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A formulation of Clausena anisata (Willd.)
Hook. f. Ex Benth and Cassia sieberiana DC.
alleviates the symptoms associated with
osteoarthritis: a single-blind, randomised
controlled trial of a traditional Ghanaian
remedy
Kwesi Prah Thomford1,2* , Joseph Yorke3 , Ama Kyeraa Thomford4 and Isaac Kingsley Amponsah5

Abstract

Background: Clinical validation of herbal medicinal products is important for their widespread acceptance and
application. In this single-blind, randomised controlled trial, a traditional Ghanaian herbal medicine formulation with
Clausena anisata (Willd.) Hook. f. ex Benth and Cassia sieberiana DC. as ingredients was evaluated for its safety and
effectiveness in the management of patients with osteoarthritis. The formulation for the purposes of this study was
labelled with the code GC-500.

Methods: A total of 57 participants were randomly assigned to receive either this herbal remedy, GC-500, or the
control treatment of diclofenac. Subjects were then followed up for a period of 8 weeks using a modified Graded
Chronic Pain Scale (GCPS) for their efficacy assessments. The control treatment comprised 13 subjects and the GC-
500 group 44 subjects.

Results: Upon completion of the study, 28 (63.63%) subjects in the GC-500 group attained the primary outcome,
(GCPS of Grade 0) compared to 5 (38.46%) subjects in the control group. Improvement in disease indicators such as
characteristic pain intensity, disability score and disability days was comparable between the GC-500 and diclofenac.
Intensity of pain reduced after 8 weeks of treatment; disability score and disability days also declined indicating an
improvement in the quality of life of subjects. GC-500 was also shown to be safe for human use.

Conclusion: The herbal medicine formulation GC-500, provides a credible treatment option for managing the pain
associated with osteoarthritis.
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Introduction
Osteoarthritis involves damage to articular cartilage and
other structures in and around joints, with a variable de-
gree of inflammation and repair [1, 2]. The prevalence of
the condition is predicted to rise as the life expectancy
of the general population in many countries also in-
creases [3]. The disease should be of public health inter-
est because of its burden on patients with regards to
disability, economic hours lost and the overall impact on
society.
Non-steroidal anti-inflammatory drugs (NSAIDs) are

extensively used for the treatment of pain and inflamma-
tion in patients with osteoarthritis [4–6]. However, their
use is associated numerous side effects. One of the most
common side effects is the damage caused to the gastro-
intestinal mucosae partly because of a block in the pro-
duction of protective prostaglandins synthesised via
cyclo-oxygenase (COX) pathway [7, 8]. When other
treatment options are available to patients, factors such
as cost of treatment, risk of addiction and long-term
damage to organs like the kidneys are hurdles physicians
need to handle and overcome.
This challenge with conventional treatments for osteo-

arthritis is responsible for the renewed interest in com-
plementary and alternative medicines. In Ghana and
other African countries, such remedies are a key compo-
nent in the management of pain and its related disorders
[9]. The advantage here is their relatively low toxicity
and high tolerance. Despite these positives, the integra-
tion of alternative anti-arthritic medicines, and herbal
remedies in general, into the conventional system of
health care has remained limited due to the lack of sci-
entific evidence to support their safety and effectiveness.
We report on the clinical evaluation of a traditional

Ghanaian herbal formulation coded GC-500. The prod-
uct is indicated for the management of pain, dysmenor-
rhoea and abdominal upsets. Its ingredients comprise
the roots of Clausena anisata (Willd.) Hook. f. ex Benth
and Cassia sieberiana DC. prepared according to a trad-
itional formula.
Clausena anisata (Willd.) Hook. f. ex Benth (syn.

Clausena abyssinica (Engl.) Engl., Clausena inequalis
(DC.) Benth.) is an evergreen shrub in the Rutaceae fam-
ily that grows abundantly throughout Africa. In the
Akan language of Ghana, it is known as samandua.
Traditionally, various parts of this plant are reported to
be effective for the treatment of rheumatism, malaria,

heart disorders, hypertension and other inflammatory
conditions [10, 11]. Cassia sieberiana DC. (syn. Cassia
kotschyana Oliv.; Senna sieberiana DC.), the other plant
in the product, also belongs to the family Leguminosae-
Caesalpinioideae. It is found in the savannah forests,
thickets and costal shrubs of Ghana. Traditional practi-
tioners have employed various parts of the plant for the
treatment of abdominal pains, malaria, feverishness and
toothache [12, 13]. The indications listed for the 2 plants
have not been clinically verified hence its use is still
based on folkloric knowledge. The primary objective of
this trial was thus to establish the clinical efficacy of GC-
500. The clinical safety of the product and its effect on
the quality of life (QOL) indicators of users were also
considered as secondary objectives.

