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Abstract

Plasma levels of copper, zinc, iron and selenium have been reported by several researchers to be affected in
chronic inflammatory diseases. There is paucity of data on whether plasma levels of these elements in arthritic
patients are altered during treatment with A. boonei plant extracts. This study was therefore designed to assess
the plasma levels of copper, zinc, iron and selenium in formalin-induced arthritic rats treated with aqueous stem
bark extract of A. boonei. Thirty-five female Wistar rats divided into five groups (Group I, Group 1, Group I,
Group 1V, and Group V) of five rats per group were used. Arthritis was induced in Group I, I, 1l and IV by
sub-aponeurotic injection of 0.1mL of 2% w/v formalin in normal saline. Group | served as the positive control
and were left untreated while Group Il, 111, IV were given the aqueous stem bark extracts of A. boonei at the
dosage of 150mg/kg, 300mg/kg, 600mg/kg per body weight respectively. The administration of the extracts
lasted for five days. Group V served as the negative control and were neither induced nor administered any
form of the extract. The plasma samples were analyzed using atomic absorption spectrophotometer.The results
obtained showed a decrease, 22.8+0.91 pg/dl (P<0.05) in the plasma zinc levels of rats treated with the stem
bark extracts compared to the negative controls 35.6+1.57 pg/dl, while no significant difference (P>0.05) was
observed between the selenium and zinc levels in rats treated with the aqueous extracts stem bark extract of A.
boonei. Significant increase (P<0.05) in serum Fe levels (345.0+16.34 pg/dl) was observed in group Ill and
406.0£4.12 pg/dl in group IV (300mg/kg and 600mg/kg of extract administered respectively).

The increase in the iron levels as observed in this study might have therapeutic effects on the arthritic status of
these rats.
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Introduction
A large portion of the world population especially in developing countries depend on traditional system
of medicine for treatment of a variety of diseases. Medicines from indigenous plants form the basis of primary
health care for a majority of people living in urban and rural or remote areas of the third world countries.
The reason for this dependence is the perceived low cost, easy access and ancestral experience as well as the
belief that these medicines are devoid of adverse effects (1). In recent times, focus on plant research has
increased all over the world and a large body of evidence has been collected to show immense
potentials of medicinal plants used in various traditional systems (2). The paradigm shift is prompted by
the quest for natural products from plant origin having protective properties and possessing minimal side effects.
One of such medicinal plants with ethno-medical claims is Alstonia boonei.
The tree is sacred and worshipped in some parts of Africa (3). The plant is not edible as food, it possess roots,
stems, barks, leaves, fruits, seeds, flowers, and latex, which are claimed to have medicinal values in some
cultures in African countries (4,5). A decoction could be sweetened with pure honey and be taken up to 4 times
daily as an effective painkiller (3). Arthritis is a form of joint disorder that involves inflammation of one or more
joints. The term arthritis includes more than 100 different rheumatic diseases and conditions, the most common
of which is osteoarthritis. Other forms of arthritis that occur often are rheumatoid arthritis, lupus, fibromyalgia,
and gout. Symptoms include pain, aching, stiffness, and swelling in or around the joints. Some forms of
arthritis, such as rheumatoid arthritis and lupus, can affect multiple organs and cause widespread symptoms (6).
The importance of trace elements in arthritis is of great interest because many trace elements are
cofactors in metabolic processes involving collagen and bone structure or immune system functions.
Increased levels of cytokines, such as interleukin-1 (IL-1), tumor necrosis factor-a (TNF-o), and IL-6, are
associated with active arthritis, which may affect the bioavailability of these trace elements by stimulating the
production of metal-binding proteins in the liver or intestine. The increased production of metallothionein may
affect the sequestration of metal ions so that they are unavailable in blood circulation. Many of these trace
elements are incorporated into antioxidant enzymes. Elevated production of free radicals (FRs) in inflamed
joints and dysfunction of the antioxidant system have been implicated in RA (7). Inflammation and tissue
damage associated with oxidative stress (OS) have also been implicated in the pathogenesis of arthritis (8). A
relationship has been observed between chronic inflammatory diseases and trace elements in many studies. In
these studies, an alteration in the metabolism of these minerals was demonstrated (9,10,11). The plasma levels
of copper, zinc, iron and selenium have been reported by several researchers to be affected in chronic
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inflammatory diseases. There is paucity of data on whether plasma levels of these elements in arthritic patients
are altered during treatment with A. boonei plant extracts

