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Abstract

The accumulations of trace elements and radionuclides in ten (10) anti-diabetic medicinal plants
commonly used in Adamawa state, Nigeria were investigated to ascertain their distribution in the
leaves, stem bark and roots bark samples respectively using INAA. The results of the analysis
indicated the presence of traceable amount of both the non-radioactive elements (Al, As, Ba, Rb, Sc,
Sr and V) and the following radioactive element (Eu, La, Lu, Sm, Th, U, and Yb) in the plants
species. From the results, the elements with the highest concentration distribution are Al and the least
distributed element is as. The highest concentration of Al (14560+146 mg/kg) was found in the root
bark sample of Ageratum conyzoides with the leave sample of Anogeissus leiocarpus containing the
highest amount of As (0.500+0.10 mg/kg). Analysis of the radioactive materials though, below the
risk impact levels showed La in virtually all the plants species and widely distributed in all the plant
tissues, with the highest concentration recorded in the leaves sample of Daniellia oliveri (1096+24.0
mg/kg). The results further shows the presence of small amount of U in only few of the plants species
with the highest concentration recorded in the stem bark sample of Balamites aegyptiacae (0.47+0.0
mg/kg). Base on the outcome of this study, the distribution and accumulation of the trace element and
radionuclides in the selected anti-diabetic medicinal plants will provides useful insight to the
immediate community that relied on these plants for the treatment and management of diabetes
mellitus to make an inform decision in the choice of plant tissue while being mindful of possible
toxic related effects of other non-essential element in the medicinal plants.

Keywords: Anti-diabetic, Medicinal plants, Natural radionuclide, Trace element, Diabetes mellitus,
INNA, Radioactive elements

1. Introduction

Statistically, about 387 million people globally are reported to be diabetic ). Based on this
record, diabetes mellitus (DM) is projected to take the 7" position in global dead related
diseases by 2030 . This projection is feasible considering the leap experienced from 1985
to 2006. In 1985, about 30 million reported cases was filed and by the end of 2006, the
values was observed to have grown exponentially to about 230 million, with about 80% of
the reported cases emanating from developing economies B! The scary part is that, out of
the world 7 billion population, about 366 million adults are estimated to have DM !, gulping
at least USD 465 billion in total health expenditure ®78. International diabetes federation
(IDF) 2010, reported a prevalence estimate of 3.9% for Nigeria !, a value not far from the
prevalence rate of 4.9% reported by Akinkugbe, . This indicated that, the implementation
of the health policy programs has little or insignificant impact towards slowing down the
prevalence rate.

These projections have left a scary picture thus, putting pressure towards research and
innovations in the treatment and management DM. In addition to the control dieting and
physical activities ™, holistic approaches in the treatment and management of diabetes often
required regimentary application of both insulin and oral hypoglycemic drugs &% 2.
However, despite the progress made pharmacologically, a hole is still left open considering

~ 55~



World Wide Journal of Multidisciplinary Research and Development

the fact that these conventional drugs in addition to being
rarely available are far beyond the reach of an ordinary
patient. For that purpose, search for complimentary
medicine has shifted emphases into plant-based therapy for
DM and its complications.

Nature by it very definition has provided reservoirs of
plants species with active anti-diabetic properties ™% 4,
Based on this vast pools of plants species, over 400 species
are already identified to possess hypoglycemic properties
51 The hypoglycemic properties are reported to be actively
potentiated by the available micro and macro nutrient in the
plants ™+ 1. Several studies reported a direct link between
macro and trace elements in the control and management of
insulin action on reducing blood glucose level ™ * found
to be embedded in medicinal herbs use for the treatment of
DM [t 1819 Based on this findings, we report in our
previous study, the presence of macro and micro nutrient in
some selected plants species widely used in Adamawa
state, Nigeria for the treatment and management of DM 2%
2 The investigation using INAA revealed the presence of
macro elements (Ca, K, Mg; Na) and micro elements (Cl,
Co, Cr, Fe, Mn, Zn), and as the order of preference
revealed, the most potent source of these nutrient with
respect to their plant tissues are reported to further
highlight the importance of these elements in potentiating
insulin metabolic activity.

As interesting as these finding entails, the availability of
essential elements in plant tissues also point to the
possibility of other trace elements or radionuclide that may
or may not have a direct positive impact health wise.
Various trace (Al, As, Ba, Rb, Sc, Sr and V,) and
radioactive (Eu, La, Lu, Sm, Th, U, and Yb) elements are
component of the ecosystem and thus, these element are
taking up by plants same way the aforementioned essential
nutrients are absorbed #* %! Radioactive materials and
their progeny are found in nature in the soil, originated
from the earth’s crust ?). Thus, the long-lived naturally
occurring radionuclide (NRN) present in the soil may find

their way into the plant by absorption and translocation into
plant tissues same way as other nutrient elements .
Therefore, this present study is intended to provide useful
information on the safety and potency of anti-diabetic
medicinal plants by investigating the specific activity
concentrations of some trace elements such as Al, As, Ba,
Rb, Sc, Sr and V, and radionuclide (Eu, La, Lu, Sm, Th, U,
and Yb) in the leaves, stem bark and root bark samples of
species commonly used in Adamawa state. And relate the
outcome to their toxic potential and radiological risk
associated with the use of these medicinal plants. The
determination of these trace and radioactive elements is
necessary as suggested by World Health Organisation to
evaluate safety of such medicinal plants as well as their
efficacy and potency ).

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 as presented in
Table 1 were collected from Mubi North, Mubi South and
Maiha Local Government Areas of Adamawa State,
Nigeria. Following the sampling, 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. Based on the same protocols described by
Magili et al, !, the dried powdered samples of the plants
tissues for each plants species 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 were heat-sealed
and processed following same methods adapted in our
previous work [20, 21].