Materials and methods
Chemicals and reagents
Solvents used: methanol (MEOH), acetonitrile (ACN),
acetic acid (CH3COOH) and tetrahydrofuran (THF)
were of HPLC grade (Sigma Aldrich, St. Louis, USA).
Deionised water was prepared by a Milli-Q Water purifi-
cation system (Millipore, MA, USA). The standard com-
pound, quercetin, were also purchased from Sigma-
Aldrich, USA. Polytetrafluoroethylene (PTFE) syringe
membrane filters employed during the HPLC were also
purchased from Thermo Fischer Scientific, Massachu-
setts, USA. All other reagents used in testing were of la-
boratory grade.

Methods
Plant material extraction, product formulation and quality
assessment
Plant materials and extraction
The classical manufacturing method was refined by a
process that involved the collection of the plant mate-
rials, verification by Dr. George Henry Sam, a Botanist
with the Department of Herbal Medicine, preparation of
an herbarium sample and assignment of the specimen
numbers KNUST/HM1/09/L 027 and KNUST/HM1/12/
L031 for C. sieberiana and C. anisata respectively. Plant
materials were then washed, dried under shade for 7
days and milled using a hammer mill. The powdered
plant materials were extracted with industrial grade
ethanol (98.0% v/v) for 72 h. The resultant extract is then
dried into a thin layer of concentrate in a hot oven at
temperatures between 50 and 60 °C for 48 h. Materials
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were stored in a desiccator prior to formulation. Yields
obtained were C. anisata: 5.33% (w/w) and C. sieberiana:
7.04% (w/w).

Formulation of GC-500
Granules for encapsulation were formulated by uni-
formly mixing 20 (w/w %) of C. sieberiana and C. anisata
together with 20 (w/w %) of locally sourced maize starch,
drying in a hot oven, sieving through an 850 μm mesh
and then packing into 500mg hard gelatin shells using a
manual encapsulating machine. The manufacturing
process was performed according to a standard protocol
developed by the Department of Herbal Medicine and
met current Good Manufacturing Practices (cGMP).

Standardisation of the formulation GC-500
GC-500 was standardised using a High-Performance Li-
quid Chromatography (HPLC) and a basic phytochem-
ical screening. The HPLC involved the development and
validation of a suitable method for the assay quercetin
(Sigma-Aldrich, St. Louis, USA). The quercetin content
in the product was assayed as an analytical marker for
the product. This marker was selected based on avail-
ability and its diverse bioactivity that includes its antioxi-
dant, anti-inflammatory and significance in the
prevention and management of chronic painful arthritic
conditions. Validation was conducted per the guidelines
of the International Conference for Harmonisation
(ICH) [14].
Chromatographic conditions for the analysis com-

prised a Dionex Ultimate 3000 RS Pump HPLC, degas-
ser, autosampler Dionex Ultimate XRS and a Dionex
Ultimate RS diode array multiple wavelength detector.
The column used was a BDS Hypersil C18 reverse phase
column (120A pore size, Ø 4.6 mm × 150mm). The mo-
bile phase employed was Acetonitrile (ACN), methanol
(MeOH) and 1% acetic acid (CH3COOH) (15: 40: 45)
with a flow rate of 1.0 ml/min and injection volume of
20 μl. Column temperature was also kept at an ambient
temperature of 26 °C. The wavelength for detection was
set at 365 nm. Standard stock solution (1 mg/ml) of the
reference compound, quercetin, was prepared in metha-
nol. Calibration and validation of the method was
achieved by triplicate injection of ten (10) different con-
centrations of the reference in the range of 1 mg/ml –
3.9 × 10–5 mg/ml post a twofold serial dilution of the
stock solution. In preparing the samples for HPLC ana-
lysis, the plant extracts and herbal product GC-500 ob-
tained as reported in section 2.2.1 were reconstituted in
methanol, in triplicate, to attain a concentration of 1
mg/ml. Samples were then filtered through a through a
0.45 μm PTFE membrane syringe filter (Thermo Fischer,
Massachusetts, USA) prior to injection. Basic

phytochemical evaluation was undertaken according to
the methods described by Gul and his colleagues [15].