In view of this, this study was designed to assess the plasma levels of copper, zinc, Iron and Selenium in
formalin-induced arthritic rats treated with aqueous stem bark extract of A. boonei with the view of establishing
a connection between the effects of aqueous extracts of A. boonei on plasma copper, zinc, Iron and selenium
levels in in formalin-induced arthritic rats.

Materials and Method

Study Area

This work was conducted within the premises of University of Benin, Benin city, Edo state, Nigeria. Edo state
has a population of about 1,147,188 people.

Aqueous Extract Preparation

The powered stem bark of A. boonei (400g) was boiled in 4L of distilled water for 15 minutes to obtain the
aqueous extract. The extract was filtered and then concentrated under pressure in a rotar vapour at 68°C and
dried in an oven, at 50°C for 48 h (yield 5.5% the dried extract was stored in an air tight clean glass container at
40C until use.

Animal Stabilization and Feeding

Twenty five female Wistar rats weighing between 150-230g were obtained from the animal house of the
Department of Pharmacology and Toxicology, University of Benin, Benin City. The animals were stabilized for
two weeks in the animal house of the Department of Pharmacology, University of Benin, Benin City. The
animals were fed with standard rodent cubes obtained from Ladokun feed Ltd. (Ibadan, Nigeria) and had free
access to feed and water ad libitum. All animals were fasted overnight before the beginning of each experiment.
Animals were exposed to natural lighting condition and were handled according to standard experimental
protocols approved by the Faculty of Pharmacy Animal Ethics Committee, University of Benin.

Experimental design

Formalin-induced arthritis inflammation (lgbe et al., 2010) Modified.

The animals were divided into five groups comprising of five animals in each group. They were fully described,
weighed identified and marked, prior to the experiment.

Inflammation was induced by subaponeurotic injection of 0.1mL of 2% w/v formalin in normal saline in the
right hind paw of the rats (Group I, I1, I, and V) on the first and third day.

Group 1: This is the negative control group. This group received 3ml/kg of distilled water once a day for five
days. Plant extract was not administered to the animals in this group.

Group IlI: This test group received 150mg/kg, p.o of the aqueous stem bark extract once a day for five days.
Group I11: This test group received 300mg/kg, p.o of the aqueous stem bark extract once a day for five days.
Group IV: This test group received 600mg/kg, p.o. of the aqueous stem bark extract once a day for five days.
Group V: This is the positive control group. This group was induced by 1mg/kg of dexamethazone for the five
days.

The animals were sacrificed after 15min and both ears were cut off and weighed. The anti-inflammatory
activity was expressed as the percentage inhibition of oedema in the treated groups to that of the control
group. At the end of the experiment all the animals were anaesthesized using cotton wool soaked in chloroform.
They were dissected using dissecting set. Blood was collected from abdominal aorta and directly from the heart
using a 5mL syringe into a heparinized container. It was then centrifuged at 4000rpm for 10 minutes. The
plasma were collected into plain sterile bottles and used for plasma copper, zinc, selenium, and iron levels
estimation.

Plasma samples obtained from the rats were analyzed for trace element levels (Cu, Zn, Fe, Se) using atomic
absorption spectrophotometer (Perkin Elmer Analyst 800, Norwalk, U.S.A). Analytical assays were carried out
at the analytical laboratory of the Department of Chemistry, Faculty of Physical Science, University of Benin,
Benin-City, Nigeria.

Principle of Electrothermal Atomic Absorption Spectrometer (ETAAS)

The AAS is an emission technique in which an element in the sample is excited and the radiant energy given off
is measured as the element returns to its lower energy level. However, the element is not appreciably excited in
the flame, but is merely dissociated from its chemical bonds (atomized) and placed in an unexcited or ground
state (neutral atom). Thus, the atom is at a low energy level in which it is capable of absorbing radiation at a
very narrow bandwidth corresponding to its own line spectrum. A hollow cathode lamp with the cathode made
of the material to be analyzed is used to produce a wavelength of light specific for the material. The intensity of
the absorbed light is proportional to the concentration of the analyte in the sample.

