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Abstract

The induction of root-based transport systems, the availability of soil microorganisms and the
variation in plants morphology are all reported to influence the optimal nutrient uptake of variety of
plant species. These differences in relation to the plant-soil interactions were hypothesis to have a
direct effect in defining the pharmacological properties of individual plants species. Therefore, this
present study is conducted to provide a comprehensive relationship between the concentration of
elements in the soil and the bioconcentration in anti-diabetic medicinal plants grown on the same soil.
Instrumental neutron activation analysis (INAA) were used to analyzed the concentration of 22
elements in 10 anti-diabetic medicinal plants commonly used in Adamawa state, Nigeria for the
treatment and management of diabetes mellitus (DM). From the results of the study, the most
effective medicinal plants with the highest BCF values was observed to be Ageratum conyzoides,
accumulating about 50% of the elements investigated. Furthermore, the overall results shows Ca
widely distributed in the all the species with the highest BCF (33.70) recorded in Terminalia
avicennioides, expressed in percentage equivalent to be 3370%. Depicting that the magnitude of the
accumulations in the roots is more than 3000 times compared to the value recorded in the
surrounding soil samples. In addition to their anti-diabetic potential, some of the plants species with
higher BCF values could be utilise in phytoremediation for the selective absorption of elements.

Keywords: Anti-diabetic, Medicinal plants, Trace element, Diabetes mellitus, INNA, Radioactive
elements, bioconcentration factor

1. Introduction

Plant-soil chemistry is an effective and sustained pathway for nutrient/or mineral enrichment
in plant. The enrichment of plants with functional nutrient/or mineral are reported to be
fundamental in beefing up specific pharmacological properties in plants. The chemistry,
variability and complexity of plant-soil interaction, conceptually defined by several
environmental factors are responsible for the variability in nutrient uptake, tissue
bioavailability and retention from specie to specie. Understanding this interactions will
provides needed information on the selective accumulation of specific elements, which is
further hypothesis will define the pharmacological properties of individual plants species.
And thus, will further help to identify marching nutrient/or essential mineral with specific
potentiating traits towards specific diseases such as DM. Therefore, when comparing
medicinal plants in relation to soil-environmental associated factors; species are often found
to have suites of related traits that maintain the flux of nutrients/ or essential minerals ™%

In addition to some specific anti-diabetic phytochemicals in plants, the presence of some
minerals and nutrients in the plant tissues are reported to actively participate in potentiating
the pharmacological properties of insulin [*°!. Thus, understanding the role of these essential
mineral components and their relative composition in plants will widen knowledge towards
an effective plants tissue selection for the formulation of herbal remedy with the most potent
sources of essential macro and micro nutrient.

Despite the fact that plants are non-matile, they utilize a plethora of sophisticated chemistry
to retain the supply chain of mineral and nutrients from the soil . While considering the
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place of water in plants growth and survival, plants relative
to its ecological importance required various essential
mineral nutrients to complete their full life cycle. The
availability of these essential minerals and nutrients
depends largely on the soil-water interactions, uptake by
the roots, and translocation dynamics within the root
branching network to the stems of the plant, upstream "%,
Based on these interactions, soil in this context is serving as
the natural reservoir for all the essential minerals and
nutrients, . Thus, providing the needed platform for
nutrient and mineral uptake by plants in the form of
dissolved ions !,

In addition to dissolved nutrient ions, the net negative
charges on the surface of soil particles also provided
additional binding sites for nutrients ions, thus establishing
a kind of equilibrium towards replenishing used up ions.
Nutrient ions used up by plants are readily replenished by
the stabilizing or buffering effect from the available soil
surface bound nutrient ions [ ™

The physiological composition of plants determined its
nutrient/mineral absorption rate from soil and the
bioavailability in plant tissues is not often a reflection of its
availability in the soil. Similarly, the availability of nutrient
in the soil solution is not a determining factor to its transfer
rate and bioaccumulation in plant tissues. Plants roots could
displaced nutrients ions bound to soil particles and based
on bulk flow or diffusion mechanism could intercept and
absorbed the dislodged ions. As plants transpire water,
water containing nutrient moves from bulk soil to the roots
by mass or convective flow ™. However, the concentration
of nutrient in soil solution and the rate of transpiration may
determine the quantity of nutrients absorbed by the root
surface and translocation upstream. Therefore, factors such
as plants species, climatic conditions, and soil moisture
levels among others could interfere with the transport
dynamics 2,

A better understanding of the relative contribution of soil
nutrient-plant interaction with respect to the overall
chemistry is necessary for a better and more complete
understanding of plant-mineral homeostasis and for the
development of an effective plants-based substrate with
potent sources of anti-diabetic supporting minerals or
nutrients. Therefore, this present study is conducted to
provide a comprehensive relationship between the
concentration of elements in the soil and the
bioconcentration in the anti-diabetic medicinal plants
grown on the same soil. Estimated as the ratio of elemental
concentration in the plants tissues to that in the soil %],