Clinical study
Ethical considerations
The protocol used for the study, consent form and the
patient information sheet were reviewed and approved
by the human experimentation committee of the Legacy
Specialist Hospital, Kumasi - Ghana (LSH/ME/002/01)
prior to the initiation of the study. The study was con-
ducted in accordance with the Declaration of Helsinki
and Good Clinical Practice [16]. Written informed con-
sent from every study subject was obtained prior to the
trial-related activities; the consent forms were retained
by the investigators. The general guidance provided for
human studies were also given to participants. These in-
cluded, but was not limited to, the freedom to withdraw
at any stage of the study, protection of their private data
and their right to standard care if they opt out of the
study.

Study site
The study was conducted at the out-patient unit of the
Legacy Specialist Hospital, Kumasi, Ghana. This hospital
comprises an out and in-patient unit manned by two (2)
specialists and two (2) general practitioners. The hospital
through the facilitation of the Department of Herbal
Medicine, KNUST has been partnering with some trad-
itional medicine practitioners in Ghana to improve their
practice. This partnership is part of the wider framework
of integrating herbal medicines into mainstream medical
practices in the country.

Study design
The study was designed as a prospective, single blind,
randomised controlled trial comparing the formulation
GC-500 to the standard analgesic diclofenac sodium
(control). Protocol and sequence of the trial is illustrated
as Fig. 1.

Randomisation, blinding and subject allocation
A blocked randomisation was used in assigning subjects
to the treatment and the control groups. Assignment
was done in a ratio of 2:1 i.e. GC-500 and the control re-
spectively. To achieve randomisation, participants were
asked to pick, without replacing, from a box that con-
tained 15 folded papers with 10 labelled for the herbal
treatment and 5 for the control. Thus, at the end of each
round of recruitment and randomisation, the herbal
treatment would have 10 participants for the herbal me-
dicinal product and 5 participants for the control group
(Fig. 1). This allocation ratio was chosen because of the
need to gather evidence on the safety and risk of adverse
events for GC-500.
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Clinicians responsible for subject evaluations were
blind to the treatment received by the participants in the
trial. This single-blind method was used because of the
organoleptic nature of the herbal formulation, GC-500.
The characteristic colour, taste and odour of the ingredi-
ents made it difficult to design a comparable placebo.
Blinding of clinicians was ensured as they were not in-
volved at any point in the assignment or dispensing of
treatment.

Eligibility criteria
Participants were classified as eligible if they were male
or female between the ages of 45 to 75 years and clinic-
ally diagnosed with a chronic pain from an osteoarth-
ritis. These participants should not have been on any
analgesic or anti-inflammatory agents for a minimum of
4 weeks. The criteria for the clinical diagnosis of osteo-
arthritis comprised: a history of primary idiopathic

osteoarthritis of any joint characterised by pain of mild
to moderate intensity and requiring the intake of analge-
sics, recurrent pain in any of the major joints for more
than 6months with patient-reported or physician-
identified difficulty in undertaking at least one of the fol-
lowing activities due to the pain: limitation in the range
of motion, difficulty in performing routine activities that
require the use of the joint e.g. walking over a distance
of 200–500 m, going up and down a flight of stairs, early
morning stiffness and stiffness observed in the joint after
maintaining a posture for a short period. Radiological
confirmation was undertaken for subjects being diag-
nosed for the first time.
Exclusion criteria comprised individuals whose pain

were of metastatic origin and those receiving an opioid
or steroid based treatment. Participants were also to be
free of any clinically significant diseases such as an endo-
crine, gastrointestinal, autoimmune disorders and a pre-

Fig. 1 Schematic representation of the sequence of activities participants were involved, randomisation groups for the study
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existing cardiovascular risk. Subjects were required to be
willing to adhere to the protocol and provide an in-
formed consent. Individuals with hepatic and renal im-
pairment as well as the acutely ill were all excluded from
the study.
Participants were withdrawn if there was an increase

in the GCPS compared to the baseline, developed any
adverse reaction or decided at any point they did not
want to continue with the study. Such participants were
transferred to a physician for standard care at no cost to
them.