Procedure for Copper, zinc, selenium and iron Analysis

Copper was analyzed using electro thermal atomic absorption spectrophotometer (Perkin Elmer analyst 800,
Norwalk, U.S.A) by adopting the methods of (13) as described below:

The recommended flame is air-acetylene, oxidizing (lean blue) flame
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Hollow cathode lamp specific for copper was inserted into the instrument

The wavelength was adjusted to 324.8nm.

The instrument was standardized and calibrated with standard blank and copper standard 1ug/L.

An aliquot of 20puL of diluted plasma sample was injected directly into the graphite furnace.

Equal volume of matrix modifier was injected into the graphite furnace

The concentration of copper was displayed in pg/dL on the screen after the run time (5mins).

Statistical Analysis

The statistical analysis of the data was carried out using SPSS (Statistical Package for Social Sciences) Version
20.0. The various results obtained from this study were expressed as Mean + S.E.M. Students T-test was used as
the post test for determination of significant difference between means. P-value equal to or less than 0.05 was
considered to be statistically significant.

Results
Table 1: Plasma levels of Cu, Zn, Fe and Se in rats injected with formalin and treated with aqueous extract of
A.Boonei

Variables Group | Groupll Grouplll Group IV Group V Level of

(pos control) (150mg/kg) (neg.control) Significance
(300mg/kg) (600mg/kq) g

Cu (pg/dl) 16.6+2.11 19.00+ 3.94 18.2+ 3.28 19.8+2.75 25.2+3.77 A

Zn (pg/dl) 22.8+0.91 25.80+2.08 27.4+3.36 24.4+1.83 35.6+1.57 B

Fe (ug/dl) 254+4.64 310.6+2.80 345.0+16.34 406.0+4.12 329.249.2

Se (po/dl)) 25.8+2.13 25.00+1.61 24.2+1.36 24.242.13 24.8+£1.77 A

Data are the Mean + SEM values for five mice in each group.
A Not significant B Significant

There was significant decrease (P<0.05) in plasma zinc and iron levels in Group | (positive control) compared to
Group V (negative control). However, no significant difference (P>0.05) was observed in plasma Copper and
Selenium levels in Group | (positive control) compared to Group V (negative control). There was significant
decrease (P<0.05) in plasma zinc levels in Group Il (150mg/kg) compared to Group V (negative control).
However, no significant difference (P>0.05) was observed in plasma Copper, Iron and Selenium levels in Group
I1 (150mg/kg) compared to Group V (negative control). There was significant decrease (P<0.05) in plasma zinc
level in Group 1V (600mg/kg) compared to Group V (negative control). Significant increase (P<0.05) in plasma
zinc level in Group IV (600mg/kg) compared to Group V (negative control) was observed. However, no
significant difference (P>0.05) was observed in plasma Copper, and Selenium levels in Group Il (600mg/kg)
compared to Group V (negative control).

Table 2 Effect of aqueous extract of A.Boonei on 2% w/v formalin -induced ear edema in mice

Treatment Dose Weight of Weight of left  Difference Inhibition
(ma/kg) right ear (mg) ear (mg) (mg) (%)

control(gp 1) 0 38.24+4.19 38.24+4.19 09.22+4.15

A.Boonei (gpll) 150 20.34+1.42 1726 £2.90  3.95+1.87** 73.06

A.Boonei (gp 111) 300 32.08 +1.87 31.82+2.84  2.76+0.71** 80.55

A.Boonei (gp 1v) 600 43.11+1.42 42104132 3.11+1.42** 85.21

Dexamethasone(gp V) 1 23.84 £1.63 18.54+£0.20  3.40+1.54** 74.94

Data are the Mean + SEM values for five mice in each group. ** p < 0.01 as compared to the negative control
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Fig.1. Serum Levels of Micronutrients in Exposed and Unexposed Participants