2. Materials and Methods

2.1. Sampling and Sample Preparations

Ethno-botanical characteristics of the selected plants often
used traditionally in Nigeria as remedy for the treatment
and management of DM informed the choice of the
respective plants. The leaf, stem back and root bark
samples of the selected medicinal plants collected from
Mubi North, Mubi South and Maiha Local Government
Areas of Adamawa State, Nigeria were used in the study.
The plants used in the study are: Terminalia avicennioides,
Hymenocardia acida, Leptadenia hastate, Balamites
aegyptiacae, Ageratum conyzoide, Sclerocarya birrea,
Anogeissus leiocarpus, Jatropha gossypiifolia, Daniellia
oliveri, Sarcocephalus latifolius. Following the sampling,
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the respective plants were fully authenticated by Mr. Jarafu
U. Mamza, from the Department of Botany, Adamawa
State University, Mubi, Nigeria and a voucher specimen
samples deposited accordingly “*!.

The soil samples were collected in the vicinity of each of
the selected medicinal plants to investigate the correlation
of the micro, macro, and non-essential and radioactive
elements in the natural soils and plants samples. Sampling
of soils was carried out at the same time with the medicinal
plants samples. Soil samples were collected at the depth
between 0 — 30 cm around each of the selected medicinal
plants. Each soil sample comprised a composite of four (4)
samples taken within 4 x 4 m square around each of the
selected medicinal plants and mixed thoroughly to obtain a
representative portion through conning and quartering
method. The dried powdered samples of the plants tissues
for each plants species and the disaggregated, dried and
dust-free soil were respectively sieved using 2 mm mesh
and homogenized prior to the elemental analysis using
INAA. For the INAA analysis, about 250 mg to 300 mg of
the respective plant samples and about 150 mg to 200 mg
of soil samples were heat-sealed and processed following
same methods adapted in our previous work 31,

2.2. Elemental Analysis of the Anti-diabetic Medicinal
Plants using INAA

The elemental analysis was conducted using the Nigerian
Research Reactor-1 (NIRR-1) facility at the center for
energy research and training ABU Zaria. For the analysis,
reference material SRM NIST-1547 (Peach leaves), NIST-
1515 (Apple Leaves), IAEA Soil-7 and Coal Fly Ash SRM
(1633STD) were used for quality control test and
quantitative analyses. And the analytical values obtained
were equally compared with the actual values in mg/kg
according to the method described in our previous study !,
The protocols for sample irradiation were performed in two
irradiations stages. The first irradiation was designed to
capture short half-life radionuclide while, the second
irradiation was designed to capture the long half-life
radionuclide ). Following the various irradiation regime,
the retrieved irradiated samples were then collected for the
identification of various radionuclide concentration using
gamma ray spectrum analysis software, a software
developed at CIAE, Beijing, China (IAEA, 1996), NIST-
1515 (Apple Leaves), NIST-1547 (Peach leaves), IAEA
Soil-7 and Coal Fly Ash SRM (1633STD)

2.3. Statistical Analysis

The obtained results were presented as mean SD
(standard deviation). All differences are considered
significant at p<0.05 using Analyse-it (version 2.3).
Significant elemental concentration differences in plants
samples were determined by analysis of variance
(ANOVA).

+

3. Results

The concentrations of the elements identified as macro,
micro, non-essential and radioactive elements in the soil
samples collected in the plants vicinity relative to their
accumulation in the selected anti-diabetic medicinal plants
are graphically presented in Figures 1-12. Based on the
results presented in Fig. la, the concentration of calcium
(Ca) in the soil samples collected within the vicinity of
Balanites aegytiacae and Sclerocarya birrea was observed
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to fall between 1019+16.1 mg/kg and 6121+986 mg/kg,
respectively. The result revealed that only about 30% of
pair-wise comparison between variations in the 10 soil
samples locations are statistically significant (P<0.05). In
relation to soil concentration, individual plant tissue
accumulation of Ca was highest in the stem bark sample of
Anogeissus leiocarpus (4774%), and lowest in the stem
bark sample of Sclerocarya birrea (393%). Though, the
concentration of Ca was found to be higher in the soil
samples collected within the vicinity of Sclerocarya birrea,
the cumulative tissues accumulation was observed to be
lower in the same plant species, while highest
concentration was recorded in Terminalia avicennioides,
with soil Ca concentration below average within its
vicinity.