Table 1: List of the Selected Medicinal Plant used in the investigation

Local name Abbreviation
S/No. Botanical name Family name Common name (Hausa) Parts used. used
1 Te_rmlna}llg Combretaceae Te_rmlnalladlctyonum Baushe Roots, stem bark TA
avicennioides adiels and leaves
2. Hymenocadia acida | Hymenocadiacese | Red onion Janyaaro Roots, stem bark HA
and leaves
3. Leptadenia Hastata | Asclepiadaceae Cyandumhastatum Dan barawo aRr? do:se,af/teesm bark LA
4. Balaml_tes Balanitiaceae Soapberry tree Aduwaa Roots, stem bark BA
aegyptiacae and leaves
5 Ageratl_Jm Asteraceae White weed, Billi-Goat Gwiwan jimina Roots, stem bark AC
conyzoides weeds and leaves
6. Sclerocarya birrea | Anacaardiaceae Spondias birrea Daniya/Lule/Nunu aRr?doizéf/t:sm bark SB
Roots, stem bark
7. Ar_logelssus Combretaceae African birch Markee and leaves AL
leiocarpus
Jatropha Zuau Roots, stem bark
8. pna Euphorbiaceae Wild cassada g and leaves JG
gossypiifolia
Paradaniellia Roots, stem bark
9. Daniellia oliveri Caesalpinioideae oliveri maje and leaves DO
10. | Sarcocephalus Rubiaceae Nauclea latifolia tafashiya Roots, stem bark SL
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latifolius

and leaves

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) 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 %81,
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 (WINSPAN 2004) ], software
developed at CIAE, Beijing, China

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

3.1Non-essential Elements in Anti-diabetic Medicinal
Plant Samples

Based on the results presented in Fig.1, Aluminum (Al)
was observed to be present in all the samples analyzed,
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except in the leave samples of Hymenocardia acida. The
highest concentration was recorded in the leave samples of
Ageratum conyzoides (270530 mg/kg), with the least
concentrations recorded in the leave sample of
Sarcocephalus latifolius (2905 mg/kg), with variability
coefficient of 81%. The results revealed significant
(P<0.05) differences between all pairwise concentrations in
the leaves samples, except between Terminalia
avicennioides vs Balanites aegytiacae and Anogeissus
leiocarpus vs Daniellia oliveri. Further, the concentration
of Al in the stem bark samples was highest in
Sarcocephalus latifolius (2205+22 mg/kg) and least in
Anogeissus leiocarpus (49818 mg/kg), with variability
coefficient of 55%. The results revealed significant
(P<0.05) differences between all pairwise concentrations
except between Balanites aegytiacae vs Jathropha
gossypiifolia, Ageratum conyzoides vs Sclerocarya birrea
and Ageratum conyzoides vs Daniellia oliveri.

The results of the study further shows highest concentration
of Al in the root bark sample of Ageratum conyzoides
(14560+146 mg/kg) and least amount in Hymenocardia
acida (864+39 mg/kg), with a variability coefficient of
99.6%. The results revealed significant (P<0.05)
differences between all pairwise concentrations except
between Terminalia avicennioides vs Hymenocardia acida,
Terminalia avicennioides vs Sclerocarya birrea and
Hymenocardia acida vs Sclerocarya birrea.

On the average, the order of Al concentrations distribution
were observed to followg the ranking, root bark>stem
bark>leaves. Furthermore, the concentration of Al in all the
plants parts showed that Sarcocephalus latifolius, contained
the least (290.0+£5.0 mg/kg) while Ageratum conyzoides
(14560.0+146 mg/kg) was highest.
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Fig. 1: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Aluminum. The results are presented
as Mean=SD of three replicate analysis. Where “BDL” signified below detection limit.

Figure 2, shows the distribution of Arsenic (As) in the
leave, stem bark and root bark samples of the anti-diabetic
medicinal plants. The concentration of As was highest in
the leave of Anogeissus leiocarpus (0.500+0.10 mg/kg) and
least in Ageratum conyzoides (0.047+0.014 mg/kg), with
variability coefficient of 95%. Arsenic was not detected in
the leave samples of Daniellia oliveri, Hymenocardia
acida, Jathropha gossypiifolia, Sarcocephalus latifolius,
Sclerocarya birrea and Terminalia avicennioides, but the
results revealed significant (P<0.05) differences between

~g7~

the pairwise concentrations in four leaves samples except
between Leptadenia hastata vs Balanites aegytiacae,
Leptadenia hastata vs Ageratum conyzoides and Balanites
aegytiacae vs Ageratum conyzoides. The stem bark
concentration of As was detected only in Sarcocephalus
latifolius ~ (0.0310+£0.009 mg/kg). Similarly, the
concentration of As was detected only in root bark samples
of three species, the Ageratum conyzoides (0.1600+0.02
mg/kg), Sarcocephalus latifolius (0.0380+0.011 mg/kg)
and Terminalia avicennioides (0.0200+0.01 mg/kg), with a
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variability coefficient of 92.4%. The results revealed
significant  (P<0.05) differences between pairwise
concentrations in the plants samples except between
Terminalia avicennioides vs Sarcocephalus latifolius. On
the average, the order of As concentrations distribution was
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observed to follow the pattern, leaves> root bark>stem
bark. And further showed that Sclerocarya birrea contained
the least while, Anogeissus leiocarpus (0.5£0.1mg/kg) was
highest.

d

1G LH SL SB TA

A Leaves BDL 0.5 0.2 BDL

BDL

BDL 0.1 BDL BDL BDL

[@Stem Bark| BDL BDL BDL BDL

BDL

BDL | BDL | BDL | gpL | BOL

ERoot Bark 0.2 BDL BDL BDL

BDL

BDL BDL BDL BDL BDL

Fig. 2: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Arsenic. The results are presented as
Mean=SD of three replicate analysis. Where “BDL” signified below detection limit.

