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ABSTRACT

This study evaluated the effects of ethanol and aqueous root extracts of Rauwolfia vomitoria and Olax
subscorpioidea on Chicken type II collagen in Complete I'reund’s Adjuvant-induced arthritis in albino rats. A
total of 225 albino rats, weighing between 120-200 g, were used and divided into 15 groups of 15 rats each.
Rheumatoid Arthritis (RA) was induced by administering 0.1 ml of Chicken type II-Complete Freund’s
Adjuvant into the left hind paw. The study duration was 32 days, during which the arthritic rats were treated
with Rauwolfia vomitoria and Olax subscorpioidea root extracts at doses of 400 mg, 600 mg, and 800 mg/kg
body weight. The sub-lethal toxicity study revealed significant increases (P<0.05) in WBC, platelet, and
differential counts, along with significant reductions (P<0.05) in RBC count, PCV, and HB in the adjuvant-
induced arthritic rats compared to the negative control group. However, treatment with the plant extracts
(groups 4-15) significantly reversed these trends towards normal levels compared to the untreated arthritis
group (group 2) within the 82-day period. The ameliorative effects of the extracts were both time- and dose-
dependent (P<0.05). This study concludes that the ethanol and aqueous root extracts of Rauwolfia vomitoria
and Olax subscorpioidea effectively ameliorate arthritis symptoms in albino rats, potentially due to the presence
of active chemical constituents. These findings provide scientific evidence supporting the therapeutic use of
these plant extracts in managing arthritis.

INTRODUCTION
The use of plants as medication cannot be overemphasized. Plants have continued to play a primary role in
the treatment, management and cure of diseases, relieve of pain and management of human health over the
years [17]. Recently, the use of traditional African medicine in treatments and remedies is now better
appreciated from researchers especially in the Western world. This interest in the use of plants in disease
management and treatment could be due to the rising cost of orthodox drugs. In general terms, medicinal
plants are plants that produce constituents that exert ameliorative effects and these constituents differ from
one plant to plant. Rawwolfia vomitoria is a known shrub or small tree of about 8m tall which belongs to the
Kingdom Plantae. . Rauvolfia vomitoria is used by Nigerian traditional healers to treat psychiatric patients [27.
It is also applied in the management of arthritis by local inhabitants of rural areas in Nigeria. In Democratic
Republic of Congo, Rauvolfia vomitoria can be used in the management of leprosy. The bark can be used as an
emetic and purgative (to induce vomiting). Its extracts made from its root, leaves, stem back etc are used in
the treatment of inflammation [87, it exerts antipyretic properties [4], anti-diabetic effect and anti-cancer
effect (due to the B-carboline alkaloid, alstonine), [5]. On the hand Olax subscorpioidea is a tree with
hemiparasitic, often glabrous alternate. It can be used in ethnomedicine for the treatment of various ailments
such as veneral diseases (Neiseriamgonorrhea), rheumatism, febrifuges, arthritis, antipyretics, liver disease,
heart disease and helps reduce fat during pregnancy. It can also be used in the treatment of cutaneous,
subcutaneous, parasitic infection and as genital stimulant/depressants [67].Rheumatoid arthritis (RA) is a
disease condition that causes chronic inflammation of the joints. It is autoimmune in nature. Rheumatoid
arthritis may be characterized by cartilage and bone deformities and systemic features, including
cardiovascular, pulmonary, psychological, and skeletal disorders synovial inflammation and swelling,
polyarticular inflammation of synovial tissue, that leads to pain, swelling, and joints stiffness of the hands,
wrists, and feet in particular, autoantibody production (rheumatoid factor and anti—citrullinated protein
antibody TACPAT), [77] . Rheumatoid arthritis causes functional limitations and may progress to destruction
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of the joint and equally extra-articular disease. Rheumatoid arthritis is referred to as a systemic illness,
because it can affect multiple other organs of the body and is sometimes known as rheumatoid disease [87.
Normocytic or microcytic anemia is relatively most common feature associated with Rheumatoid Athritis. The
effects of proinflammatory cytokines: tumor necrosis factor alpha (TNF-a), interferon gamma (IFN-y),
interleukin-1 (IL-1), and interleukin-6 (IL-6) are related to the development of anemia [97]. Anemia in RA
occurs as a result of iron deficiency, associated with increased hepcidin production, which is a recognized key
factor of this disease. Hepcidin is a peptide hormone which is produced by the liver. It inhibits the absorption
of intestinal iron, iron release from macrophages and hepatocytes and transport of placental iron. These
mechanisms however decrease iron delivery. The main mediator of hepcidin increase in inflammation is IL-6
[10]. The IL-6—dependent STAT-8 pathway and the unfolded protein response—associated cyclic AMP
response element-binding protein-H (CREBH) pathway are responsible for the signal transduction pathways
that regulate hepcidin during inflammation and endoplastic reticulum stress [117]. Using disease modifying
anti rheumatic drugs (DEMARDS) like methotrexate, leflunomide, hydroxychloroquine and sulfasalazine are
known to have common side effects such as loss of appetite, a sore mouth, feeling of ill health, diarrhea,
headaches and hair loss [127], [187. In addition, the use of biologics such as etanercep, adalimumab,
certolizumab for biological treatments is a new form of treatments for rheumatoid arthritis [147]. They too
are not without side effects which include mild skin reactions at the site of injections, infections, feeling sick,
an increased body temperature and headaches [157]. The cost of these drugs are quite high, hence many
sufferers of arthritis resort to using locally available plant herbs to manage or treat their ailments. This
approach has produced many positive results which is the reason why it is becoming the general practice in
our society today. However, though the Olax subscoripoidea and Rauwolfia vomitoria plant extracts have been
successfully used for the treatment of arthritis, by the local people, to the best of our knowledge there is yet no
scientific reports on their toxicological properties and labouratory based evidence of their anti-arthritis
potentials.
Materials and Methods
Materials
Plant Materials

Rauwofia vomitoria and Olax Subscorpoidea roots were sourced from Ndi-Nwali Village in Izzi Local
Government Area of Ebonyi State in South-Eastern Nigeria. Professor Kate Nnamani, a botanist at Ebonyi
State University in Abakaliki's Department of Applied Biological Sciences, verified the authenticity of the
plant. A portion of the root samples were kept at the Department of Applied Biological Science's herbarium.