Further analysis as presented in Fig. 1b, shows the average
concentration of Magnesium (Mg) (1072.4+521.7 mg/Kkg)

in the soil samples falling between 518.0+54.7 mg/kg and
1956.0+438.0 mg/kg, within the vicinity of Ageratum
conyzoides and Leptadenia hastata respectively. The result
further revealed that only about 20% of pair-wise
comparison between variations in the 10 soil samples
locations are statistically significant (P<0.05). In relation to
soil concentration, individual plant tissue accumulation of
Mg was highest in the leaves sample of Ageratum
conyzoides (1043%), and lowest in the stem bark sample of
Hymenocardia acida (93%). The cumulative tissues
accumulation was observed to be lower in Hymenocardia
acida, despite the fact that the concentration in soil was
above average within its vicinity. The highest concentration
was however, observed in Ageratum conyzoides, which had
the lowest concentration of Mg in the soil sample collected
within it vicinity.
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Fig. 1: Shows the Concentrations of (a) Calcium, and (b) Magnesium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis

The average Sodium (Na) (3619.8+2473.1 mg/kg)
concentration in the soil samples was obtained between
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7503.0+15.0 mg/kg and 1001.0+2.0 mg/kg within the
vicinity of Jathropha gossypiifolia and Sarcocephalus
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latifolius respectively. As described in Fig. 2a, the pair-
wise comparison between variations in the 10 soil samples
locations were observed to be statistically significant
(P<0.05). In relation to the soil concentration, the
individual plant tissue accumulation of Na was observed to
be higher in the root bark sample of Ageratum conyzoides
(39%), and lowest in the leaves sample of Hymenocardia
acida (0.8%). The cumulative tissues accumulation was
lowest in Hymenocardia acida, despite the fact that, the
concentration in the soil samples collected within its
vicinity was observed to be above the average value.
Furthermore, within the vicinity of Ageratum conyzoides,
Na concentration in the soil sample was below the average,
but was highest in cumulative tissues accumulation.

The average Potassium (K) (39026.0+13404.3 mg/kg)
concentration in the soil samples collected within the

vicinity of Jathropha gossypiifolia and Sarcocephalus
latifolius as shown in Fig. 2b falls between 56970.0+740.0
mg/kg and 16780.0£101.0 mg/kg respectively. The result
showed that more than 90% of pair-wise comparison
between variations in the 10 soil samples locations are a
statistically significant (P<0.05). Individual plant tissue
accumulation of K, in relation to the soil concentration was
highest in the stem bark sample of Ageratum conyzoides
(166%), and lowest in the leaves sample of Terminalia
avicennioides (3%). The cumulative tissues accumulation
was lowest in Terminalia avicennioides, despite the fact
that the concentration of K in the soil sample within its
vicinity was below the average. In the vicinity of Ageratum
conyzoides, K concentration in the soil sample was below
the average, but was highest in cumulative tissues
accumulation.
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Fig. 2: Shows the Concentrations of (a) Sodium, and (b) Potassium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis
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Figure 3a, shows that the average Iron (Fe)
(10161.4+1996.6 mg/kg) concentration in the soil samples
falling between 12560.0+237.0 mg/kg and 6427.0+193.0
mg/kg, collected within the vicinity of Ageratum
conyzoides and Leptadenia hastata respectively. The result
revealed that about 70% of pair-wise comparison between
variations in the 10 soil samples locations were statistically
significant (P<0.05). In relation to the soil concentration,
the individual plant tissue accumulation of Fe was highest
in the root bark sample of Ageratum conyzoides (34%), and
lowest in the leaves sample of Daniellia oliveri (1.2%).
Although, the concentration of Fe in the soil was above
average within the vicinity of Hymenocardia acida, the
cumulative tissues accumulation was observed to be lowest,
while a higher concentration was recorded in Ageratum
conyzoides, despite having the same above average
concentration of Fe within it vicinity.

