generalized pain.’
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Figure 1: Zone of Inhibition (mm) of bacterial pathogens by leaf extract of Ipomoea involuncrata
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Phytochemical Composition (mg/100g)

Plant | Flavonoids | Saponins | Alkaloids Phenols Sterols Anthraquinones | Terpenoids Tannins
part

Leaf | 2.78+0.03¢ | 1.78+0.00¢ | 1.64+0.02° | 0.38+0.00° | 0.42+0.00¢ 0.65+0.282 2.31+0.01¢ | 1.35+0.01°
Stem | 1.45+0.04* | 1.24+0.01° | 0.53+0.01% | 0.25+0.00% | 0.23+0.00° 0.72+0.00° 1.82+0.03 | 1.05+0.00?
Root | 1.85+0.00° | 1.08+0.022 | 2.32+0.03° | 0.46+0.00° | 0.18+0.00% 1.23+0.00° 1.06+0.00% | 1.32+0.04°

Values are in Mean * Std of three replicates. Different letters in a column depict that the respective means were significantly different
(p>0.05).

Table 2

Effects of leaf, stem and root methanol extracts of Ipomoea involucrata on bacterial pathogens

Concentration

Bacterial Strains

Mean Zone of Inhibition (mm) + SD

(%) Control Leaf Stem Root
100 Staphylococcus aureus 15.65+0.50¢ 5.71+0.01° 4.20+0.002 5.00+0.00°
Salmonella typhi 15.84+0.00¢ 4.80+0.00° 3.50+0.002 4.23+0.04b
Escherichia coli 14.81+0.01¢ 3.80+0.00¢ 2.43+0.042 3.61+0.01°
Pseudomonas aeruginosa 15.00+0.00° 5.25+0.352 4.83+0.042 5.20+0.002
Shigella sonnei 14.75+0.00¢ 5.0340.04¢ 3.8340.042 4.80+0.00°
Streptococcus pneumoniae 16.40+0.00° 6.09+0.13° 5.20+0.002 5.46+0.342
Klebsiella pneumoniae 17.43+0.04¢ 6.24+0.01° 5.00£0.002 6.80+0.00¢
150 Staphylococcus aureus 15.65+0.50° 8.01+0.01° 6.00+0.002 7.60+0.00P
Salmonella typhi 15.84+0.00¢ 7.25+0.00¢ 4.93+0.01° 6.50+0.00°
Escherichia coli 14.81+0.01¢ 6.00+0.00° 3.83+£0.042 5.40£0.00°
Pseudomonas aeruginosa 15.00+0.004 8.08+0.11° 6.50+0.002 7.80+0.00°
Shigella sonnei 14.75+0.00¢ 7.51+0.01¢ 5.20+0.002 7.20+0.00°
Streptococcus pneumoniae 16.40+0.00° 8.46+0.37° 7.50+0.002 8.25+0.00°
Klebsiella pneumoniae 17.43+0.04¢ 8.70£0.00° 6.40+0.002 8.50+0.00°
200 Staphylococcus aureus 15.65+0.50¢ 10.80+0.71° | 8.28+0.042 9.25+0.002
Salmonella typhi 15.84+0.00¢ 9.00+0.00° 6.00£0.00? 8.16+0.00°
Escherichia coli 14.81+0.01¢ 8.50£0.00° 5.00£0.002 7.20+0.00°
Pseudomonas aeruginosa 15.00+0.004 11.41+0.01° | 9.10+0.142 10.21+0.06°
Shigella sonnei 14.75+0.00¢ 10.26+0.09¢ | 7.08+0.112 9.53+0.11°
Streptococcus pneumoniae 16.40+0.004 10.72+0.00° | 9.23+0.042 10.24+0.06°
Klebsiella pneumoniae 17.43+0.04¢ 13.55+0.07¢ | 11.45+0.21° | 10.85+0.212
250 Staphylococcus aureus 15.65+0.50¢ 13.50+0.00° | 11.61+0.01* | 12.00+0.00?
Salmonella typhi 15.84+0.004 12.54+0.09° | 10.71+0.01* | 11.40+0.00°
Escherichia coli 14.81+0.01¢ 11.75+0.07¢ | 9.52+0.032 10.50+0.00°
Pseudomonas aeruginosa 15.00+0.00¢ 12.78+0.04° | 12.60+0.00° | 12.00+0.002
Shigella sonnei 14.75+0.004 12.30+0.00° | 11.20+0.00° | 11.00+0.002
Streptococcus pneumoniae 16.40+0.00° 14.30+0.42> | 13.00+0.00? 13.50+0.002
Klebsiella pneumoniae 17.43+0.04° 14.00£0.00% | 13.55+0.072 14.30£0.712