Animals
The total number of 225 female albino rats were used. These were bought from the department of Animal
Science, University of Nigeria Nsukka, Enugu State, Nigeria. The animals were acclimatized for a period of 14
days and were giving free access to food and water.

Methods

Preparation of the plant extracts
Contaminants in the plant samples were washed off under flowing tap and air dried under a shade. The
laboratory milling machine was used to grind the plant roots and were sifted using 0.25 mm sieve. Eight
hundred grams of Rauwolfia vomitoria and olax subscorpoidea dried powdered root samples were soaked in
2000 ml of ethanol and deionized water respectively for 48 hours respectively. They were subjected to
successive extraction by the use of a water bath at 50° C until the solvents were completely removed; the
percentage yield was obtained and extracts used for analysis.
Induction of arthritis in albino rats
The method described by [167, was adopted in the induction of arthritis in rats by injecting of 0.1 ml of
chicken type II collagen-complete Freund's adjuvant (CFA) into the left hind paw of the rats. The paw size of
the rat groups was measured twice weekly before and after adjuvant administration, and paw inflammation
severity was assessed using a qualitative scoring system. By day 10, arthritis had fully developed. Rats with no
visible swelling were scored 0, mild redness and individual digit inflammation was scored 1, moderate redness
and ankle swelling was scored 2, and severe redness and paw inflammation was scored 3. Rats with a score of 8
were considered to have arthritis and were used for subsequent experiments.
Treatment of Rheumatoid Arthritic rats with plant extracts

In all, 225 female rats weighing 150—210 g were used in this study. Exactly 15 groups of 15 female albino rats
each were formed from the distribution of the rats. The standard drug, indomethacin, was prepared as a
solution using normal saline (standard control). The standard drug Indomethacine was dissolved in normal
saline. Group I served as normal control (without induction of arthritis and treatment), Group 2 served as
arthritic control (negative control), Group 3 was treated with indomethacine (positive control) the standard
anti - arthritic drug, Groups 4 - 6 were induced with arthris and were treated with ethanolic extract of the
root of Olax subscoripoideaat 400, 600 and 800 mg/kg body weight for 82 days from the induction day, Groups
7 and 9 were induced with arthritis and received Olax subscoripoideaaqeous root extract at 400, 600, 800
mg/kg body weight treatment for 32 days from the induction day. Groups 10 — 12 were induced with arthritis
and received Rauwofia vomitoria ethanol root extract at 400, 600 and 800 mg/kg body weight for 32 days from
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the day of induction. Groups 13-15 were induced with arthritis and received Rauwolfia vomitoria ageous root
extract at 400, 600 and 800 mg/kg body weight for 82 days from the day of induction.The body weight
changes and inflammatory index were observed twice weekly. A qualitative scoring system was used to assess
the severity of paw inflammation. The absence of any visible swelling was given a score of 0, mild redness and
inflammation of individual digits, regardless of the number of affected digits was given a score of 1, moderate
redness and swelling of the ankle.
Samples preparation and Analysis
Three albino rats from each group (Group 1-15) were sacrificed on days 10, 18, 25 and 32 and blood samples
were collected in EDTA anticoagulant bottles. Estimation of haemoglobin (Hb) concentration
(haemiglobincyanide ICSH, 1996). Haematocrit or Packed Cell Volume (PCV) (ICSH 1980). Total erythrocyte
count (RBC count) [17]. Total leucocyte count [17],
Statistical Analysis
The Statistical Analysis System (SAS) windows version 9.0 was used to estimate the fundamental statistics,
means, standard deviation, and ranges of the observed values. Means = SD of 12 replicates were used to
express the data. When a value was p<0.05, it was deemed statistically significant.
RESULTS
Effect of of Rauwolfia vomitoria and Olax subscorpiodea ethanol and aqueous root extracts on white
blood cell (WBC) count of rats.
Effect of Rauwwolfia vomitoria and Olax subscorpiodea ethanol and aqueous root extracts on white blood cell
(WBC) count of rats is presented in Table 1 WBC count increased significantly (p<0.05) in the arthritic
groups when compared to the negative group (normal control group). However the WBC count reduced
progressively (P<0.05) in all the groups treated with the plants extracts towards the level found in the normal
control and the standard drug group when compared to the untreated arthritic group. The effect was both
time and dose dependent.
Table 1: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root extracts on
white blood cell count of adjuvant induced arthritic rats.

DAY 10 (x10°/L)

DAY 18 (x10°/L)

DAY 25 (x10%/L)

DAY 32 (x10°/L)

1 12500£0.008 12625+0.20°¢ 12550+0.01P 12400£0.02°
2 18500£0.10¢b 1525040.202 16500£0.06% 17500£0.06%
3 127001£0.20f 12400+0.42d¢ 12100%0.00°¢ 1200110.01¢
4 18796+1.102 18175+0.36° 12797.5+1.00P 11200£0.00%8
5 12852+0.00f 12800 $£0.21d¢e 12102+0.01¢4 110524+0.038
6 12776+1.00f 11558+0.42f 11800£0.058 10655+0.02h
7 18200£0.20¢4 12615+0.07°¢ 12480£0.00%4 12450£0.01°
8 18850£0.18¢d 12150+0.71d¢ 11925+0.07¢f 11705+0.024¢
9 12785+1.20f 12500£0.69%¢ 11600£0.068f 11380£0.03t¢
10 18600£0.00P 18050£0.18b 12700£0.02¢P 11100£0.02f8

11 12850+0.01F 12300£0.42dce 12100£0.00%4 1105010.018
12 1177510.01h 11575+0.07f 11300£0.028 10643+0.01h
18 13100£0.02¢ 1230010.009c¢ 12200£0.00¢4 12000£0.02¢
14 18300£0.024 12000£0.00¢ 11900£0.00%f 11650£0.08%¢
15 1180010.02h 1140010.01f 1145010.10¢ 10450£0.01h