Discussion

In the present study, the anti-inflammatory activity of the aqueous leaf extract of A. boonei have been
evaluated using various animal models. The formalin/saline ear oedema model permits the evaluation of anti-
inflammatory steroids and is less sensitive to non-steroidal anti-inflammatory agents (14). Histopathologically,
severe vasodilation, edematous changes of skin and infiltration of inflammatory cells are detected as signs
of acute inflammatory response after topical application of xylene (15). In the present study, the increases in
ear weight were inhibited by the extract (150,300 and 600 mg/kg) in a dose related manner, thus suggesting a
likely indication of the antiphlogistic effects of the extract. The effect of the extract in this model suggests
inhibition of phospholipase A2 , similar to that provided by anti-inflammatory steroids such as
dexamethasone.

The presence of the reported phytochemical constituents in the extract may contribute to its observed
anti-inflammatory activity. This is based on the fact that many flavonoids and alkaloids have been found to
exhibit anti-inflammatory effects (12,16,17).

The inflammatory process of arthritis is accompanied with modifications in the status of trace elements such as
zinc, copper, iron and selenium which are redistributed through the various body compartments (18). These
elements play an important role as they participate in the host defense mechanism, i.e., by fighting against
cellular injuries produced by free radicals and other reactive oxygen species (19). A relationship has been
observed between chronic inflammatory diseases and trace elements in many studies. In these studies, an
alteration in the metabolism of these minerals was demonstrated (9, 10, 11). Hence, trace elemental assay in
biological fluids can be used as diagnostic or prognostic aid in patients (20, 21).

Anti-inflammatory effects of A. boonei stem bark extracts has been reported in mice (22) but there is paucity of
literature reports on the effects of A. boonei extracts on the plasma trace element levels in arthritis hence, the
need to carry out this study.

From the study, statistically significant difference (P < 0.05) in plasma Zn and Fe levels in positive control
compared to negative control. However, no significant difference (P>0.05) was observed in plasma Cu and Se
levels in positive control) compared to Group V (negative control).

Plasma Zn levels were significantly lower (P<0.05) in untreated arthritic rats (positive control) compared to
negative control rats which was in correlation with earlier findings (9, 10, 11, 23, 24, 25). This statistically
important difference suggests the critical role of inflammation in serum Zn depletion. The significant reduction
in Zn level may be due to the fact that Zn was highly utilized because it is an antioxidant and as a constituent of
the antioxidant enzyme structure SOD. Moreover, Zn acts in the defense mechanism against inflammation. This
finding shows that the development of inflammation and OS in arthritis induced an increase in the body’s
requirement for Zn. In addition, pro-inflammatory cytokines IL-1 and TNF-o, which are associated with the
pathogenesis of arthritis (26), inhibit the synthesis of aloumins in the liver and decrease their zinc-binding
capacity, thereby leading to lower levels of plasma Zn (27). The reduction in serum Zn levels may be related to
the synthesis of metallothionein in liver and other tissues. Metallothionein binds with 7 g atoms of Zn per mole,
and it is stimulated by IL-1 (28). Data from previous studies suggested a correlation between the extent of
inflammation and serum Zn depletion (18). The accumulation of Zn in metallothionein, inflamed joints and
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many other organs during inflammation possibly requires more Zn to activate other unidentified
metalloenzymes that are necessary for the stress conditions leading to hypozincemia in arthritis (29).
Anti-inflammatory and anti-arthritic properties of Cu are demonstrated on both animal and human studies (18).
It is reported that 30 to 50% increases in serum Cu level during an acute phase response triggered by IL-I
release largely depend upon the increased synthesis of ceruloplasmin. Copper has an important role in the
functions of many enzymes, and its deficiency can cause dysfunction of antioxidant enzymes peroxidase and
catalase (30). It is also demonstrated that ceruloplasmin increases during acute phase reactions in order to
scavenge toxic free oxygen radicals (18, 31).