The average concentration of Cobolt (Co) (3.4+1.4 mg/kg)
in the soil samples as described in Fig. 3b was obtained
between 6.02+0.35 mg/kg and 1.40+0.30 mg/kg, within the
vicinity of Leptadenia hastata and Anogeissus leiocarpus
respectively. The result revealed that about 50% of pair-
wise comparison between variations in the 10 soil samples
locations are a statistically significant (P<0.05). In relation
to the soil concentration, the individual plant tissue
accumulation of Co was highest in the root bark sample of
Sarcocephalus latifolius (1645%), and lowest in the leaves
sample of Leptadenia hastata (1.3%). Similarly, the
cumulative tissues accumulation was lowest in Leptadenia
hastata, even though Co concentration in the soil was
highest within its vicinity, while cumulative Co was highest
in Sarcocephalus latifolius which had soil Co concentration
in its vicinity below average.
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Fig. 3: Shows the Concentrations of (a) Iron, and (b) Cobolt in soil and percentage accumulation in tissue samples of anti-diabetes medicinal
plants. The results are presented as Mean+SD of three replicate analysis
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The average Manganese (Mn) (246.5£59.6 mg/kg)
concentration in the soil samples was obtained between
349.0+2.0 mg/kg and 138.0+1.0 mg/kg within the vicinity
of Sclerocarya birrea and Sarcocephalus latifolius
respectively. As shown in Fig 4a, more than 90% of pair-
wise comparison between variations in the 10 soil samples
locations were statistically significant (P<0.05). The plant
tissues accumulation of Mn, in relation to the soil
concentration was highest in the leaves sample of
Hymenocardia acida (774%), and lowest in the stem bark
sample of Sclerocarya birrea (7%). Although, Mn
concentration in the soil sample collected within vicinity
Sclerocarya birrea was higher, the cumulative tissues
accumulation was observed to be lower in the same plant.
While, in the vicinity of Hymenocardia acida, the
concentration of Mn in the soil sample was slightly (3%)
above the average, but was highest in cumulative tissues
accumulation.

Further analysis shows no presence of Zinc (Zn) detected in

the soil samples collected within the vicinities of
Anogeissus leiocarpus, Leptadenia hastate and Terminalia
avicennioides. As presented in Fig. 4b, the average
concentration of Zn (32.6+31.7 mg/kg) in soil samples was
recorded between the vicinities Sclerocarya birrea
(90.0£7.0 mg/kg) and Ageratum conyzoides (22.5%5.2
mg/kg) respectively. The result showed that about 80% of
pair-wise comparison between variations in the 10 soil
samples locations were statistically significant (P<0.05). In
relation to the soil concentration, the concentration of Zn
was highest in the leaves sample of Ageratum conyzoides
(276%), and lowest in the leaves sample of Sclerocarya
birrea (9%). Although, the concentration of Zn was highest
in the soil collected within the vicinity Sclerocarya birrea,
the cumulative tissues accumulation was observed to be
lower in same plant. While, in the vicinity of Ageratum
conyzoides, Zn concentration in the soil sample was
observed to be the lowest, but recorded the highest
cumulative tissues accumulation.
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Fig. 4: Shows the Concentrations of (a) Zinc, and (b) Manganese in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis
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The average concentration of Chromium (Cr) (27.1+8.6
mg/kg) in the soil samples was recorded between the
vicinities of Hymenocardia acida (42.0+3.0 mg/kg) and
Jathropha gossypiifolia (14.0+2.0 mg/kg) respectively. As
contained in Fig. 5a, about 60% of the pair-wise
comparison between variations in the 10 soil samples
locations were statistically significant (P<0.05). In relation
to the soil concentration, the highest concentration of Cr
was recorded in the root bark sample of Jathropha
gossypiifolia (271%), and the lowest value recorded in the
stem bark sample of Sarcocephalus latifolius (1%). The
cumulative tissues accumulation was lowest in Daniellia
oliveri, although Cr concentration in the soil sample
collected within its vicinity was above the average. While
in the vicinity of Jathropha gossypiifolia, Cr concentration
in soil sample was lowest, but the same plant was observed
to contain the highest cumulative tissues accumulation.

Figure 5b, shows that the average Aluminium (Al)

(52167.0+£18068.1 mg/kg) concentration in the soil samples
was obtained between 89130.0+1604.0 mg/kg and
29950.0+419.0 mg/kg, within the vicinity of Balanites
aegytiacae and Terminalia avicennioides respectively.
From the result, more than 90% of pair-wise comparison
between variations in the 10 soil samples locations are a
statistically significant (P<0.05). In relation to the soil
concentration, the respective plant tissues accumulation of
Al was highest in the root bark sample of Ageratum
conyzoides (33%), and lowest in the leaves sample of
Balanites aegytiacae (0.4%). The cumulative tissues
accumulation was lowest in Hymenocardia acida, even
though the Al concentration in soil sample was observed to
be above the average. Similarly, the cumulative
concentration of Al observed to be higher in Ageratum
conyzoides even though the concentration recorded in the
soil sample collected within its vicinity falls below the
average value.
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Fig. 5: Shows the Concentrations of (a) Chromium, and (b) Aluminium in soil and percentage accumulation in tissue samples of anti-
diabetes medicinal plants. The results are presented as Mean+SD of three replicate analysis

~118~



World Wide Journal of Multidisciplinary Research and Development

The average Arsenic (Ac) (0.7+£0.2 mg/kg) concentration in
soil samples was recorded between the vicinities
Sarcocephalus latifolius (0.44+0.07 mg/kg) and Ageratum
conyzoides (0.98+0.08 mg/kg). The result in Fig. 6a,
showed that only about 20% of pair-wise comparison
between variations in the 10 soil samples locations were
statistically significant (P<0.05). The plant tissues
accumulation of As, in relation to the soil concentration
was observed to be higher in the leaves sample of
Anogeissus leiocarpus (100%), and lowest in the root bark
sample of Terminalia avicennioides (2%). The cumulative
tissues accumulation according to results was lowest in
Terminalia avicennioides, even though the concentration
was observed to be above the average in soil sample
collected within its vicinity. Furthermore, in the soil sample
collected within the vicinity of Anogeissus leiocarpus, the
concentration of As was observed to be below the average

observed to be higher.