White blood cell count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax
subscorpioidea ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV=Rauwolfia vomitoria. 1=
Negative control,2= positive control, 8= Standard control, 4= 400 mg/ kg RV aqueous extract, 5= 600
mg/kgRV aqueous extract, 6= 800 mg/kgRV aqueous extract, 7= 400 mg/kg OS aqueous extract,8= 600
mg/kg OS aqueous extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV ethanol extract,11= 600
mg/kg RV ethanol extract, 12= 800 mg/kg RV ethanol extract,13= 400 mg/kg OS ethanol extract,14= 600
mg/kg OS ethanol extract, 15= 800 mg/kg OS ethanol extract.* Means with the same letter are not
significantly different
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Effect of of Rauwolfia vomitoria and Olax subscorpiodea ethanol and aqueous root extracts on RBC
count of rats
The results are presented in Table 2. RBC levels in untreated arthritic rats were lower than the negative
control and treated groups. Treatment with the plant extracts normalized the RBC levels to the level found in
the control and standard drug treated groups.The effect of indomethacin, Olax subscorpioidea and Rauwolfia
vomitoria aqueous and ethanol root extracts in normalizing the RBC count was more pronounced on day 32;
800 mg/kg aqueous extract of Olax subscorpioidea and 800 mg Olax subscorpiotdea ethanol extracts were found
to be (p<0.05) more effective in normalizing the RBC count than the other treatments.
Table 2: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root extracts on
RBC count of adjuvant induced arthritic rats
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Treatments DAY 10 (x10'?/L) DAY 18 (x10'2/L) | DAY 25 (x10'?/L) DAY 32 (x10'%/L)
1 277.50£0.712 270.50£0.712 276.00£0.412 272.50£0.54bac
2 244.00%0.414 218.50+0.12f 205.00£0.24h 190.00£0.838

3 246.50£0.12¢ 262.00£0.41¢b 265.00£0.00P 268.00£0.49bdc
4 241.001£0.41f 251.00£0.244 254.50%0.36%¢ 257.50%0.71¢f
5 243.00%0.41¢d 245.5010.28¢ 261.00%0.41¢d 263.50%0.78¢d
6 242.50+0.71¢df 252.001+0.414 264.00£0.66%P 264.80£0.194

7 242.50+0.714f 261.50£0.95¢b 262.50£0.71¢bd 265.00£0.004

8 243.50%0.714 259.50£0.71¢b 263.00%0.41%P 267.50%0.714¢
9 248.50%0.714 261.00£0.00¢b 263.50%0.71¢b 274.00£0.90b=
10 241.50%0.71¢f 250.00£0.00¢4 257.50%0.12f¢ 258.50%0.12¢f
11 249.50%0.71P 257.50£0.78¢ 259.50%0.12¢d 256.50%0.19f
12 242.50+0.71¢df 248.0010.07¢d 252.50£0.718 263.50%0.36¢4
18 243.50%0.714 262.50£0.25> 263.00£0.00%P 266.00£0.004
14 244.00%£0.004 263.00+0.24> 268.50£0.71¢b 269.00£0.4:1bdc
15 243.50+0.714 261.50+0.71¢b 264.50£0.71° 275.50£0.952

Red blood cell count of adjuvant induced arthritic rats treated with Rauwolfia vomitoria and Olax subscorpioidea
ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria. 1= Negative control,
2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract, 5= 600 mg/kgRV aqueous
extract, 6= 800 mg/kgRV aqueous extract, 7= 400 mg/kg OS aqueous extract,8= 600 mg/kg OS aqueous
extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV ethanol extract,11= 600 mg/kg RV ethanol
extract, 12= 800 mg/kg RVethanol extract,13= 400 mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol
extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different
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Table 3: Effect of of Rauwolfia vomitoria and Olax subscorpiodea ethanol and aqueous root extracts
on hemaglobin count (Hb) of rats

DAY 10 (g/dl)

DAY 15(g/dl)

DAY 25(g/dl)

DAY 32(g/dl)

1 25.78+1.68%
2 15.93%0.10f
3 23.0410.87"
4 16.68+1.56f
5 19.9440.264
6 18.4010.13¢
7 20.9140.094¢
8 21.20£0.00¢
9 21.31£0.00¢
10 18.2810.49¢
11 19.9510.274
12 18.38+0.02¢
13 21.8140.25¢
14 21.80£0.00¢
15 21.82+0.00¢

26.59+0.322
14.88+0.008
24.2010.07"
22.7910.224
22.8810.034
23.6410.01¢
21.41%0.79¢
28.1210.014
238.65+0.08¢
22.8010.084
22.8410.064
28.6610.06°¢
21.8610.19¢
23.11£0.004
23.7140.01°¢

25.40%0.532
12.11£0.18"
24.541+0.40"
22.9710.678
23.58+0.28fed
28.85%0.52¢¢d
23.8510.00fe8
23.58+0.20ted
24.0510.08¢bd
23.19+1.12f8
23.57+0.27ted
28.20£0.18f8
28.34£0.00f8
28.59+0.20fd
24.11£0.01¢b

26.41+1.344
10.6610.01"
25.8310.28b2
25.1010.53¢%¢d
23.70£0.07¢
24.7710.46¢4
23.78+0.10¢
24.5610.065f
25.8410.17>d
25.1710.36%d
24.69+0.08¢
24.01£0.888f
28.85+0.168
24.5910.008f
25.5810.165¢

The results are presented in Table 3. Arthritis condition caused a time-dependent reduction of Hb
concentration that was significant (P<0.05) in arthritic rats. However, treatment with plant extracts caused
time dependent normalization of the Hb concentration to the value found in the normal control which is
comparable to the standard drug. The effects of treatment with 800 mg/kg Olax subscorpioidea ethanol extract
was more significantly (P<0.05) pronounced.
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Table 4: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root extracts on

PCYV level of adjuvant induced arthritic rats.