Values are in Mean + Std of triplicate determinations. Different letters in a row are significantly different (p>0.05).
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Table 3
Effects of methanol extracts of Ipomoea involucrata leaf, stem and root on fungal pathogens
Concentration Fungal strains Mean Zone of Inhibition (mm) = SD

(%) Control Leaf Stem Root

100 Aspergillus niger 16.83+0.04¢ 6.50+0.00° 5.42+0.002 5.80+0.00°
Penicillum chrysogenum 17.00+0.00¢ 7.41+0.01° 8.30+0.00° 6.50+0.002
Rhizopus stolonifer 19.50+0.00¢ 6.76+0.34° 6.75+0.00P 6.00£0.00?
Fusarium oxysporum 16.82+0.11¢ 6.40+0.14°¢ 4.31+0.012 5.20+0.00°

150 Aspergillus niger 16.83+0.04¢ 8.45+0.00° 6.50+0.002 8.00+0.00°
Penicillum chrysogenum 17.00+0.00¢ 9.80+0.00¢ 9.20+0.00° 7.71+0.13?
Rhizopus stolonifer 19.50+0.00¢ 9.45+0.00°¢ 7.0040.00? 8.15+0.00°
Fusarium oxysporum 16.82+0.11¢ 8.20+0.00° 5.71+0.012 9.87+0.04¢

200 Aspergillus niger 16.83+0.04¢ | 10.71+0.01°¢ | 9.23+0.042 10.33+0.04°
Penicillum chrysogenum 17.00+0.004 13.00+0.00° | 12.88+0.04° 9.46+0.062
Rhizopus stolonifer 19.50£0.00¢ 12.50+0.00° | 11.41+0.01% 11.40+0.00?
Fusarium oxysporum 16.82+0.11¢ 11.00+0.00° 9.45+0.002 12.64+0.06°

250 Aspergillus niger 16.83+£0.04¢ | 13.60+0.14° | 12.43+0.042 12.77+0.04°
Penicillum chrysogenum 17.00+0.004 15.78+0.03° | 14.60+0.00° 13.60+0.282
Rhizopus stolonifer 19.50+0.00°¢ 14.0040.00* | 13.62+0.31a 14.40+0.28°
Fusarium oxysporum 16.82+0.11¢ | 13.25+0.35° | 12.60+0.00? 14.55+0.07¢

Results are in Meanz Std of triplicate determinations. Means with the different letter in a row are significantly different (p>0.05).
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Figure 2: Zone of Inhibition (mm) of bacterial pathogens by stem extract of Ipomoea involuncrata
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Figure 3: Zone of Inhibition (mm) of bacterial pathogens by root extract of Ipomoea involuncrata
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Figure 4: Zone of Inhibition (mm) of fungal pathogens by leaf extract of Ipomoea involuncrata

50



Research Journal of Chemistry and Environment Vol. 25 (3) March (2021)
Res. J. Chem. Environ.