Study outcomes
The primary outcome of this study was a reduction in
the baseline disease score (Graded Chronic Pain Scale)
to Grade 0 by the end of the 8th week for all partici-
pants. This meant that after a treatment cycle of 4
weeks, subjects should report with no pain over the
prior month, a maximum of 3 days of disability and dis-
ability score of < 30 points. Secondary outcomes of inter-
est were the ability of the product to improve the
physical and socioeconomic impact of the disease repre-
sented by a reduction in either the Characteristic Pain
Intensity and/or a decline in the Disability Point.

Assessment tool
The tool for monitoring the effectiveness of the treat-
ments was the Graded Chronic Pain Scale (GCPS) with
modifications for this study [17]. Modifications were
made to the length of time for the recall of disease im-
pact and pain: from 6months to 3months at baseline as-
sessment and a 1 month recall during follow ups. The
Visual Analogue Scale (VAS) was also used as an aid
during scoring by participants. The GCPS comprises 7
questions with respondents choosing from a 10-point
scale for each question. Questions 1–3 aid in the charac-
terisation of the intensity of the pain the subject is ex-
periencing (Characteristic Pain Intensity). Questions 4–6
cover the impact of pain on the physical, socio-
economic and quality of life of subjects (Disability

Score). Question 7 is a query about the number of days
lost over the past month due to the pain (Disability
Days). The Disability Score and Disability Days are then
transformed using a 4-point system and the two (2)
scores summed up to attain the Disability Point. The
sum of the Characteristic Pain Intensity and the Disabil-
ity Days is also graded between 0 – IV (Fig. 2).

Safety assessment
Safety evaluation was performed using the test values of
creatinine, urea, sodium (Na+), potassium (K+) and
chloride (Cl−) for kidney function; alanine aminotrans-
ferase (ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), γ-glutamyl transaminase (GGT), lac-
tate dehydrogenase (LDH), total bilirubin (TBIL), total
protein (TPROT) and albumin (ALB) for liver function.
Haematological assessment was also determined using
the white blood cell count (WBC), red blood cell (RBC),
haematocrit (HCT), haemoglobin (HGB) and platelet
counts (PLT). Additionally, an active surveillance of
harms was undertaken to identified related adverse ef-
fects using the standardised World Health Organisation
questionnaire.

Herbal intervention
The herbal medicine formulation, GC-500 is a prepared
from the dried roots of C. sieberiana and C. anisata.
This formulation has been in use for decades by some
traditional practitioners in Ghana. Classically, the prod-
uct is formulated either as a decoction or an ethanolic
extract to be administered twice daily. A relatively im-
proved formulation of this remedy also available on the
Ghanaian market involves the filling of 500mg gelatin
capsules with dry pulverised plant materials which is ad-
ministered by patients twice a day.

Control treatment
The control drug was the non-steroidal anti-
inflammatory (NSAIDs) agent Diclofenac sodium which
is currently indicated for pain associated with

Fig. 2 The Assessment tool - Graded Chronic Pain Scale (GCPS)
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inflammatory diseases. Subjects randomised to the con-
trol treatment received 50 mg of Diclofenac twice a day
while those recruited into the treatment group received
500 mg of the herbal formulation twice daily. All treat-
ments were administered for a period of 8 weeks and
participants were advised to use only their assigned
treatments for the management of the condition.

Statistical analysis
We hypothesised that in this study, the herbal formula-
tion would have better or comparable activity to that of
diclofenac. A sample size of 60 participants was calcu-
lated to be ideal for testing this outcome. This sample
size calculation was performed taking cognisance of the
fact that the study should have an 80% probability of de-
tecting treatment differences between the two groups, if
the true difference between treatments was at least 0.5
times the standard deviation. Calculation of the sample
size was undertaken using an online tool provided by
David Schoenfeld [18] . Safety analysis was also per-
formed using an independent t-test comparing the
herbal treatment group to the control. An α-level of 5%

was set for the detection of all statistically significant
differences.
All analyses were done using the intention to treat

(ITT) population. Column statistics followed by a one-
way analysis of variance (ANOVA) with a Bonferroni
posthoc-test was used to represent and compare the dif-
ferences between the herbal treatment and the control
groups. All data was analysed using GraphPad Prism
version 9.0 software and is presented as mean (±SD).