Treatments DAY 10 (%) DAY 18 (%) DAY 25 (%) DAY 32 (%)
1 42.50%0.712 42.51£0.712 42.4810.71b 42.5810.71%e
2 32.5010.71¢4 29.5010.71! 26.001+2.83f 22.50%0.718 Page | 62
3 35.5014.954 38.5010.71f¢ 46.0010.00? 48.0010.00?
4 36.0010.00Pd 37.00£0.008 39.5010.71¢4d 41.00+2.83f
5 87.00%1.41b¢ 89.00%1.41fed 42.00t+1.41¢b 47.0012.83ba
6 31.00%1.41¢ 89.5010.710¢d 45.50%0.712 46.5010.71ba
7 88.00%1.41be¢ 38.00%0.00%8 38.00f1.41¢ 43.5010.71d¢
8 38.0010.00b¢ 39.00%1.41fed 41.50%2.12¢b 45.50£0.71b¢
9 38.5010.71b¢ 40.5010.12¢b 42.50+2.12b 44.50%2.12d<
10 36.5010.71b¢ 38.5010.71h 40.50%2.12¢d 46.50%2.12ba
11 37.5016.36¢ 40.00£0.00¢b4 42.50£0.71b 47.00£10.4b2
12 38.5010.71b¢ 40.5010.71%b 45.00£0.002 47.00£0.00b2
13 37.5010.71b¢ 38.0010.008 38.5010.71¢ 44.50£0.719¢
14 38.0011.41b¢ 39.00%1.41fed 42.50+2.12b 46.00£0.00b¢
15 39.5010.71ba 41.00%1.41b 42.50+8.54P 48.00+0.002

Packed Cell Volume of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax subscorpioidea
ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria. 1= Negative control,
2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract, 5= 600 mg/kg RV aqueous
extract, 6= 800 mg/kg RV aqueous extract, 7= 400 mg/kg OS aqueous extract,8= 600 mg/kg OS aqueous
extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV ethanol extract,11= 600 mg/kg RV ethanol
extract, 12= 800 mg/kg RV ethanol extract,13= 400 mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol
extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different



OPEN ACCESS

ONIJRMS ONLINE ISSN: 2992-5460
Publications 2024 PRINT ISSN: 2992-6041
Table 5: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root extracts on
platelet count of adjuvant induced arthritic rats treated

Platelet count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax subscorpioidea
ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria. 1= Negative control,
2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract, 5= 600 mg/kg RV aqueous
extract, 6= 800 mg/kg RV aqueous extract, 7= 400 mg/kg OS aqueous extract,8= 600 mg/kg OS aqueous

Treatment DAY 10 (x10°/L) DAY 18 (x109/L) DAY 25 (x10°/L) DAY 32 (x109/L)

S

w o =

165.50+2.12h

177.5010.712
172.0010.00¢4

164.50%+0.71¢

180.50%3.544
167.00+1.414

165.23+2.83f

185.50+1.712
166.50+2.12f¢

165.00+1.41¢d

188.000.002
162.00+2.83f

4 174.0010.00%b 168.50+0.71¢b 168.5010.71¢b 167.00+1.41¢b
5 174.50%+0.71b 168.50%+0.71¢b 168.0010.00%b.d 167.50%£0.71b
6 171.50%0.71¢f 168.0010.00%bd 167.5010.71¢0¢d 166.501+0.71¢b
7 170.50%+0.71f 169.001+0.00° 169.0010.00P 166.50+2.12¢b
8 178.0010.00%d 168.00£0.00¢bd 168.00+0.00¢b.d 167.50£0.71"

9 168.50%+0.718 168.00£0.00¢bd 167.00+1.41¢d 166.00£0.00¢4
10 174.00%0.71¢%b 167.50+0.71¢d 167.5010.71¢ed 166.50+2.12¢b
11 174.50%£0.00> 167.50+0.71¢d 167.5010.71¢ed 166.00+1.41¢d
12 171.50%0.71¢ef 167.5010.71¢4d 167.00%+1.41¢ed 167.001+0.00¢P
13 170.50%0.00f 168.50+0.71¢b 168.5010.71¢b 167.00+1.41¢b
14 178.0010.71¢d 168.50+0.71¢b 168.0010.00¢b4d 167.50£0.71

15 168.50+0.718 168.00£0.00¢bd 167.5010.710¢d 164.00%0.00¢

extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV ethanol extract,11= 600 mg/kg RV ethanol
extract, 12= 800 mg/kg RV ethanol extract,13= 400 mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol
extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different
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Table 6: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root
extracts on lymphocyte count of adjuvant induced arthritic rats

Treatments DAY10 (%) DAY 18 (%) DAY 25 (%) DAY 32 (%)
1 38.50£0.71¢ 88.50%+2.12h 34.5010.71 86.5010.71d¢
2 46.50%2.12¢ 56.00£2.832 64.5010.712 79.00%1.412
3 42.50+2.124 38.0010.008<f 35.5012.12! $6.00%1.41%e
4 56.50£0.714 47.0010.00° 438.00+1.41b 29.00+1.418
5 54.0010.00b2 43.0012.83°¢ 42.0010.00° 32.5010.71F
6 52.50%3.54b 40.00£0.004¢ 38.00%1.41¢d 30.00£0.008
7 58.5010.71° 43.00%0.00°¢ 42.5010.71¢b 42.2010.71°
8 52.001+2.83b 40.00£0.004¢ 38.50+2.124 41.00£0.00P
9 52.001+2.83P 39.0010.009f 87.50%0.71¢f 37.50£0.71¢
10 45.00%1.41d¢ 41.00%1.41d¢ $6.5010.718h 35.00E1.41¢
11 44.50+0.71d¢ 38.0010.008<f 35.5010.711 85.5010.71%¢
12 438.00£1.414 36.0010.008 35.5010.711 86.0010.00%¢
18 45.00%1.41d¢ 46.00+2.83P 37.00+1.418f 36.0012.83de
14 44.00%1.414¢ 438.0014.24¢ $86.00%+1.41Lh 85.00%0.00¢
15 42.50+0.714 37.5010.718f 35.5010.711 85.0010.00¢

Page | 64

Lymphocyte count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax
subscorpioidea ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria.
1= Negative control, 2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract,
5= 600 mg/kg RV aqueous extract, 6= 800 mg/kgRV aqueous extract, 7= 400 mg/kg OS aqueous
extract,8= 600 mg/kg OS aqueous extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV
ethanol extract,11= 600 mg/kg RV ethanol extract, 12= 800 mg/kg RV ethanol extract,13= 400
mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different
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Table 7: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root
extracts on monocyte count of adjuvant induced arthritic rats.