Figure 5b, shows that the average (665.1+227.8 mg/kQg)
concentration of Barium (Ba) in soil samples was obtained
within the vicinity of Hymenocardia acidaand Terminalia
avicennioides with a concentration between 1025.0+36.0
mg/kg and 409.0+26.0 mg/kg, respectively. The result
further revealed that, about 70% of pair-wise comparison
between variations in the 10 soil sample locations are
statistically significant (P<0.05). With respect to the soil
concentration, the individual plant tissues accumulation of
Ba was highest in the stem bark sample of Anogeissus
leiocarpus (234%), and lowest in the leaves sample of
Daniellia oliveri  (7%). The cumulative tissues
accumulation was lowest in Daniellia oliveri, even though
Ba concentration in soil was above the average within its
vicinity; while cumulative Ba was highest in Terminalia
avicennioides which had the lowest concentration of Ba in

value, but the cumulative tissues accumulation was the soil within its vicinity.
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Figure 7a, shows that the average concentration of
Rubidium (Rb) (353.4+54.0 mg/kg) in the soil samples was
obtained between 1294.0+#54.0 mg/kg and 184.0+6.0
mg/kg, within the vicinity of Terminalia avicennioides and
Sarcocephalus latifolius respectively. From the result,
about 60% of the pair-wise comparison between variations
in the 10 soil samples locations are statistically significant
(P<0.05).With respect to the soil concentration, the
individual plant tissues accumulation of Rb was highest in
the root bark sample of Ageratum conyzoides (43%), and
lowest in the root bark sample of Terminalia avicennioides
(3%). Similarly, the cumulative tissues accumulation was
lowest in Terminalia avicennioides, even though Rb
concentration in the soil sample was above the average
within its vicinity, while cumulative Rb was highest in
Ageratum conyzoides which had concentration of Rb in the
soil within its vicinity below the average.

The average concentration of Scandium (Sc) (3.4+0.9

mg/kg) in the soil samples was recorded between the
vicinities of Sarcocephalus latifolius (5.12+0.05 mg/kg)
and Sclerocarya birrea (2.38+£0.04 mg/kg). As described in
Fig 7b, only about 20% of pair-wise comparison between
variations in the 10 soil samples locations were statistically
significant (P<0.05). The plant tissues accumulation in
relation to soil concentration was observed to be highest in
the leaves sample of Sarcocephalus latifolius (8926%), and
lowest in the leaves sample of Daniellia oliveri (2%).
Further, the cumulative tissues accumulation was observed
to be lowest in Daniellia oliveri, even though the
concentration was observed to be above average in soil
sample collected within its vicinity. In the soil sample
collected within the vicinity of Sarcocephalus latifolius, the
concentration of Sc was observed to be highest with a
similar highest concentration recorded in the cumulative
tissues accumulation.
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Fig. 7: Shows the Concentrations of (a) Rubidium, and (b) Scandium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis
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Vanadium (V) was not detected in soil samples within the
vicinity of Balanites aegytiacae as well as in the respective
plant tissues. The average concentration (24.2+11.0 mg/kg)
in soil samples was recorded between the vicinities
Hymenocardia acida (39.0+4.0 mg/kg) and Jathropha
gossypiifolia (12.0£3.0 mg/kg). As presented in Fig. 8a,
only about 60% of pair-wise comparison between
variations in the 10 soil samples locations are statistically
significant (P<0.05). In relation to the soil concentration,
the highest value was recorded in the leaves sample of
Sarcocephalus latifolius (114%), and lowest in the leaves
sample of Anogeissus leiocarpus (3%). The cumulative
tissues accumulation was lowest in Hymenocardia acida,
although V concentration was highest in soil within its
vicinity. In the vicinity of Sarcocephalus latifolius, V
concentration in the soil was above the average, but was
highest in cumulative tissues accumulation.