Increased level of copper was reported in patients with rheumatoid arthritis (23, 9, 32, 29). In contrary, this work
revealed no significant difference between plasma copper levels in negative and positive control rats. The reason
that can be adduced for this is the short duration of time from induction of arthritis to treatment which was
insufficient to cause any significant alteration in plasma copper levels in the arthritic rats. This study
demonstrates that aqueous stem bark extracts of A. boonei showed no significant effect on the plasma copper
levels in treated rabbits.

Selenium is an antioxidant and main constituent of the antioxidant enzyme glutathione peroxidase. Low serum
levels were reported in patients with rheumatoid arthritis (11) or Juvenile chronic arthritis (33). Researchers
explained that the decreased levels of Se are possibly attributed to redistribution from the plasma into the tissues
as a defense mechanism against inflammation (29).

However, in this study, no significant change (P>0.05) was observed in plasma Se levels in the groups I, II, 111,
IV compared to the negative control (group VI). This may be attributed to insufficient duration of exposure of
the rats to inflammation.

This study demonstrates statistically significant difference (P < 0.05) between the plasma Fe levels in positive
control and group Il rats (treated with 150mg/kg of extract) compared to the negative control rats.

The plasma Fe levels were higher in negative control rabbits (Fe, 406.4 + 5.19 ug/dL) compared with positive
control rats (Fe, 256.8 £+ 4.64 pg/dL) and the group Il rats (279.0 £ 10.41 pg/dL) which concur with the report of
(34). However, significant increase was observed in group Il (treated with 300mg/kg of the extract) and group
IV (treated with 600mg/kg) when compared with the negative control. This may be due to a dose-dependent
anti-inflammatory activity of the aqueous stem bark extract of A. boonei administered.

Iron is a vital mineral to the human being required for erythropoiesis, oxygen transport, DNA synthesis and
electron transport. During inflammation, T cells and macrophages produce a number of cytokines which
influence the metabolism of iron; affecting its cellular uptake, transport, storage, as well as its absorption (35).
The production of inflammatory cytokines resulting in decreased availability of erythropoietin decreased
erythropoietic response in the bone marrow and inadequate erythropoiesis. Numerous cytokines included in the
pathogenesis of RA (36), like tumor necrosis factor-o. (TNF-a), interleukin-1 (IL-1), interleukin-10 (IL-10),
Interferon-y and interleukin-6 (IL-6), mediate ACD (37). It was found that injection of mice with TNF-a and IL-
1 caused hypoferremia and anemia (38). Interferon-y and TNF-a increase the expression of DMT1, causing an
increase in uptake of iron by activated macrophages (39). These proinflammatory stimuli also induce the
retention of iron in macrophages by decreasing the expression of ferroportin, thus blocking the release of iron
from these cells (39). Ferroportin is a transmembrane exporter of iron, a process that is believed to be
responsible for the transfer of absorbed ferrous iron from duodenal enterocytes to the circulation (40).
Interleukin-10 can induce anemia through the stimulation of transferrin-mediated acquisition of iron by
macrophages and by translational stimulation of ferritin expression (35). IL-6 induces the expression of
hepcidin, a 25 amino acid, iron regulated acute-phase protein, produced by hepatocytes and macrophages and
causes iron accumulation in macrophages (41).

The findings of this study may suggest that aqueous extracts of A. boonei stem bark exhibits a dose-dependent
inhibition of proinflammatory agents such as the cytokines thereby, increasing serum iron level during arthritis.
Conclusion

The ability of the A. boonei extract to inhibit inflammatory responses produced in the 2% wi/v formalin -
induced ear oedema model shows that it possessed anti-inflammatory properties.

These results thus justify its use in the treatment of arthritic inflammatory conditions. It has been
demonstrated from this study that there are abnormalities in the metabolism of Zinc and Iron in arthritis which
may be a contributory factor to the pathogenesis and progression of the disease. Given the significant changes in
serum levels of these parameters, these micronutrients could be used as complementary noninvasive parameters
for early diagnosis and treatment of arthritis conditions. In this regard, aqueous stem bark extract of A. boonei
plant as evident from this study has shown promising signs as potential therapeutic prospects for the
management and treatment of arthritis. However, the increase Iron levels as observed in this study might have
therapeutic effects on the arthritic status of these rats therefore; further research should be carried out in order to
establish this fact.
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