Treatments DAY 10 (%) DAY 18 (%) DAY25 (%) DAY32 (%)
1 0.5010.01¢ 0.5010.01¢ 0.50%0.00¢ 0.50%0.00¢
2 2.00%0.00¢ 2.50%0.00% 6.0010.012 6.5010.002
3 2.00£0.00¢ 1.5020.00¢ 1.00£0.00¢ 1.00+0.00c Page | 65
4 2.5010.02b 2.00£0.02P 1.50£0.02¢ 1.00£0.02¢
5 2.5010.02b 2.00£0.01P 2.00£0.02b 1.00£0.00¢
6 1.50+0.014 1.00£0.014 1.00+0.014 0.50%0.024
7 2.0010.01¢ 2.0010.02P 1.0010.014 1.0010.02¢
3 2.00£0.00°¢ 1.50£0.00¢ 1.00+0.014 0.50%0.014
9 1.50£0.004 2.00£0.00P 2.00£0.00P 0.50%0.024
10 2.5010.02b 2.00£0.01¢ 2.00£0.02b 1.50£0.01P
11 3.0010.012 2.5010.02% 1.50%0.00¢ 1.00%0.02¢
12 2.5010.02P 2.0010.00P 1.50%0.02¢ 1.00%0.01¢
13 2.00£0.00°¢ 1.00£0.004 1.00+0.014 0.50%0.004
14 2.0010.01¢ 1.5010.01¢ 1.0010.014 1.00%0.01¢
15 2.5010.00P 1.50+0.01¢ 1.00+0.024 0.50%0.004

Monocyte count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax
subscorpioidea ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria.
1= Negative control, 2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract,
5= 600 mg/kgRV aqueous extract, 6= 800 mg/kgRV aqueous extract, 7= 400 mg/kg OS aqueous
extract,8= 600 mg/kg OS aqueous extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV
ethanol extract,11= 600 mg/kg RV ethanol extract, 12= 800 mg/kg RVethanol extract,13= 400
mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different
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Table 8: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root
extracts on neutrophil count of adjuvant induced arthritic rats.

Treatments DAY10 (%) DAY 18 (%) DAY 25 (%) DAY 32 (%)
1 44.50%0.71F 43.50%+0.711 44.50%0.71g 40.50%0.71%
2 65.00£0.00b2 72.50£0.542 82.5010.544 87.5010.544
3 55.0012.83¢ 58.0010.008h 45.0010.008 41.50£0.717k
4 64.001 1.4 1bac 61.50%2.12¢ 57.50%0.71b 50.00£0.00¢
5 64.00£1.41bac 58.5010.71¢ 50.5010.71¢d 45.0020.0008
6 62.5010.71d¢ 54.00%1.418th 47.50+0.71f 46.00£0.00%8
7 62.5010.714¢ 56.00%1.41f 54.50£0.71¢ 54.00%0.00P
8 61.50+2.124 55.00%1.418f 48.50+0.71f 47.00£0.00%¢
9 61.0010.004 52.00%+2.83h 44.0014.248 438.5010.71hi
10 65.5010.712 64.5010.71P 55.501£0.71°¢ 49.00%1.414¢
11 63.0011.41bde 58.50%4.95¢ 54.00£1.41°¢ 46.0010.00%8
12 62.00%1.414¢ 538.50%0.718h 48.5012.12f 42.50£0.7 15
18 64.001 1.4/ 1 bac 65.5010.71P 52.00%1.414 48.001+2.83de
14 64.00%1.41bac 61.00%1.414¢ 49.00+1.41¢f 438.5010.71hi
15 62.5010.714¢ 59.0010.004¢ 45.50%0.718 42.50+0.7 1)

Neutrophil count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax
subscorpioidea ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria.
1= Negative control, 2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract,
5= 600 mg/kg RV aqueous extract, 6= 800 mg/kg RV aqueous extract, 7= 400 mg/kg OS aqueous
extract,8= 600 mg/kg OS aqueous extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV
ethanol extract,11= 600 mg/kg RV ethanol extract, 12= 800 mg/kg RV ethanol extract,13= 400
mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol extract, 15= 800 mg/kg OS ethanol extract.

* Means with the same letter are not significantly different
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Table 9: Effect of Rauwolfia vomitoria and Olax subscorpioidea aqueous and ethanol root
extracts on basophil count of adjuvant induced arthritic rats

Treatments  DAY10 (%) DAY 18 (%) DAY25 (%) DAY32 (%)
) 0.50+0.07f 0.5010.004 0.50%0.07¢ 0.50+0.07b
9 2.10%0.07¢ 2.0010.00% 2.0010.07% 2.0£0.00?
3 1.00£0.00¢ 2.0010.00% 0.50£0.07¢ 0.5010.00°
4 1.00£0.04¢ 1.0010.00¢ 0.50%0.07¢ 0.5010.07"
5 2.0010.00¢ 2.00£0.002 1.00£0.00P 0.50+0.07b
6 1.0010.04¢ 2.0010.00% 0.50£0.07¢ 0.5010.07"
- 2.00£0.00¢ 1.00£0.00¢ 0.50£0.07¢ 0.5010.00P
5 2.00%0.00¢ 1.0010.00¢ 1.0010.00¢ 0.5010.07"
9 2.0010.00¢ 1.00£0.00¢ 1.00£0.00P 0.50+0.07b
10 1.50+0.074 1.0010.14¢ 0.50£0.07¢ 0.20%0.004
11 1.50£0.074 1.00£0.00° 1.00£0.00P 0.20£0.00¢
12 1.50+0.074 0.5010.074 0.50£0.07¢ 0.30£0.00°
13 2.00£0.00° 1.50£0.07° 0.50£0.07¢ 0.50£0.07>
14 3.00£0.002 1.0010.00° 1.00£0.00P 0.50%0.07>
15 2.50£0.07P 0.50£0.074 1.00£0.00" 0.20£0.074
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Basophil count of adjuvant induced arthritic rats treated with Rawwolfia vomitoria and Olax
subscorpioidea ethanol and aqueous root extracts. OS= Olax subscorpioidea, RV= Rauwolfia vomitoria.
1= Negative control, 2= positive control, 3= Standard control, 4= 400 mg/ kg RV aqueous extract,
5= 600 mg/kg RV aqueous extract, 6= 800 mg/kg RV aqueous extract, 7= 400 mg/kg OS aqueous
extract,8= 600 mg/kg OS aqueous extract, 9= 800 mg/kg OS extract aqueous,10= 400 mg/kg RV
ethanol extract,11= 600 mg/kg RV ethanol extract, 12= 800 mg/kg RV ethanol extract,13= 400
mg/kg OS ethanol extract,14= 600 mg/kg OS ethanol extract, 15= 800 mg/kg OS ethanol extract.
* Means with the same letter are not significantly different.
DISCUSSION