As presented in Fig. 8b, Europium (Eu) was not detected in
soil samples within the vicinities of Daniellia oliveri and

Sclerocarya birrea, but was detected in the tissue samples
of Sclerocarya birrea. The average concentration (0.8+0.5
mg/kg) in the soil samples was recorded between the
vicinities Balanites aegytiacae (1.370+0.16 mg/kg) and
Terminalia avicennioides (0.60+£0.10 mg/kg). From the
result, only about 20% of the pair-wise comparison
between variations in the 10 soil samples locations were
statistically significant (P<0.05). The plant tissues
accumulation, in relation to the soil concentration was
found to be highest in the leaves sample of Hymenocardia
acida (449%), and lowest in the stem bark sample of
Balanites aegytiacae (7%). Similarly, the cumulative
tissues accumulation was lowest in Balanites aegytiacae,
although Eu concentration was highest in the soil sample
collected within its vicinity. In the vicinity of
Hymenocardia acida, the concentration in the soil sample
was observed to be above the average, and highest in the
cumulative tissues accumulation
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Fig. 8: Shows the Concentrations of (a) Vanadium, and (b) Europium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis
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Figure 9a, shows that the average Lanthanum (La)
(63.6£24.8 mg/kg) concentration in the soil samples was
obtained between 107.90+0.20 mg/kg and 33.54%0.13
mg/kg, within the vicinity of Anogeissus leiocarpus and
Ageratum conyzoides respectively. From the result, more
than 90% of pair-wise comparison between variations in
the 10 soil samples locations were observed to be
statistically significant (P<0.05). With respect to the soil
concentration, the individual plant tissues accumulation of
La was highest in the leaves sample of Daniellia oliveri
(2641%), and lowest in the stem bark sample of Anogeissus
leiocarpus (2%).

Figure 9b, shows that the average Lutetium (Lu) (0.7+0.2
mg/kg) concentration in the soil samples was obtained
between 0.960+0.03 mg/kg and 0.390+0.02 mg/kg, within
the vicinity of Hymenocardia acida and Terminalia
avicennioides respectively. The result revealed that about
60% of pair-wise comparison between variations in the 10
soil samples locations were statistically significant
(P<0.05).With respect to the soil concentration, the
individual plant tissues accumulation of Lu was highest in
the leaves sample of Hymenocardia acida (286%) and the
stem bark tissue sample of Jathropha gossypiifolia (2%)
was observed to be the lowest in the accumulation of Lu.
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Fig. 9: Shows the Concentrations of (a) Lanthanum, and (b) Lutetium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean=SD of three replicate analysis
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The results in Fig. 10a shows the average (9.1+2.9 mg/kg)
concentration of Samarium (Sm) in the soil samples falling
between 12.63+0.04 mg/kg and 4.91+0.03 mg/kg, within
the vicinity of Sclerocarya birrea and Terminalia
avicennioides respectively. From the result, more than 90%
of pair-wise comparison between variations in the 10 soil
samples  locations  were  statistically  significant
(P<0.05).With respect to the soil concentration, the
individual plant tissues accumulation of Sm was highest in
the leaves sample of Hymenocardia acida (480%), and
lowest in the stem bark sample of Anogeissus leiocarpus
(2%). The cumulative tissues accumulation was lowest in
Jathropha gossypiifolia, even though Sm concentration in

the soil was above the average within its vicinity.

Figure 10b, shows that the average concentration
(37.8+16.6 mg/kg) of Thorium (Th) in the soil samples was
obtained between 65.60£0.40 mg/kg and 18.51+0.24
mg/kg, within the vicinity of Anogeissus leiocarpus and
Jathropha gossypiifolia respectively. From the result, about
80% of pair-wise comparison between variations in the 10
soil samples locations were observed to be statistically
significant (P<0.05). With respect to the soil concentration,
the individual plant tissues accumulation of Th was highest
in the root bark sample of Ageratum conyzoides (5%), and
lowest in the leaves of Terminalia avicennioides (0.1%).
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Fig. 10: Shows the Concentrations of (a) Samarium, and (b) Thorium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis.
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Figure 11a, shows that the average (3.7+£0.9 mg/kg)
concentration of Uranium (U) in the soil samples was
obtained between 5.40+£0.30 mg/kg and 2.50+0.30 mg/kg,
within the vicinity of Hymenocardia acida and Jathropha
gossypiifolia respectively. From the result, about 50% of
pair-wise comparison between variations in the 10 soil
samples locations were observed to be statistically
significant (P<0.05).With respect to the soil concentration,
the individual plant tissues accumulation of U was highest
in the stem bark sample of Balanites aegytiacae (10%) as
well as in their respective cumulative plant tissues
accumulation, despite the fact that the soil concentrations
within its vicinity is only slightly (2%) higher than the
average. Similarly, the cumulative tissues accumulation
was observed to be lowest in the stem bark sample of

Terminalia avicennioides (0.1%).