The distribution of Barium (Ba) in the leave, stem bark and
root bark samples of the anti-diabetic medicinal plants are
presented in Figure 3. The results showed that Ba was
present in all the samples analyzed. The concentrations in
the leave was highest in Ageratum conyzoides (1280+12
mg/kg) and least in Daniellia oliveri (65.0+17.0 mg/kg),
with variability coefficient of 119%. The results revealed
significant (P<0.05) differences between the pairwise
concentrations in more than 60% of the leaves samples.
The concentration of Ba in the stem bark samples was
higher in Anogeissus leiocarpus (230.0+£16.0 mg/kg) and

variability coefficient of 113%. The results revealed
significant (P<0.05) differences between the pairwise
concentrations in more than 60% of the stem bark samples.
Furthermore, the concentration in the root bark samples
was observed to be higher in Terminalia avicennioides
(459416 mg/kg) and lowest in Daniellia oliveri (114+14
mg/kg), with a variability coefficient of 42.1%. The results
revealed significant (P<.05) differences between the
pairwise concentrations in more than 70% of the root bark
samples. The order of concentrations distribution was
observed to follow the ranking, stem bark> root

least in Daniellia oliveri (70.0+14.0 mg/kg), with bark>leaves.
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Fig. 3: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Barium. The results are presented as
MeanzSD of three replicate analysis.

The distribution of Rubidium (Rb) in the leave, stem bark
and root bark samples of the anti-diabetic medicinal plants
investigated are presented in Figure 4. With the exception
of the tissues samples of Jathropha gossypiifolia, the
results showed Rb detected in all the samples analyzed.

The concentration of Rb was highest in the leave of
Ageratum conyzoides (71.0+3.0 mg/kg) and least in
Daniellia oliveri (8.0£2.0 mg/kg), with variability

~g5g~

coefficient of 78%. The results revealed significant
(P<0.05) differences between the pairwise concentrations
in more than 60% of the leave samples. The stem bark
concentration of Rb was highest in Ageratum conyzoides
(79.0£3.0 mg/kg) and least in Terminalia avicennioides
(9.5+£1.4 mg/kg), with variability coefficient of 97%. The
results revealed significant (P<0.05) differences between
pairwise concentrations in only about 45% of the stem bark
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samples. Furthermore, the concentration of Rb in the root
bark sample was observed to be higher in Ageratum
conyzoides (83.2+2.8 mg/kg) and lowest in Terminalia
avicennioides (8.0+1.0 mg/kg), with a variability
coefficient of 67%. The results revealed significant
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20 A

10 -+

7 77

(P<0.05) differences between pairwise concentrations in
about 80% of root bark samples. On the average, the order
of Rb concentrations distribution followed the ranking, root
bark>leaves >stem bark.

o - ,

SB TA
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Ed Stem Bark 13 9
El Root Bark 83 26 49 19 12 60 19 47 26 8

Fig. 4: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Rubidium. The results are presented as
Mean+SD of three replicate analysis. Where “BDL” signified below detection limit

The distribution of Scandium (Sc) in the leave, stem bark
and root bark samples of the anti-diabetic medicinal plants
are presented in Figure 5. From the figure, Sc was detected
in all the samples analyzed. The concentration of Sc was
observed to be higher in the leave sample of Sarcocephalus
latifolius (457.0£84.0 mg/kg) and least in Daniellia oliveri
(0.060£0.01 mg/kg), with variability coefficient of 308%.
The results revealed significant (P<0.05) differences
between pairwise concentrations in only about 30% of the
leaves samples. The concentration in the stem bark was
equally observed to be higher in Sarcocephalus latifolius
(0.390+£0.01 mg/kg) and least in Anogeissus leiocarpus
(0.080+0.01 mg/kg), with variability coefficient of 60.4%.
The results revealed significant (P<0.05) differences
between pairwise concentrations in more than 75% of stem
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bark samples.

Furthermore, the results shows the highest concentration of
Sc in the root bark sample of Jathropha gossypiifolia
(76.0+2.0 mg/kg) and lowest in Hymenocardia acida
(0.084+£0.012 mg/kg), with a variability coefficient of
198%. The results revealed significant (P<0.05) differences
between pairwise concentrations in only about 40% of the
root bark samples. On the average, the order of Sc
concentrations distribution was observed to follow the
ranking, leaves > root bark>stem bark. The concentrations
of Sc in plants parts showed that Anogeissus leiocarpus,
Balanites aegytiacae, Terminalia
avicennioides,Sclerocarya birrea and Daniellia oliveri
contained the lowest concentration, while Sarcocephalus
latifolius is the highest.

AC AL BA DO

HA

G LH SB TA

Bl Leaves 0.4 0.1 0.1 0.1

0.3

0.2 0.2 0.1 0.1
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Fig. 5 Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Scandium.

0.1

0.1 0.2

76 0.2

The results are presented as

MeanxSD of three replicate analysis.