Results
Quality assessment
Standardisation of GC-500
The product, GC-500, was quantified as having a quer-
cetin content of 0.31 (± 0.08) % w/w. In the case of the
starting materials, C. sieberiana had a quercetin content
of 0.11 (± 0.03) % w/w and C. anisata 0.502 (± 0.03) % w/

w. Chromatographic fingerprint from the HPLC analysis
for the product is indicated as Fig. 3. The basic phyto-
chemical screening of the product conducted also indi-
cated the presence of phenolics, flavonoids, tannins,
anthraquinone glycosides, and phytosterols.

Fig. 3 Qualitative HPLC fingerprint for GC-500. Quercetin appears as peak No 18 at a time of 2.713 min. Quercetin content in the product was
0.31 (± 0.08) %w/w
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Clinical study
Patient demographics
A total of 44 participants in the treatment group and 13
in the control group qualified to be included in the ana-
lysis after randomisation. The mean age of participants
was 65.8 (±3.12) years and 64.3 (±4.12) years for the
treatment and control groups respectively. The most re-
corded form of osteoarthritis was of the knee joint and
diagnosed in 50 (87.77%) of the subjects. Osteoarthritis
of the shoulder joint was also identified in 4 (7.02%) of
the subjects while 3 (5.26%) of subjects reported of
ankle, wrist and elbow disorders. Summary of the demo-
graphics of subjects are reported in Table 1.

Effectiveness of the herbal medicine, GC-500
Out of the 44 patients in the GC-500 group, 11 (25%) of
them achieved the primary outcome of Grade 0 by week
4 and 28 (63.63%) at the end of the study (Table 2). A
relatively lower outcome was observed in the control
group with 5 (38.46%) participants achieving the primary
outcome by week 4 and week 8. Overall, there was some
clinical improvement attributable to the effect of the test
products across both groups throughout the study. This
pattern of change in disease outcome was seen in the
number of participants who saw a reduction in their
overall disease grading.
Analysis of the data also indicated specific reduction

in the physical and socio-economic burden (Disability
Scores) among subjects. By weeks 4 and 8, the mean
baseline disability score of 101.4 (± 9.049) was reduced
significantly to 46.36 (± 5.898) and 25.23 (± 3.339) re-
spectively for the treatment group (Fig. 4). There was
also a significant reduction in the disability score of the
subjects in the control group: 25.83 (± 5.288). At the
end of the 8-week study, the GC-500 group also
achieved a similar decline in their disability points com-
pared to the control group (Fig. 5).
The specific effect of the treatment on characteristic

pain intensity of subjects during the study was also re-
corded as a secondary measure of effectiveness. Subjects
in the treatment group reported a significant reduction
in the intensity of pain with a mean reduction from
205.9 (± 4.065) at baseline to 90 (± 3.75) and 47.05 (±

3.244) at week 4 and 8 respectively. Comparable change
was recorded for the control group with mean baseline
Characteristic Pain Intensity of 196.7 (6.779) which de-
clined to 71.67 (9.115) at the end of the study (Fig. 6).

Safety assessment of the investigational product
There was no reported adverse effect by any of the par-
ticipants neither was any detected by the investigator
throughout the 8 weeks of study. An active surveillance
of harm was used. At the end of the study, the partici-
pants showed no significant changes in baseline indices
for liver such as AST, ALP, ALB and GGT (Table 3).
Renal indices such as electrolytes, urea and creatinine,
together with haematological variables implicated in
organ damage from the use of medicinal products were
also normal (Table 4). No drug related toxicity was ob-
served in all participants from the study.