The activity of Ytterbium (Yb) as presented in Fig. 11b,
shows the average concentration of Yb (4.6+1.1 mg/kg) in
the soil samples falling between 6.17+0.14 mg/kg and
2.60+£0.10 mg/kg, within the vicinity of Hymenocardia
acida and Terminalia avicennioides respectively. From the
result, about 80% of pair-wise comparison between
variations in the 10 soil samples locations were observed to
be statistically significant (P<0.05). With respect to the soil
concentration, the plant tissues accumulation of Yb was
observed to be higher in the leaves sample of
Hymenocardia acida (705%), while the lowest value was
observed in the stem bark sample of Jathropha
gossypiifolia
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Fig. 11: Shows the Concentrations of (a) Uranium, and (b) Ytterbium in soil and percentage accumulation in tissue samples of anti-diabetes
medicinal plants. The results are presented as Mean+SD of three replicate analysis
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Figure 12 shows the summary of the most effective
medicinal plants with highest BCF values. From the results,
over 50% of the elements investigated are detected in

Ageratum conyzoides, observed to contained the highest
BCF for more than half (12) of the elements investigated

Ca 33.70

Mg 5.81

Na | 0.39

K 141

Fe | 0.34

Co 16.45

Mn 1.25

Zn | 151

Cr 2.71
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Ba 1.12
" Sc 26.48
g Rb | 0.43
w V 0.50
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Sm 4.67

Yb | 0.65
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Fig. 12: Bioconcentration factors (BCF) of elementals by most effective anti-debates
Medicinal plants

Discussion

The uptake of elements into different tissues with varying
absorption structures, the complexity that exist among
plants species and the difference in their nutrient
requirement and selectivity often left an open question
towards understanding the basic chemistry underlining their
pharmacological properties. Under normal growing
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conditions, plants can potentially accumulate some metal
ions in order of magnitude greater than the surrounding
medium ™. This is the general finding from the results in
this study, for the 22 elements determined in the soil
samples collected within the vicinities of the medicinal
plants analyzed.

While the results of this study presented a comprehensive
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relationship in percentages for all the plant tissues, it is
common practices however, when discussing the
relationship between elemental contents in soil and the
tissues of plants to mention the bioconcentration factor
(BCF). The BCF is the ability of plants to accumulate
metals from soils, estimated as the ratio of metal
concentration in the roots to that in the soil %!, However,
in this study, the BCF was widen to encompass the features
of the relationship to root tissues, to the percentage
accumulation in other tissues as well. Perhaps this will
provide a holistic picture of the entire plant-soil interactions
in relation to the uptake of the elements investigated.
However, the result in study presented in percentages is
similar to the value in ratio multiplied by 100%. Thus for
the ease of a comprehensive assessment, Fig. 12 shows the
most effective medicinal plants with high BCF values.
Consequently, at a glance, Ageratum conyzoides was
observed to have the highest BCF, accumulating about 50%
of the elements investigated. Overall, Terminalia
avicennioides has the highest for Ca, BCF = 33.70. This
also expressed in percentage and as expressed on Fig. 1a,
the BCF for Ca was equivalent to 3370%. In other words, it
depicts the magnitude of accumulations in the roots to be
3000 times more than what is recorded in the surrounding
soil sample. The variability of soil to plant transfer ratio is
expected as this macroscopic parameter integrates a
number of soil chemical, biological, hydrological, physical
and plant physiological processes, each of which shows its
own variability and in addition may be influenced by
external factors such as climate, development,
industrialization and human agricultural practices.

The influence of the non-uniform root densities and
concentrations of trace substance on the root uptake
mechanism can cause significant variation in the transfer
factor. These are the likely factors influencing the potential
BCFs of Ageratum conyzoides observed in this study.
Ageratum conyzoides have been described as an easy to
culture plant with high adaptability and high potential for
reproduction. Thus agriculturist considers it as a weed
because it readily over-shadows other plants with its
growth and reduces their yield ™. These characteristics are
very likely to be connected its BCF potentials.

According to Ehlken and Kirchner ') the concentration of
trace elements accumulating in plants may not primarily
depend on its absolute concentration in the soil-plant
system but on the concentration ratio to other micro and
macro nutrients. The higher transfer factor observed for Ca
in the plant can be attributed to the redistribution of the
element within the soil profile. For deep rooting plants the
redistribution of the metals within the soil profile may even
cause an increase of the transfer factors with time. Calcium
metabolism is essential towards controlling plants growth
and development. Its unique disposition is attributed to it
being localized outside of the cell, stabilizing the cell walls
by cross-linking acidic side groups on adjacent pectic
polysaccharide molecules ™® 3. Plant morphology is
endowed with a wide range of cation channels such as
voltage-sensitive channels, channels gated by cyclic
nucleotides or glutamate, as well as mechanosensitive
channels 2% 2. These channels have been reported to allow
entry of Ca . The opening of the ion channels in the
plasma membrane for Ca uptake is also reported to allow
the permeation of some cations such as Zn, Mg, Cr, V, Mn
(18 19 Therefore, the high BCF for Ca recorded in the
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plants tissue may have paved way for the accumulation of
the other elements investigated in this study. Some of these
elements as reported in our previous work, are actively
involved in potentiating insulin metabolism [* ® 22,