The results in Fig.6, shows the distribution of Strontium
(Sr) in the leave, stem bark and root bark samples of the
anti-diabetic medicinal. With the exception of the leave
samples of Ageratum conyzoides and Hymenocardia acida,
Sr was detected in all other tissue samples analyzed. The
highest concentration was recorded in the leave sample of
Balanites aegytiacae (111.0+7.0 mg/kg) and least in

~g5g~

Sarcocephalus latifolius  (32.046.0 mg/kg), with a
variability coefficient of 45%. The results showed
significant  (P<0.05) differences between pairwise

concentrations in more than 70% of leave samples.
Likewise, the results showed significant concentration of Sr
in the stem bark samples of Anogeissus leiocarpus
(381.0+10.0 mg/kg) and least in the sample of Leptadenia
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hastata (61.0+6.0 mg/kg), with variability coefficient of
73%. With significant (P<0.05) differences between
pairwise concentrations in about 70% of the stem bark
samples.

The concentration in the root bark samples was observed to
be higher in Hymenocardia acida (282.0+18.0 mg/kg) and
lowest in Ageratum conyzoides (24.0£8.0 mg/kg), with a

variability coefficient of 71%. The results revealed
significant  (P<0.05) differences between pairwise
concentrations in about 80% of root bark samples. On the
average, the order of Sr concentrations distribution was
observed to follow the ranking, stem bark> root

bark>leaves.
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Fig. 6: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Strontium. The results are presented as
Mean+£SD of three replicate analysis. Where “BDL” signified below detection limit.

The distribution of Vanadium (V) in the leave, stem bark
and root bark samples of the anti-diabetic medicinal plants
is presented in Fig 7. The concentration was highest in the
leave samples of Sarcocephalus latifolius (33.0+6.0 mg/kg)
and lowest in Anogeissus leiocarpus (0.68+0.15 mg/kg),
with variability coefficient of 186%. Vanadium was not
detected in the leave samples of Balanites aegytiacae,
Daniellia oliveri, Hymenocardia acida and
Sclerocaryabirrea, but the results showed significant
(P<0.05) differences only between pairwise concentrations

of the leave samples of Leptadenia hastata vs
Sarcocephalus latifolius, Terminalia avicennioides vs
Sarcocephalus latifolius, Ageratum conyzoides vs
Sarcocephalus latifolius,Anogeissus  leiocarpus  vs
Sarcocephalus latifolius and Jathropha gossypiifolia vs

Sarcocephalus latifolius.
The concentration in the stem bark samples was higher in

Sarcocephalus latifolius (2.60+0.2 mg/kg) and lowest in
Balanites aegytiacae (0.70+0.2 mg/kg), with variability
coefficient of 66%. Vanadium was not detected in stem
bark samples of Sclerocarya birrea, but the results revealed
significant  (P<0.05) differences between pairwise
concentrations in only about 30% of stem bark samples.
The study revealed significant concentration of V in the
root bark sample of Ageratum conyzoides (15.0+£1.0 mg/kg)
and lowest in Sclerocarya birrea (1.120+0.24 mg/kg), with
a variability coefficient of 96%. Vanadium was not
detected in the root bark samples of Hymenocardia acida
and Leptadenia hastata, but the results revealed significant
(P<0.05) differences between the pairwise concentrations
in about 50% of the root bark samples.

On the average, the order of V concentrations distribution
was observed to follow the ranking, leaves > root
bark>stem bark respectively.
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Fig. 7: Analysis of Tissues Samples of Anti-diabetic Medicinal Plants showing the Concentrations of Vanadium. The results are presented as
MeanzSD of three replicate analysis. Where “BDL” signified below detection limit.
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3.2 Radioactive Elements in the Anti-diabetic Medicinal
Plant Samples

The activity levels of the radioactive elements in the anti-
diabetic plants tissue samples are respectively presented in
Table 2.

From the results in the table, the concentrations of
Europium (Eu) in the leaves sample was observed to be
higher in Hymenocardia acida (4.940+0.12mg/kg) and
lowest in Leptadenia hastata (0.101+0.03 mg/kg), with
variability coefficient of 181.4%. The elements was not
detected in leave samples of Ageratum conyzoides,
Daniellia oliveri, Jathropha gossypiifolia,Sarcocephalus
latifolius and Terminalia avicennioides, but the results
showed significant (P<0.05) differences only between
pairwise concentrations of the leave samples of Leptadenia
hastata vs Hymenocardia acida, Hymenocardia acida vs
Balanites aegytiacae, Hymenocardia acida vs Sclerocarya
birrea and Hymenocardia acida vs Anogeissus leiocarpus.
The results further shows the concentration of Eu to be
highest in the stem bark samples of Sclerocarya birrea
(2.60+0.2 mg/kg) and lowest in Anogeissus leiocarpus and
Balanites aegytiacae (0.090+0.02 mg/kg), with variability
coefficient of 149.7%. The element was not detected in the
stem bark samples of Daniellia oliveri, Jathropha
gossypiifolia and Sarcocephalus latifolius, but the results
revealed significant (P<0.05) differences between pairwise
concentrations in about 50% of stem bark samples.
Furthermore, the root bark sample was observed to contain
the highest concentration in Hymenocardia acida
(0.250£0.05 mg/kg) and lowest in Sclerocarya birrea
(0.090+0.03 mg/kg), with a variability coefficient of 42%.
The element was not detected in root bark samples of
Balanites aegytiacae, Daniellia oliveri, Jathropha
gossypiifolia, Leptademia hastata, Sarcocephalus latifolius
and Terminalia avicennioides, but the results revealed
significant (P<0.05) difference only between pairwise
concentrations of Hymenocardia acida vs Sclerocarya
birrea in root bark samples. On the average, the order of Eu
concentrations distribution was observed to follow the
ranking, leaves >stem bark> root bark.