Discussion
GC-500 is a traditional Ghanaian herbal medicine used
by some traditional medicine practitioner in Ghana. The
product has the roots of C. sieberiana and C. anisata as
its ingredients. It is also prepared according to a recipe
that has been passed down from previous generations to
the current albeit with some modifications. The two
plants used in this formulation are well known for their
ethnomedicinal use in chronic pain management [19,
20]. In this report, we assessed the safety and effective-
ness of this formulation in the larger framework of clin-
ically validating Ghanaian herbal medicines to enhance
the process of their integration into mainstream medi-
cine and increase their uptake by conventional
practitioners.
A total of 73 potential subjects were clinically evalu-

ated for recruitment into the study. After this recruit-
ment, 57 subjects were considered to have satisfied the
selection criteria and were thus randomised into the 2
arms of the study as the intention to treat group (ITT).

Table 1 Demographics of subjects in this study

GC-500 Control

Age 65.8 (± 3.12) 64.3 (± 4.12)

Sex:

Males n (%) 12 (± 27.27%) 5 (± 38.46%)

Females n (%) 32 (± 72.72%) 8 (± 61.54%)

BMI 26.32 (± 4.02) 24 (± 2.31)

Data is presented as n (%) & Mean (±SD); N = 57: GC-500 (n = 44) & Control
(n = 13). p > 0.05 after statistical testing for age and BMI.

Table 2 Summary of the Overall Effect of the Treatments using
the 5-point Grading System (Primary Outcome)

Baseline Week 4 Week 8

GCP-500 Control GCP-500 Control GCP-500 Control

Grade 0 – – 11 (25.0) 5
(38.46)

28
(63.63)

5
(38.46)

Grade I 3 (6.81) 3
(23.07)

19
(43.18)

6
(46.15)

13
(29.54)

6
(46.15)

Grade II 6 (13.63) 5
(38.46)

6 (13.63) 2
(15.38)

1 (2.20) 2
(15.38)

Grade III 32
(72.72)

5
(38.46)

6 (13.63) – 1 (2.20) –

Grade
IV

3 (6.81) – 2 (4.50) – 1 (2.20) –

Data is presented as n (%); N = 57: GC-500 (n = 44) & Control (n = 13).
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The mean age of the participants and other demograph-
ics were comparable across both arms.
Participants receiving the herbal medicine generally

saw a reduction in their symptoms over the course of
the 8-week study. Improvements were time dependent

as the number of subjects reaching the primary outcome
increased from week 4 to week 8. An equal trend was re-
corded for the control group who received the standard
treatment of diclofenac. At the termination of the trial,
28 (63.63%) subjects from the GC-500 group had

Fig. 4 The effect of GC-500 on the Disability Score of participants compared to Diclofenac. Data is expressed as Mean ± SD. A non-significant
difference was observed between the groups p > 0.05 after ANOVA and Bonferroni post-hoc test. *** p < 0.001: GC-500 at Week 4 & 8 compared to
its baseline

Fig. 5 Comparison of Disability Points for GC-500 and the Control over the Study Period. Data is expressed as Mean ± SD. A non-significant
difference was observed between the groups p > 0.05 after ANOVA and Bonferroni post-hoc test. *** p < 0.001: GC-500 at week 4 & 8 compared to
its baseline. ††† p < 0.001: Diclofenac at week 4 & 8 compared to its baseline

Thomford et al. Clinical Phytoscience            (2021) 7:76 Page 8 of 12



reached the outcome of interest: overall treatment effect
of Grade 0, compared to 5 (38.46%) subjects from the
control. Despite this variance in the achievement of
the primary outcome, comparison of the effect of
both treatments on the characteristic pain intensity
did not indicate any statistical difference. All the par-
ticipants reported of some reduction in their painful
episodes and intensity confirming the analgesic and

anti-inflammatory activities of the product and its
components.
Clausena anisata as an analgesic and anti-

inflammatory agent has been widely verified. Such re-
ports have postulated multiple mechanisms of action,
but this is not unusual considering the chemical nature
of medicinal herbs. Okokon and colleagues established
that the leaf extract of the plant reduced ear oedema

Fig. 6 The effect of GC-500 on Characteristic Pain Intensity of participants compared to Diclofenac. Data is expressed as Mean ± SD. A non-
significant difference was observed between the groups p > 0.05 after ANOVA and Bonferroni post-hoc test. *** p < 0.001: GC-500 at week 4 & 8
compared to its baseline. ††† p < 0.001: Diclofenac at Week 4 & 8 compared to its baseline