The higher BCF value for Ca in the medicinal plants
investigated further reiterate its role in potentiation insulin
related physiology. The metabolic activity in the pancreatic
islet is driven in part by the systemic calcium-mediated
cellular signaling action through local increases in the
concentration of extracellular Ca®*, co-released with insulin
(231 Glucose-stimulated insulin secretion by sulfonylurea
compounds in type 2 diabetic patients were observed to be
in part due to their capacity to raise mitochondrial calcium,
essential for the generation of metabolic coupling factors
24 Therefore, failure of the body to induce calcium influx
could leads to defect in the cellular glucose metabolic
related actions . In addition to the role of Ca in
potentiating insulin action, the sensitivity of insulin toward
Mg are often used as an indicator to monitor and predict the
development of type 11 diabetes ®, observed to modulate
the shift of Mg from the extracellular compartments to the
intracellular space, thus regulating diabetes mediated
mechanism . Manganese deficiency can impair glucose
utilization %1 and Zn was reported to play an active role
in insulin's production in the B-cell B Decline in
physiological Zn concentration was observed to affects the
ability of the islet cell to produce and secrete insulin and
further suggested that diabetes may be related to increase in
intracellular oxidants and free radicals associated with
decreases in intracellular Zn and in Zn-dependent
antioxidant enzymes 1+ %,

In a related development, Fe relative to being an essential
component of hemoglobin B played a role in the
management of DM by facilitating the oxidation of
carbohydrates, protein and fat leading to control body
weight, a very important factor in DM 1. Furthermore, in
contrast to the conventional long-acting insulin
preparations, Co®*-insulin injected as a neutral, aqueous
solution improves the solubility of Co®*"-insulin by >600
pmol/I at physiological pH and ionic strength 3%, Other
studies providing evidence of Co-insulin potentiation
include Sathianathan et al., “¥ and Lim et al., ). Reversal
of functional abnormalities induced by DM were reported
to actively cushion up by vanadium ¥ and V in the forms
of vandyl sulfate (100 mg/day) and sodium metavanadate
(125 mg/kg) has been used as a supplement for diabetic
patients . Similarly, Studies have shown that Cr
potentiate insulin and potentiates the action of insulin by
restoring glucose tolerance ““°!. While, Poor Cr status is a
factor contributing to the incidence of impaired glucose
tolerance and type 11 diabetes "],

Although the focus of this study is on the medicinal
characteristics of the plants studied but it is instructive to
note that both bioconcentration factor (BCF) and
translocation factor (TF) can be used to estimate a plant's
medicinal potential in relation to specific soil-elemental
concentration. Furthermore, similar study can be used for
phytoremediation purposes in which heavy metal-tolerant
species with high BCF and low TF can be used for
phytostabilisation of contaminated sites ]

Conclusion
The pharmacological properties of plants as reported are in
part potentiated by the activity of some macro and micro
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elements in the plants. Thus, the availability of these
essential elements in the soil in relation to its transport
dynamic and bioaccumulation in plants tissues is essential
in understanding the anti-diabetic properties of plants.
These study on the nutrient value of the 10 medicinal plants
using the BCF indicated that the anti-diabetic medicinal
plants investigated in this study are excellent source of
elements such as Ca, Zn, Mg, Cr, V, Mn. From the results
of the study, Ageratum conyzoides was observed to have
the highest BCF. While Terminalia avicennioides was
observed to contain the highest BCF value for Ca (3370%).
The result further shows that the magnitude of the
accumulations in the roots is 3000 times more than in the
surrounding soil samples. The influence of the non-uniform
root densities and concentrations of trace substance on root
uptake can cause significant variation in transfer factor.
These are the likely factors influencing the potential BCFs
of Ageratum conyzoides observed in this study. Ageratum
conyzoides have been described as an easy to culture plant
with high adaptability and high potential for reproduction.
These characteristics are very likely to be connected with
the BCF potentials recoded for Ageratum conyzoides.
Therefore, the outcome of the study will provide additional
information to the immediate community on which species
of anti-diabetic medicinal plants with high BCF that could
be grown and cultivated easily to meets their local demands
for medicinal herbs. In addition to their anti-diabetic
potential, some of the plants species with higher BCF
values could be utilise in phytoremediation for the selective
absorption of elements.
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