The distribution of Lanthanum (La) in the leave, stem bark
and root bark samples of the anti-diabetic medicinal plants
are presented and discussed herein. The concentration in
the leaves was observed to be higher in Daniellia oliveri
(1096.0+24.0 mg/kg) and lowest in Balanites aegytiacae
(2.330+0.03 mg/kg) with variability coefficient of 272%.
The results revealed significant (P<0.05) differences
between pairwise concentrations in only about 50% of the
leaves samples. The stem bark concentration was observed
to be higher in Hymenocardia acida (11.540+0.06 mg/kg)
and least in Daniellia oliveri (0.860+0.02 mg/kg), with
variability coefficient of 83%. The results revealed
significant (P<0.05) differences between all pairwise
concentrations  with the exception of Terminalia
avicennioides vs Sclerocarya birrea. In the root bark
samples, the concentration of La was highest in Balanites
aegytiacae (21.230+0.09 mg/kg) and lowest in Jathropha
gossypiifolia (2.280+0.04 mg/kg), with a variability
coefficient of 68%.The results revealed significant
(P<0.05) differences between all pairwise concentrations in
the respective root bark samples. On the average, the order
of La concentrations distribution is leave > root bark>stem
bark.

The results further show the distribution of Lutetium (Lu)
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in the leave, stem bark and root bark samples of anti-
diabetic medicinal plants. The concentrations in the leave
samples was highest in Hymenocardia acida (2.750+0.03
mg/kg) and lowest in Jathropha gossypiifolia (0.030+0.006
mg/kg), with variability coefficient of 167%. However, it
was not detected in leave samples of Anogeissus
leiocarpus, Balanites aegytiacae, Daniellia oliveri,
Leptademia hastata,Sarcocephalus latifoliusand Terminalia
avicennioides, but the results showed significant (P<0.05)
differences only between the pairwise concentrations of the
leaves samples of Hymenocardia acida against all the other
three plants samples, Ageratum conyzoides, Jathropha
gossypiifolia and Sclerocarya birrea. Stem bark
concentration of Lu was highest in Sarcocephalus latifolius
(2.60+0.2 mg/kg) and lowest in Jathropha gossypiifolia
(0.090+0.02 mg/kg), with variability coefficient of 199%.
However, it was not detected in stem bark samples of
Ageratum conyzoides, Balanites aegytiacae,
Danielliaoliveri, Jathropha gossypiifolia, Sclerocarya
birrea and Terminalia avicennioides, but the results
revealed significant (P<0.05) differences between the
pairwise concentrations in the stem bark samples except
between Leptadenia hastata vs Anogeissus leiocarpus,
Leptadenia hastata vs Jathropha gossypiifolia and
Anogeissus leiocarpus vs Jathropha gossypiifolia.

Further, the concentrations in the root bark was observed to
be higher in Ageratum conyzoides (0.210+0.01 mg/kg) and
lowest in Terminalia avicennioides (0.029+0.006 mg/kg),
with a variability coefficient of 63%. The results revealed
significant (P<0.05) difference only between pairwise
concentrations of about 40% of root bark samples. On the
average, the order of Lu concentrations distribution is leave
> root bark>stem bark. The concentration of Lu in plants
parts showed that Ageratum conyzoides, Balanites
aegytiacae and Sclerocarya birrea (0.1+0.0 mg/kg)
contained the lowest concentration, while Hymenocardia
acida (2.75+0.00 mg/kg) is highest.

From the results, the highest concentration of Samarium
(Sm) was recorded in the leave sample of Hymenocardia
acida (53.500+0.10 mg/kg) and the lowest concentration
recorded in Balanites aegytiacae (0.315+0.007 mg/Kkg),
with variability coefficient of 269%. The results showed
significant (P<0.05) differences between the pairwise
concentrations in about 70% of the leave samples. The
result further shows the stem bark concentration of Sm to
be highest in Sclerocarya birrea (22.100+0.50 mg/kg) and
lowest in Daniellia oliveri (0.160+0.004 mg/kg), with
variability coefficient of 216%. The results showed
significant  (P<0.05) differences between pairwise
concentrations in about 50% of the stem bark samples.

The concentration in the root bark sample was higher in
Sclerocarya birrea (59.00£1.00 mg/kg) and lowest in
Leptadenia hastata (0.370+0.010 mg/kg), with a variability
coefficient of 245%.

The results revealed significant (P<0.05) difference only
between pairwise concentrations of about 50% of root bark
samples. On the average, the order of Sm concentrations
distribution is root bark>leaves >stem bark.

The results also shows the distribution of Thorium (Th) in
the leaves, stem bark and root bark sample of the anti-
diabetic medicinal plants investigated. The result revealed
that Th was detected in all the samples except in the leave
samples of Daniellia oliveri, Hymenocardia acida and
Sarcocephalus latifolius. The concentration of Th in the
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leaves was highest in Jathropha gossypiifolia (0.670+0.01
mg/kg) and lowest in Balanites aegytiacae (0.040+0.01
mg/kg), with variability coefficient of 101%. Results
showed significant (P<0.05) differences between all the
pairwise concentrations of Th in leave samples, except
between Terminalia avicennioides vs Balanites aegytiacae,
Hymenocardia acida vs Daniellia oliveri, Hymenocardia
acida vs Sarcocephalus latifolius, Sclerocarya birrea vs
Anogeissus leiocarpus and Daniellia oliveri  vs
Sarcocephalus latifolius.