Effect of adjuvant induced arthritis on Hematological parameters
The effect induction of arthritis using adjuvant on hematological parameters in rats was also carried
out. The results revealed an increase (P<0.05) in total white blood cell count (Table 1) in the rats that
were induced with arthritic condition through injection of type II chicken collagen adjuvant. The
level of WBC count increased progressively with the length of time of the study culminating on day
32. Our observation on the increase in white blood cell count on induction of arthritis using complete
Freunds adjuvant is similar to the report of [187]. Rheumatoid arthritis is often associated with an
increase in the WBC and this is due to the upsurge of IL.-1 beta which increases the synthesis of both
granulocytes colony stimulatory factor and macrophage colony stimulating factor and the release of
IL-1 inflammation by the immune cells against invading microorganisms [197]. The increase in WBC
counts can be attributed to the activation of the immune system against the invading microorganism.
In this study, the adjuvant which comprises of M. fuberculosis and type II chicken collagen are
responsible for the inflammation as evidenced by the influx of mononuclear cells into the joints of
adjuvant-induced arthritic rats [207]. Olax subscorpoidea and Rauwolfia vomitoria may have suppressed
the influx of leucocytes into the joints of the extract treated rats and this is marked by a reduction in
total WBCs count. This showed the immune modulatory effect of Olax subscorpoidea, Rawwolfia
vomitoria and the standard drug, indomethacin. [217, reported a decrease in WBC count on
administration of Olax subscorpoidea ethanol extract on albino rat and that the effect of the extract did
not have any adverse effect on platelet count and mean corpuscular haemoglobin on the rats. This
report supports our result which showed a decrease in WBC count on administration Rauwolfia
vomitoria and Olax subscorpioidea aqueous and ethanol extracts at 400, 600 and 800mg/kg bd wt.
The red blood cell count result presented in Table 2 revealed that its levels in untreated arthritic rats
were lower than the negative control and treated groups. Anemic condition that results from iron
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deficiency or low serum iron store in arthritic rats could also be as a result of the abnormal storage of
iron in the reticulo-endothelial system and the inability of bone marrow to respond to anemia [22]
and [237]. Susceptibility of erythrocytes to peroxide stress is heightened in various disease conditions
like arthritis [247. Hepcidin induction during inflammation requires IL-6 and rapidly induces
hypoferraemia rapidly in man [107]. Hepcidin which is an acute phase reactant produced by the liver,
is believed to play an important role in anemia mediated by cytokine. It is a peptide synthesized by
hepatocytes and is thought to be the main iron-regulatory hormone as well as the key cause of
anaemia in people with chronic disease. It inhibits the release of iron from macrophages in the spleen
and the uptake of iron in the duodenum [257. However, treatment with the plant extracts normalized
the RBC levels to the level found in the control and standard drug treated groups. The effect of
indomethacin, Olax subscorpioidea and Rauwolfia vomitoria aqueous and ethanol root extracts in
normalizing the RBC count was more pronounced on day 32; 800 mg/kg aqueous extract of Olax
subscorpioidea and 800 mg Olax subscorpioidea ethanol extracts were found to be significantly (P<0.05)
more effective in normalizing the RBC count than the other treatments. As in the other
haematological parameters, the effect increased as the time of exposure increased. The results of Hb
level are presented in Table 3. Arthritis condition caused a time-dependent reduction of Hb
concentration that was significant (P<0.05) in arthritic rats. Decrease in plasma iron was induced by
IL-1 in association with the acute phase response [267]. In addition, there is a proposal that reduction
in Hb concentration during arthritis results from reduced erythropoietin levels; a decreased response
of the bone marrow erythropoietin and pre-matured destruction of RBCs [277]. However, treatment
with plant extracts caused time dependent normalization of the Hb concentration to the value found
in the normal control which is comparable to the standard drug. The effects of treatment with 800
mg/kg Olax subscorpioidea ethanol extract was more significantly (P<0.05) pronounced. This increase
in Hb concentration due to Olax subscoripoidea and Rauwolfia vomitoria treatment further supports
their anti—arthritic potentials [287]. Our result is in tandem with the result of the work carried out by
[187]. They observed a reduction on RBC and Hb level on induction of arthritis on rats using
complete Freund's adjuvant. However there was a reversal in this trend with treatment using their
herbs. They linked the ameliorative effect of their plants to the presence of Phytoconstituents such as
flavonoids, tannins, saponins which are effective reactive oxygen species (ROS) scavenges that may
have arrested the disastrous effect of these ROS, hence annulling the pathogenic pathway of arthritis.
Since our plants are also rich in these phytochemical constituents, it could then be said that the
phytochemical components also exerted the same ameliorative effect thereby reversing the RBC level
back to normal on administration. PCV level decreased (Table 4) in the arthritic rat groups. A low
hematocrit level is a sign of a low red blood cell count. Our result is in agreement with the work of
[297, who observed a decrease in PCV level on induction of arthritis using adjuvant. However,
treatment of arthritic rats with indomethacin, Olax Subscorpiodea and Rawwolfia vomitoria aqueous and
ethanol root extracts at various doses were able to normalize the PCV level with 800 miligram per
kilogram body weight Olax subscorpoidea ethanol root extract being significantly (P<0.05) more
effective than the other treatment groups; its effect was commensurable with indomethacin standard
drug treatment as the effect was time and dose dependent. [297, reported an improved PCV level on
treatment of arthritic rats owing to the phytochemical and antioxidants present in their plant extract.
The result of their investigation supports our observation that a Rawwolfia vomitoria and Olax
subscorpioidea aqueous and ethanol extracts also contain these phytochemical components in various
amounts that worked to reverse the PCV level in the arthritic treated rats close to normal. Platelet
count was high (P<0.05) in the arthritic groups (Table 5). A rise in platelet count may be caused by
the activation of immune system against disease causing microorganism that has invaded it evidenced
by the incursion of inflammatory mononuclear cells into the joints of arthritic rats [307]. However on
treatment with plant extracts and indomethacin standard drug, the platelet count in all the treated
groups decreased significantly (P<0.05) close to that of the negative control group. The results of the
total and differential leukocyte count in the arthritic rats presented in Tables 6-9 revealed that the
increase was significant (P<0.05). Treatment of arthritic induced rats with Rawwolfia vomitoria and
Olax subscoroidea aqueous and ethanol extracts at the doses administered in this study was able to
return the monocyte counts close that of the negative control group and is comparable to the
standard drug. Treatment with 400 mg/kg bd wt Olax subscorpoidea aqueous extract was least in
normalising Neutrophil count on day 32 while 800 mg/kg bd wt of Rawwolfia vomitoria ethanol
extract and 800 mg/kg bd wt of Olax subscopioidea ethanol treatments were most effective. For the
Lymphocyte count, treatment with 400 and 600mg/kg body weight Rauwolfia vomitoria aqueous were
most effective while 400 and 600mg/kg body weight Olax subscorpioidea aqueous extract were least in
their effect in normalising lymphocyte count. For Basophile count, the effect of treatment was most
significantly (P<0.05) more effective on day 32 of the treatment period. Basophile count showed that
400 and 600 mg/kg bd wt Rauwolfia vomitoria ethanol extract and 800mg/kg Olax subscorpioidea
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ethanol treatment were the most effective in bringing to normal the basophil count on day 32. T-
lymphocytes have been known to play a central function in the disease onset and progression of
rheumatoid arthritis. The lymphoid cells are the major cells found in the rheumatoid synovium.
There is a moderate increase in lymphocyte count in arthritic condition [817]. Hematological results
in this study showed that induction of rheumatoid arthritis resulted in significant leukocytosis and
neutrophilia due to activation of the immune response to produce antibodies. These antibodies spread
in the blood stream, identifies foreign particles and triggers inflammation. Administration of
Rauwolfia vomitoria and Olax subscorpoidea extracts resulted in decreased hemoglobin level, leucopenia
with neutrophilia, lymphopenia and eosinopenia [(327]. Mycobacterium tuberculosis and chicken type II
collagen present in the adjuvant are responsible for lymphocyte response and severe disturbance of
the immune system which gives rise to increased generation of leukocytes. The decrease in leucocyte
count in Rawuwolfia vomitoria and Olax subscorpoidea treated groups showed its immunomodulation
activities [337]. It is proposed that Olax subsorpoidea and Rauwolfia vomitoria phytochemical
constituents like the flavonoids, saponins, vitamins and minerals in the course of treatment were able
to successfully balance the Hb levels, WBC, RBC, PCV, ESR, CRP and platelet count resulting from
severe stress on blood components caused by continuous secretion of reactive oxygen species and
oxidation of circulatory proteins also. Our work is supported by the report of [847] that
phytoconstituents play an important role in the enhancement of antioxidant capacity of the blood
plasma thereby reversing abnormalities associated with hematological parameters on induction of
arthritis and treatment with their plant extracts. This effect was also observed on treatment of
adjuvant induced arthritis with Olax subsorpoidea and Rawwolfia vomitoria aqueous and ethanol root
extracts.
CONCLUSION
In conclusion, the phytochemicals, vitamins, minerals and other principles that possess therapeutic
potentials in Rauwofia vomitoria and Olax subscorpoidea (ethanol and aqueous) root extracts as was
earlier reported may be responsible for the reverse in the adverse hematology results as seen in this
study due to induction of arthritis in rats; it is possible that this may apply to man as it is currently
being used by local health practitioners in the treatment of arthritis. The extracts from the two plants
are relatively safe as up to 5000 mg/kg dose did not cause any death in the plants.
REFERENCES