Table 3 Biochemical Profile for GC-500 compared to the control treatment

Parameter GC-500 Control CI

Baseline End of Study Baseline End of Study

AST (IU/L) 23.34 (1.47) 22.70 (1.21) 26.54 (3.08) 24.0 (2.67) −6.51 to 3.33

ALT (IU/L) 25.98 (1.25) 25.23 (1.47) 25.51 (1.65) 24.82 (1.93) −3.90 to 5.26

ALP (IU/L) 124.9 (5.74) 123.8 (5.13) 125.9 (7.72) 122.1 (5.56) −12.59 to 14.63

GGT (IU/L) 18.07 (1.32) 18.29 (0.98) 20.13 (1.21) 19.50 (1.44) −4.81 to 3.81

LDH (IU/L) 55.87 (2.02) 54.71 (1.97) 54.84 (1.33) 54.60 (0.98) −5.78 to 6.10

TPROT(g/dl) 6.89 (0.17) 6.93 (0.13) 7.20 (0.14) 7.04 (0.12) −0.61 to 0.35

ALB (g/dl) 3.77 (0.13) 3.96 (0.12) 3.94 (0.25) 3.62 (0.24) −0.34 to 0.60

TBIL (μmol/dl) 10.81 (0.89) 10.33 (0.80) 11.30 (0.61) 10.08 (0.35) −3.17 to 2.23

Na+ (mmol/l) 138.1 (0.61) 137.9 (0.77) 138.9 (1.12) 137.0 (1.11) −2.33 to 2.97

K+ (mmol/l) 4.14 (0.15) 4.05 (0.14) 4.10 (0.16) 3.88 (0.21) −0.62 to 0.44

Cl− (mmol/l) 99.29 (0.32) 98.78 (0.33) 99.20 (0.19) 98.62 (0.40) −0.83 to 1.15

Urea (mmol/l) 3.62 (0.19) 3.14 (0.23) 3.90 (0.11) 3.84 (0.14) −1.18 to .116

Creatinine (mmol/l) 79.06 (3.28) 75.62 (2.44) 78.73 (2.76) 76.71 (3.05) −7.11 to 10.22

Data is presented as Mean (±SD); N = 57: GC-500 (n = 44) & Control (n = 13)
AST Aspartate transaminase, ALT Alanine aminotransferase, ALP Alkaline phosphatase, GGT γ-glutamyl transaminase, Na + Sodium, K + Potassium, Cl Chloride, LDH
Lactate dehydrogenase, TBIL Total bilirubin, TPROT Total protein and ALB Albumin
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induced by xylene. This group reported the action could
be linked to the inhibition of phospholipase A2 by the
flavonoid group of phytochemicals. They also inferred
that the ability of the plant to exert this effect may be
due to its inhibition of prostaglandin E2 through its ac-
tion on the cyclooxygenase pathway and the ability to
enhance the body’s synthesis of endogenous anti-
inflammatory and anti-pyretic agents [21]. Kumatia and
his co-workers also claimed the plant may work by both
central and peripheral nervous pathways after their as-
says. They also stated the possible involvement of the
opioidergic pathway as a mechanism [22].
Cassia sieberiana has also been evaluated using similar

models for its efficacy and mechanism of action. The
anti-inflammatory activity is said to occur through the
inhibition of proinflammatory mediators such as hista-
mine, serotonin and prostaglandins. The plant was also
indicated to act by both peripheral and central nervous
pathways. The involvement of opioidergic, muscarinic
cholinergic and adenosinergic systems were also re-
ported by the authors [23]. Chemically, phytochemical
groups such as flavonoids, coumarins, alkaloids, sterols
and triterpenes have all been said to contribute to the
analgesic and anti-inflammatory properties of both
plants [24–26].
Participants receiving the herbal medicinal product