The results further shows the concentration in the stem bark
sample to be higher in Leptadenia hastata (0.390+0.1
mg/kg) and lowest in Jathropha gossypiifolia (0.070+0.01
mg/kg), with variability coefficient of 65%. The results
revealed significant (P<0.05) differences between the
pairwise concentrations of about 65% of the stem bark
samples. The concentration in the root bark sample was
highest in Balanites aegytiacae (2.120+0.08 mg/kg) and
lowest in Hymenocardia acida (0.060+0.01 mg/kg), with a
variability coefficient of 94%. The results revealed
significant (P<0.05) difference between all pairwise
concentrations of the root bark samples, except between
Terminalia avicennioides vs Leptademia Hastata,
Terminalia  avicennioides vs  Sclerocarya birrea,
Hymenocardia acida vs Anogeissus leiocarpus, Leptadenia
hastata vs Sclerocarya birrea, and Jathropha gossypiifolia
vs Daniellia oliveri. On the average, the order of Th
concentrations distribution is root bark>stem bark>leaves.
Furthermore, the concentration distribution of Uranium (U)
was detected only in the leaves of two plants species,
Hymenocardia acida (0.070+0.01 mg/kg) and Ageratum
conyzoides (0.010£0.006 mg/kg). The concentrations in the
stem bark was highest in Balanites aegytiacae
(0.381+0.005 mg/kg) and lowest in Terminalia
avicennioides (0.0030+0.001 mg/kg), with variability
coefficient of 286%. Uranium was not detected in the stem
bark samples of Anogeissus leiocarpus, Ageratum
conyzoides, Daniellia oliveri, Jathropha gossypiifolia,
Leptademia hastata and Sclerocarya birrea. The results
revealed significant (P<0.05) differences between pairwise
concentrations of U in stem bark samples except between
Hymenocardia acida vs Terminalia avicennioides,
Hymenocardia acida vs Sarcocephalus latifolius and
Terminalia avicennioides vs Sarcocephalus latifolius.

The concentration in the root bark sample was higher in
Ageratum conyzoides (0.041+0.004 mg/kg) and lowest in

Terminalia avicennioides (0.007+£0.002 mg/kg), with a
variability coefficient of 61%. The concentration was not
detected in root bark samples of Jathropha gossypiifolia,
Leptademia hastata and Sclerocarya birrea. The results
revealed significant (P<0.05) difference between pairwise
concentrations of about 60% of root bark samples. On the
average, the order of U concentrations distribution is stem
bark > root bark > leaves. The concentration of U in plants
parts showed that, Ageratum conyzoide (0.010 mg/kg)
contained the lowest concentration, while Balanites
aegytiacae (0.381+0.01 mg/kg) is the highest.

The table also presents the distribution of Ytterbium (Yb)
in the leaves, stem bark and root bark samples of the anti-
diabetic medicinal. The concentration of Yb in the samples
was not detected in Anogeissus leiocarpus, Balanites
aegytiacae, Daniellia oliveri, Sarcocephalus latifolius and
Terminalia avicennioides but the highest Yb concentration
was in Hymenocardia acida (43.50£0.40 mg/kg) and
lowest in Jathropha gossypiifolia (0.28+£0.050 mg/kg), with
variability coefficient of 196.8%. The results revealed
significant (P<0.05) differences only between the pairwise
concentrations of Yb in leave samples of Leptadenia
hastata vs Hymenocardia acida, Hymenocardia acida vs
Ageratum conyzoides, Hymenocardia acida vs Sclerocarya
birrea and Hymenocardia acida vs Jathropha gossypiifolia.
The concentration in stem bark was not detected in samples
of Anogeissus leiocarpus, Ageratum conyzoides, Balanites
aegytiacae, Daniellia oliveri, Sclerocarya birrea and
Terminalia avicennioides. But Yb concentration was
highest in Hymenocardia acida (2.000+0.100 mg/kg) and
lowest in Jathropha gossypiifolia (0.140+£0.030 mg/kg),
with variability coefficient of 215.6%. The results revealed
significant (P<0.05) differences between the pairwise
concentrations of Yb in stem bark samples of the plants
except between Leptadenia hastata vs Jathropha
gossypiifolia and Leptadenia hastata vs Sarcocephalus
latifolius. The concentration of Yb in the root bark was not
detected in samples of Leptadenia hastata and Sclerocarya
birrea, but was highest in Ageratum conyzoides
(2.940+0.170 mg/kg) and lowest in Anogeissus leiocarpus
(0.034+£0.050 mg/kg), with a variability coefficient of
69.7%. The results revealed significant (P<0.05) difference
between pairwise concentrations of about 60% of root bark
samples of plants. On the average, the order of Yb
concentrations distribution is leaves > root bark >stem
bark.

Table 2: The Concentration of Radioactive Elements (mg/kg) in the Anti-diabetic Medicinal Plants Distributed by Tissue (mg/kg). Where
“BDL” signified Below Detection Limit

Plant Species Sample Eu La Lu Sm Th U Yb
Leaves BDL 4.5+0.0 0.1+0.0 | 0.7+0.0 | 0.4+0.0 | 0.01+0.0 | 0.8+0.1
Ageratum conyzoides Stem Bark | 0.1+0.0 | 2.2+0.0 BDL 0.3+0.0 | 0.2+0.0 | BDL BDL

Root Bark | 0.2+0.0 | 13.6+0.1

0.2+0.0 | 2.4+0.0 | 1.2+0.0 | 0.04+0.0 | 2.940.2

Leaves 0.2+0.0 | 6.1+0.0 BDL 1.0£0.0 0.1+0.0 | BDL BDL
Anogeissus leiocarpus | Stem Bark | 0.1+0.0 | 2.0+0.0 BDL 0.2+0.0 | 0.1+0.0 | 0.03+0.0 | BDL