1.  Matsuada, H., Tomolino, N. M., Yasuko, G. and Kubo, M. (2011). Anti-allergic effects of

Crudii monniert fructus (Oried fruits of Cnidium monnier). Osthology of Biological phytochemistry,
25(6):809-812

2. Iwu L. C,Chinonye C., C,. Samuel 1., Obiagwu I., Uchenna O. L., Ukaoma A. A., , Chijioke-
Okere M. and Ezekoye M. O. (2022). Chemical and Medicinal Properties of Rauwolfia
vomitoria (AFZEL) Harvested from the South Eastern Nigeria. Asian Journal of Chemical
Sciences 10(4): 56-71, 2021; AJOCS.78051 ISSN: 2456-7795

8. Neffati, Mohamed; Najjaa, Hanen; Mathé, Akos (2017). Medicinal and Aromatic Plants of the
World - Africa. Springer. pp. 253—256. ISBN 978-94-024-1120-1.

4. Amole, M. M,, and Onabanjo, Y. T. (1999). Pannus invasion and cartilage degradation in
rheumatoid arthritis: involvement of MMP-3 and interleukin-10. Journal of Clinical and
Ezxperimental Rheumatology, 23: 644—650.

5. Bemis, D. L., Capodice, J. L., Gorroocurn, P, Katz, A. E. and Buttyan, R. (2006).
Antiprostate cancer activity of [B-carboline alkaloid enriched extract from Rawuwolfia
vomitoria. International Journal of Oncology, 29:1065—1073.

6. Aja, P. M., Okaka, A. N. C,, Onu, P. N, Ibiam, U. A. and Uraku, A. J. (2010). Phytochemical
composition of Talinum triangulare (water leaf) leaves. Pakistan Journal of Nutrition, 9(6):
527-530.

7. Scott, D. L., Wolfe, F. and Huizinga, T. W. (2010). Rheumatoid arthritis. Lancet, 376:1094—
1108.

8. Firestein, G. S. (2008). Evolving concepts of Rheumatoid Arthritis. Nature, 423.

9. Masson-B, C., Sebbag, M., Girbal-Neuhauser, E., Nogueira, L., Vincent, C., Senshu, T. and
Serre, G. (2001). The major synovial targets of the rheumatoid arthritis-specific
antifilaggrin autoantibodies are deiminated forms of the alpha- and beta-chains of fibrin.
Journal of Immunology, 166: 4177-4184.

10. Nemeth, E., Rivera, S., Gabayan, V., Reller, C.,, Taudorf, S., Pedersen, B. K. and Ganz, T.
(2004). 1L-6 mediates hypoferremia of inflammation by inducing the synthesis of the iron
regulatory hormone hepcidin. Journal of Clinical Investigation, 113(9): 1271-1276.