GC-500 also showed improvements in their disability
score over time (Fig. 5). This meant a reduction in the
physical and socio-economic impact of the disease. The
improvement in the quality of life (QOL) also led to a
significant reduction in the number of economic days
lost per month, from a baseline of 0.318 (± 0.74) days to
0.159 (± 0.65) days (p- 0.006; CI 0.047–0.271) at the end
of the study. The biopsychosocial response to the treat-
ment was summed up in the disability points for partici-
pants in both arms of the study declining significantly
compared to their baseline (Fig. 5). The effect of GC-500
was again comparable to that of the standard treatment
of diclofenac.
In patients with osteoarthritis, reduction in work prod-

uctivity, including presenteeism, is associated with in-
creased patient-reported severity hence the

biopsychosocial response to treatment is very critical
[27–29]. Poor treatment outcomes also predispose indi-
vidual to altered symptoms and grave functional limita-
tion which if not properly handled results in a cycle of
pain, depression and loss of economic power [30].
Given the chronic nature of osteoarthritis, the safety of

potential medicinal agents must be assured as patient
exposure to these agents is lengthier. The safety profile
of the herbal medicinal agent GC-500 was inferred to be
ideal for the intended use. The product did not have any
untoward effect on the liver, kidneys and haematological
parameters. Baseline values were statistically not differ-
ent from those obtained at the end of the study. Again,
none of the participants reported of any adverse events
while receiving the treatment.
The number of participants for the safety assessment

was less because some subjects opted out due to aver-
sion of needles, others for reasons that they had just re-
cently undergone similar profiling and thus unwilling to
undertake the testing again. The guidelines were relaxed
to include such subjects for efficacy assessment because
the formulation is not a new investigational product.
The allocation ratio was increased for the herbal treat-
ment in anticipation of this situation and also to aid in
the documentation of related adverse events.
Although available reports from other groups about

the toxicity of the ingredients have cited C. anisata as
being safe [31], C. sieberiana has been documented as
having the potential for causing detrimental effect on
long-term users. Obidah and his co-workers reported
that oral administration of the aqueous stem bark ex-
tract of C. sieberiana in rats resulted in hepatotoxicity at
doses between 20 and 60 mg/kg BW and nephrotoxicity
at a dose of 180 mg/kg BW [32]. This hepatotoxic effect
was again observed after histopathological analysis
showed the presence of necrotic and inflammatory cells
in the hepatic parenchyma and a sinusoidal stasis after
28 days of treatment in rats [33]. Although, these adverse
reports were from in vivo assessments, they highlight the
need for the continuous process of post-market surveil-
lance for GC-500 and most authorised herbal medicinal
products to protect users.

Table 4 Haematological Data of Participants from both groups during the Study

Parameter GC-500 Dietary Control CI

Baseline End of Study Baseline End of Study

WBC (109/l) 4.01 (0.19) 4.39 (0.14) 4.52 (0.18) 4.24 (0.14) −0.82 to 0.380

RBC (1012/l) 5.15 (0.23) 4.77 (0.17) 5.15 (0.23) 4.77 (0.17) −0.87 to 0.43

HCT (%) 49.57 (0.78) 48.92 (0.93) 50.50 (0.84) 48.76 (0.61) −3.49 to 1.67

HGB (g/dl) 12.91 (0.91) 13.44 (0.12) 12.93 (0.16) 13.11 (0.18) −0.16 to 0.96

PLT (109/l) 332.1 (53.01) 321.4 (60.94) 390.4 (13.08) 394.2 (16.12) − 113.6 to 19.97

Data is presented as n (%) & Mean (±SD); N = 57: GC-500 (n = 44) & Control (n = 13)
WBC White Blood Cells, RBC Red Blood Cells, HCT Haematocrit, HGB Haemoglobin, PLT Platelet)
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Notwithstanding the clinical effects of the herbal me-
dicinal product reported here, we cannot confirm if this
product has any action on the inflammatory process in
osteoarthritis due to the design of the trial. The study is
also limited in its ability to confirm the safety among
long-term users and also the potential application of
GC-500 in other osteodegenerative diseases. Our inabil-
ity to blind the participants to the treatment being re-
ceived could have also negatively influenced the
feedback provided. This situation may be significant
among the diclofenac group as the agent is first-line
treatment and as such subjects may have a prior history
of use.

Conclusion
The herbal medicinal product GC-500, provides another
treatment option for managing the pain associated with
osteoarthritis. The product is considered suitable be-
cause of its tolerability, improvement in subject pain
scores and their quality of life all of which were compar-
able to diclofenac.
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