Root Bark | 0.2+0.0 | 10.2+0.1 0.1+0.0 | 1.5+0.0 0.1+0.0 | BDL 0.3£0.1

Leaves 0.1+0.0 | 2.3+0.0 BDL 0.3£0.0 BDL BDL BDL

Balanites aegytiacae Stem Bark | 0.1+0.0 | 3.6+0.0

BDL 2.6+0.0 | 0.3+0.0 | 0.4+0.0 BDL

Root Bark | BDL 21.240.1

0.1+0.1 | 3.140.0 | 2.1+0.1 | 0.02+0.0 | 1.0+0.1

Daniellia oliveri Stem Bark | BDL 0.9+0.0

Leaves BDL 1096.0+24.0 | BDL 0.4+0.0 | BDL BDL BDL
BDL 0.2#0.0 | 0.1+0.0 | BDL BDL
Root Bark | BDL 5.7+0.0 0.1+0.0 | 1.1+0.0 | 0.8+0.0 | BDL 0.9+0.1
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Leaves 49+0.1 | 75.2+0.2 2.8+0.0 | 53.5+0.1 | BDL 0.07+0.01 | 43.5+0.4
Hymenocardia acida Stem Bark | 0.3#0.0 | 11.5+0.1 0.2+0.0 | 3.2+0.0 | 0.240.0 | 0.02+0.0 | 2.0+0.1
Root Bark | 0.3+0.1 | 8.2+0.1 0.1+0.0 | 2.2+0.0 | 0.1+0.0 | 0.02+0.0 | 1.3#0.1
Leaves BDL 2.4+0.0 BDL 0.4+0.0 | 0.7+0.0 | BDL 0.3+0.1
Jathropha gossypiifolia | Stem Bark | BDL 1.6+0.0 BDL 0.3+0.0 | 0.1+0.0 | BDL 0.1+0.0
Root Bark | BDL 2.3+0.0 0.2+0.0 | 0.4+0.0 | 0.8+0.0 | BDL 1.3+0.1
Continuation of Table 2
Plant Species Sample Eu La Lu Sm Th U Yb
Leaves 0.1+0.0 | 5.2+0.1 | BDL 0.4+0.0 | 0.2+0.0 | BDL 0.3+0.1
Leptadenia hastata Stem Bark | 0.1+0.0 | 3.7£0.0 | BDL 0.5+0.0 | 0.4+0.0 | BDL 0.3+0.1
Root Bark | BDL 3.2+0.0 | BDL 0.4+0.0 | 0.3+0.1 | BDL BDL
Leaves BDL 2.840.0 | BDL 0.4+0.0 | BDL BDL BDL
Sarcocephalus latifolius | Stem Bark | BDL 4.8+0.0 | 0.5+0.0 | 0.8+0.0 | 0.3+0.0 | 0.02+0.0 | 0.3+0.0
Root Bark | BDL 7.5+0.0 | 0.1+0.0 | 1.240.0 | 0.6+0.0 | 0.02+0.0 | 0.8+0.1
Leaves 0.2+0.0 | 15.5+0.1 | 0.1+0.0 | 1.9+0.0 | 0.1+0.0 | BDL 0.4+0.1
Sclerocarya birrea Stem Bark | 0.9+0.0 | 2.5£0.0 | BDL 22.1+0.5 | 0.1+0.0 | BDL BDL
Root Bark | 0.1+0.0 | 4.7+0.0 | BDL 59.0+1.0 | 0.3+0.0 | BDL BDL
Leaves BDL 7.4+0.0 | BDL 0.9+0.0 | 0.1+0.0 | BDL BDL
Terminalia avicennioides | Stem Bark | 0.1+0.0 | 2.4+0.0 BDL 0.2+0.0 | 0.1+0.0 | BDL BDL
Root Bark | BDL 4.4+0.0 | BDL 0.6£0.0 | 0.3+0.0 | 0.002+0.0 | 0.5+0.1

Discussion

Although soil-plant interactions has always been the source
of nutrient transport into plant tissues, naturally occurring
radionuclides and other trace elements in the same way
constitute to the total uptake of element by plants. Though,
the former has been tacitly reported as being beneficial, the
role of the latter in the plants are seldom investigated, even
though the level of concentration may vary widely from
place to place, visa a vice from plant to plants.

Recognizing the fact that some macro and micro elements
derived from plants exerts some physiochemistry towards
insulin actions, this present study report therein, the
presence of other trace elements and NRN in the tissues of
the anti-diabetic medicinal plants investigated. This fact
quite often is not sufficiently taken into consideration and
thus, exposes the patient that depends on such plants
extracts for the treatment and management of DM at a great
risk of toxic-elements induced effects.

In the categories of non-radiative trace elements (Al, As,
Ba, RDb, Sc, Sr and V) investigated, only V were reported to
have a direct link with insulin related chemistry. Vanadium
was found in almost all the plants samples except in the
leave samples of Balamites aegyptiacae, Daniellia oliveri,
Hymenocadia acida and the root samples of Hymenocadia
acida and Leptadenia Hastata. And based on its role in
potentiating insulin action, V will thus, be classified in the
categories of essential trace elements. The potential use of
vanadium in the treatment of diabetic complications
including cardiomyopathy has been assessed and indeed its
hypoglycemic effect along with reversal of functional
abnormalities has been clearly demonstrated in several
studies B, Vanadium in the forms of vandyl sulfate (100
mg/day) and sodium metavanadate (125 mg/kg) has been
used as a supplement for diabetic patients .