11. Shin, D. Y., Chung, J,, Joe, Y., Pae, H. O, Chang, K. C, Cho, G. J,, Ryter, S. W. and Chung,
H. T. (2012). Pretreatment with CO-releasing molecules suppresses hepcidin expression

Page | 69


https://books.google.com/books?id=fK80DwAAQBAJ&pg=PA253
https://books.google.com/books?id=fK80DwAAQBAJ&pg=PA253
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-94-024-1120-1

OPEN ACCESS

ONIJRMS ONLINE ISSN: 2992-5460
Publications 2024 PRINT ISSN:
2992-6041

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

during inflammation and endoplasmic reticulum stress through inhibition of the STATS and
CREBH pathways. Blood Journal, 119(11): 2523-2532.

Jain, R. and Lipsky, P. E. (1997). Treatment of Rheumatoid Arthritis. Journal of Medical
Clinic of North America. 81 (1):57

Dendooven, A., De Rycke, L., Verhelst, X., Mielants, H., Veys, E. M., and De Keyser, F.
(2006). Leflunomide and methotrexate combination therapy in daily clinical practice. Annals
of the Rheumatic Diseases, 65(6), 833—834.

Curtis, J. R. and Singh, J. A. (2011). The use of Biologics in Rheumatoid Arthritis: Current
and Emerging Paradigms of care. Journal of Clinical Therapeutics, 33(6): 679-707.

Okpako, D. T. (1991). Principles of pharmacology: A tropical approach: New York,
Cambridge University Press. 130

Aloke C, Achilonu I. Coping with the ESKAPE pathogens: Evolving strategies, challenges
and future prospects. Microbial Pathogenesis. 2023 Feb 1;175:105963.

F.J Baker (Francis Joseph) ; R. E Silverton; Chris Pallister; F. J Baker (Francis
Joseph).Oxford ; Woburn, MA : Butterworth-Heinemann, 1998

Senthamil, S. S. and Viji, G. S. (2014). A comparative study of anti-arthritic efficacy of
Cardiosperm halicacabum (L) and Cissus vitiginia (L) on Freund’s complete Aduvant induced
arthritis. International Journal of Research in Biological Sciences, 4(4): 94-100

Rumar, D., Pankaj, P. and Sandeep, C. (2012). Anti-arthritic activity of leaves of Gymnema
sylvestre. Leaves in rats. Der pharmacia lettre Journal.

Lisette, B., Margriet, J. and Paul, P. T. I. (2010). Evaluation of therapeutic targets in animal
models of arthritis: How does it relate to rheumatoid arthritis, Journal of arthritis and
rheumatology 8(62): 2192—2205

Adebayo, M., Ibrahim, A.B., Yusuf, B. and Omah, I., 2014. Good corporate governance and
organisational performance: An empirical analysis. International Journal of Humanaities and
Soctal Science, 4(7), p.1.

Jitender S, Mahajan R, Rathore V, Choudhary R. Quality of life of cancer patients. Journal of
experimental therapeutics & oncology. 2017 Jul 1;12(3).

Swapnil P, Singh M, Singh S, Sharma NK, Rai AK. Recombinant glycinebetaine improves
metabolic activities, ionic balance and salt tolerance in diazotrophic freshwater

cyanobacteria. Algal research. 2015 Sep 1;11:194-203.

Senthamil S, Saravanakumar P. Reducing energy consumption using data encoding
techniques in network on chip. InInternational Conference on Information Communication
and Embedded Systems (ICICES2014) 2014 Feb 27 (pp. 1-6). IEEE.

Atkinson, S. H., Rockett, K. A., Morgan, G., Bejon, P. A, Sirugo, G., O'Connell, M. A,
Rwiatkowski, D. P. and Prentice, A. M. (2008). Tumor necrosis factor SNP haplotypes are
associated with iron deficiency anemia in West African children. Blood Journal, 112(10):
4276-4283.

Connolly, K. M., Stecher, V. J,, Danis, E., Pruden, D. J. and LaBrie, T. (2008). Alteration of
interleukin activity and the acute phase response in adjuvant arthritic rats treated with
disease modifying anti rheumatoid drugs. Journal of inflammation research, 25: 94-105.
Lakshmi, P. K. and Elango, V. (2015). Impact of Phonophoresis Therapy in Hematological
Changes on Freund’s Adjuvant Induced Arthritic Rats. International Journal of
Multidisciplinary Research and Development, 2(10): 155-158.

Pashikaiti, G., Kulundaivelu, U., Jupalli, V. R., SheShagiri, S. B. and Eggadi, V. (2014). Anti-
arthritic activity of ethanolic extract from the leaves of commiphora caudate (Linn) in
complete Freund’s adjuvant-induced arthritic rats. Niger Journal Experimental clinical
Bioscience, 2: 42-48.

Inemesit, O. B, Eric, W., George, A. K. Eric, B. and Enoluomen, E. (2016). Eftect of T'richilia
monadelpha (Thonn.) J. J. De Wilde (Meliaceae) Extract on Hematology, Cytokines and
Oxidative Stress Biomarkers in Rats Adjuvant-Induced Arthritis. Pharmacologia, 7: 32-4:3.
Alamgee, U., Umme, H., HaVan, A., Malik, U. and Shahid, R. (2015). Evaluation of in vitro
and in vivo anti-arthritic potential of Berberis calliobotrys. Bangladesh Journal of Pharmacology,
10: 4.

Agarwal, R. B. and Rangari, V. D. (2003). Phytochemical investigation and evaluation of
anti-inflammatory and anti-arthritic activities of essential oil of Strobilanthus ixiocephala
Benth. Indian Journal of Experimental Biology, 41: 890-894.

Hendawy, O. M., Ahmed, W. M. S,, Abosaif, A. A. and Mahmoud, F. A. (2015). Effect of
Atorvastatin and Vitamin D on Freund’s Adjuvant-Induced Rheumatoid Arthritis in Rat.
Journal of Bioequivalence and Bioavailability, 7(2): 090-094.

Page | 70



OPEN ACCESS

ONIJRMS ONLINE ISSN: 2992-5460
Publications 2024 PRINT ISSN:
2992-6041
33. Elbein, A. D. and Molyneux, R. J. (1999). Comprehensive Natural Products Chemistry
3:129.

34. Arun, K.B, et al. (2015) Plantain Peel-A Potential Source of Antioxidant Dietary Fibre for
Developing Functional Cookies. Journal of Food Science and Technology, 52, 6355-6364.
https://doi.org/10.1007/818197-015-1727-1

Page | 71



https://doi.org/10.59298/NIJRMS/2024/5.2.05771