25

m Aspergillus niger
B Penicillum chrysogenum
N Rhizopus siolonifer

Inhibition zone [mm)

B Fusarium oxysoporum

standard  ypgqe 150% 200% 250%
drug

Concentration of stem extract

Figure 5: Zone of Inhibition (mm) of fungal pathogens by stem extract of Ipomoea involuncrata
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Figure 6: Zone of Inhibition (mm) of fungal pathogens by root extract of Ipomoea involuncrata
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In addition, in Lagos, Nigeria, it is made into an infusion,
drunk as a stimulant or preventive of fever whilst a compress
of pounded up stems is used for headache in Congo.
Moreover, an aqueous decoction is taken by women for
dysmenorrhoeal in Congo. These ethnomedicinal
applications of I. involucrata could be as a result of the
stimulating and painkilling qualities of alkaloids in living
beings, coupled with the synergistic effects of
anthraquinones, flavonoids, phenols, saponins, sterols,
tannins and terpenoids that were present in the plant parts.

In the antimicrobial study, the leaf, stem and root extracts of
I. involucrata exhibited antibacterial and antifungal
activities against all the human pathogens tested. The effects
of the extracts varied and were dose-dependent. This
indicates that the quantity of active ingredients increased
with increasing concentration of the plant extracts, hence
exerts higher actions. The antibacterial and antifungal
potentials of 1. involucrata could be associated with the bitter
or astringent taste of tannins'>16 as well as foaming property
of saponins!’ in addition to the interactive actions of
alkaloids, anthraquinones, flavonoids, phenols, sterols and
terpenoids.

The leaf, stem and root extracts showed the highest
inhibition of K. pneumoniae at 200% concentration, while at
250%, the highest inhibitory activity was shown by the stem
and root. This indicates that the whole plant parts could be
applied for treatment of pneumonia at high level of the
extract. Puspanadan et al*® reported that K. pneumoniae is
one of the most important members of Klebsiella genus in
Enterobacteriaceae family, which is responsible for
pneumonia. At 100% and 150% concentrations, the stem
extract showed the highest inhibition against S. pneumoniae
whereas the leaf extract had the highest inhibition at 250%
concentration. This finding showed that at low
concentration, the stem extract of 1. involucrata will exhibit
inhibitory activity against S. pneumoniae while at high
concentration the leaf extract will show high inhibitory
activity. Furthermore, Streptococcus pneumoniae is one of
the most common causes of bacterial meningitis in adults
and young adults along with Neisseria meningitidis and is
the leading cause of bacterial meningitis in adults in the
USA.*® Moreover, the respiratory tract, sinuses and nasal
cavity are the parts of host body that are usually infected.

In the antifungal investigation, the leaf and stem extracts
showed the highest inhibitory activity against A. niger.
Aspergillosis caused by the fungus Aspergillus usually
occurs in people with lung diseases or weakened immune
systems. The actions of the leaf and stem extracts of I.
involucrata showed that they could be used in treatment of
aspergillosis. The leaf and stem extracts showed the highest
inhibitory activity against P. chrysogenum at all
concentrations while the root extract showed the highest
inhibition of P. chrysogenum at 100% concentration. Hence,
the leaf and stem extracts of I. involucrata are to be
considered for treatment of ailments caused by P.
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chrysogenum. Shokouhi et al?® reported that P. chrysogenum
might be recognized as a cause of systemic mycosis. The
root extract exhibited the highest inhibitory activity against
F. oxysporum followed by R. stolonifer at 150-250%
concentrations. Fusarium oxysporum generally affects
immunocompromised individuals.?! Root methanol extract
of Sida acuta Burm. f. also showed high inhibitory activity
against Rhizopus sp (12.87+0.57 mm) at high
concentration.?? The root extract of 1. involucrata therefore,
can be used in treatment of diseases caused by F. oxysporum
and R. stolonifer.

Conclusion

This study showed that high concentrations of flavonoids,
saponins, sterols, terpenoids and tannins are present in I.
involucrata leaf extract; high level of anthraquinones can be
found in the stem, while the root extract should be regarded
as a good source of alkaloids and phenols. Moreover, the
leaf, stem and root extracts of I. involucrata exhibited
antibacterial and antifungal activities.

Hence, extracts of these parts of 1. involucrata are suggested
for development of new drugs targeted at the treatment of
infectious diseases caused by K.pneumoniae, S.
pneumoniae, A. niger, F. oxysporum, P. chrysogenum and R.
stolonifer in human beings.
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