The other trace elements (Al, As, Ba, Rb, Sc, and Sr)
investigated though, with no available information on their
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role in potentiating insulin metabolism, are also reported to
exert no specific physiochemistry in mimicking other
diseases except Ba which behaves as a two edged sword.
At low concentration could act as a muscle stimulant and
induces nervous breakdown and cardiac imbalance at
higher concentrations B2, In this group, As is considered a
major risk factor health wise. Though, found in only few of
the plant species at a very low consideration, its presence in
the medicinal plants could impair several metabolism. The
highest concentrations was recorded in the leave samples of
Anogeissus  leiocarpus  (0.50+  0.1lmg/kg). High
concentration of Arsenic (111) compounds are implicated in
inducing metabolic disorder, dermatitis, irritation of upper
respiratory passage and perforation of nasal septum, lun
cancer, cardiovascular and neurological effects [334,
Therefore, monitoring the content of these elements in
medicinal plants and their extract is of particular
importance for health.

The radioactive elements (Eu, La, Lu, Sm, Th, U, and Th.)
distributed in the various anti-diabetic medicinal plants
investigated in this study are shown in Table 2. Although,
these elements are chemically less toxic than other
inorganic constituents such as arsenic, selenium, lead,
cadmium or mercury compounds, questions have always
been raised concerning possible risk associated with
radiation. The concentrations of these radioactive elements
as observed and recorded in this present study are below
levels of human concern .. The concentrations of uranium
in the medicinal plants are below the current standards of
20 parts per billion (ppbg. These elements are below levels
of human health risks ). It was observed that these plants
contain appreciably amount of these radioactive elements
such as U and Th which are also considered non-essential
for organisms. It is the most poisonous of all metals when
injected intravenously or subcutaneously and this can lead
to kidney failure. Lanthanum is important in delaying blood
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clothing which may also leads to hemorrhage and liver
injury. Other radioactive element such as Sm and Yb has a
moderate degree of toxicity to animals and are known to
depress blood coagulation leading to hemorrhage.
Similarly, no known toxicity related effects of Lu and Eu
on plants, animals or man available. However, it is
suggested that continuous use of medicinal plants
containing radionuclides can be toxic, owed to their
radioactivity =%,

The uptake of radionuclides by plants serves as one of the
portal for the migration of natural radionuclides into
human. Leukemia and cancer related diseases are fallback
of the accumulation of radionuclides in medicinal plants
used for herbal preparations. Study showed that,
approximately 10-15% of *°Pb and #*Pb ions, 99% of
2%Ra and ®Ra, *Bi and the soluble form of ?°Po readily
find their way into the blood and/or the lung fluid stream,
and interfered with the normal metabolic activity in the
skeletal tissues by displacing/or substituting physiological
calcium P The affinity of U to bind readily to
electron donor makes the cells lining of bones and other
body tissues susceptible to its attack. Thus contributing to
the onset of cancer related chemistry 2 3

Many factors are attributed to the availability of NRN in
the soil or plant uptake. It was observed that continues
application of plant growth enhancement products such as
phosphate fertilizer may elevate heavy metal, radionuclide
contents and fluorine concentrations in soil profiles. And
thus, may increase the soil to plant transfer of alpha activity
2439 Notable radionuclides such as radium, thorium and
their decays products are easily sway into plant tissues. A
cited example was reported in a study by Kumar and
Chauhan, 4 in the study, the track density of
radionuclides was found to be higher for plants treated with
phosphate fertilizer as compared to plants treated with
organic and urea. Phosphate rock which are also reported to
be the chief starting materials for phosphate fertilizers are
reported by many research to contain high content of
radium and thorium “**1 and may have influenced their
bioavailability in medicinal plants. Other study also
revealed a direct relationship between the content of P,Og
and uranium as both forms of uranium [U(SO,),] or
[UO,(S0O,)] in fertilizers are observed to be readily soluble
in water [*?. Thus and increase in fertilizer contents directly
influence phosphorus content in soil 1> “* *! and hence the
availability of uranium into the soil and plant [Kumar and
Chauhan, 2014]. Thus, the determination of the
concentration of this radionuclide in the selected anti-
diabetic medicinal plants in this study will further reinforce
awareness of possible side effect to the end user 4.

Conclusion

It’s a well-established fact that some macro and micro
elements in medicinal plants played an important role in
potentiating insulin metabolism, considering the fact that
their deficiencies invariable contribute to DM and related
complications. Though, their bioavailability in the plants
may have contributed to their therapeutic efficiency against
the scourge of DM, same plants was observed to house
some other non-essential element and NRN that may in a
more practical sense leads to the onset of toxic induce
metabolism to the end user. This study therefore, revealed
the presence of these non-essential element and NRN in the
selected anti-diabetic medicinal plants. However, the
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behavior of V detected in the medicinal plants redefined its
position from being non-essential as initially classified to
essential element. Vanadium was found in almost all the
plants samples except in the leave samples of Balamites
aegyptiacae, Daniellia oliveri Hymenocadia acida and the
root samples of Hymenocadia acida Leptadenia Hastata.
Vanadium was reported to have a direct link with insulin
related chemistry. From the results, the elements with the
highest concentration distribution are Al and the least
distributed element is As. The highest concentration of Al
was found in the root bark sample of Ageratum conyzoides
with the leave sample of Anogeissus leiocarpus containing
the highest amount of As. Analysis of the radioactive
materials though, below the risk impact levels showed La
in virtually all the plants species and widely distributed in
all the plant tissues, with the highest concentration recorded
in the leaves sample of Daniellia oliveri. The results further
shows the presence of small amount of U in only few of the
plants species with the highest concentration recorded in
the stem bark sample of Balamites aegyptiacae. It will
suffice to say that, the presence of these non-essential
elements and NRN as described in this study further bring
into light the salient factor related to potential toxicity of
the selected anti-diabetic plants. An important factor to
consider before considering plant extract for medicinal
application
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