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INTRODUCTION

Sickle cell disease (SCD) is a life-threatening hematological disorder that affects millions 
of people worldwide. SCD is caused by lone amino acid substitution in the β-globin chain 
resulting in polymerization of the abnormal hemoglobin S disrupting erythrocyte architecture 
and lifespan. Hemoglobin polymerization leads to erythrocyte rigidity, hemolytic anemia, and 
phases of microvascular vaso-occlusion resulting in organ damage such as the brain, lungs, 
bone, kidney, and cardiovascular system due to ischemic-reperfusion injury.[1,2] The occurrences 
of vaso-occlusive events and hemolysis enhance oxidative stress and inflammation.[3] The 
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incidence is estimated to be between 300,000 and 400,000 
neonates globally each year, the majority in sub-Saharan 
Africa.[4] About 18.8% of Nigerian population have the sickle 
cell trait (SCT; HbAS) which can be genetically transferred 
to offspring, probably contributing to Nigeria having a high 
number of people with SCD with about 20–30/1000 live 
births.[5-7]

Inflammation and excruciating pain are prominent among 
several clinical complications known to be associated with 
SCD.[8] Other clinical symptoms are anemia, infections, 
and diverse complications of vaso-occlusion such as stroke, 
chest tightening, priapism, leg ulceration, and ultimately 
chronic organ failure.[9] The recurrent episodes of severe 
pain which serves as the hallmark of SCD had conferred 
many names on SCD by different tribes in West Africa. For 
example, SCD is called Ahotutuo by Twi people of Ghana, 
rangun-ragun or aromoleegun by the Yorubas of Southwest 
Nigeria. The pathophysiology of these comorbidities has 
been attributed to persistent increase in oxidative stress 
[presence of reactive oxygen species (ROS)], reduction in 
nitric oxide (NO), and release of inflammatory mediators 
that cause painful vaso-occlusive crisis (VOC).[10] 
Regardless of the advancement in the knowledge of the 
molecular basis of SCD, a standard gold cure is still 
unavailable. Although some conventional therapies 
for the management of SCD are available, no universal 
cure for it exists.[11] Among the drugs recommended to 
minimize the effects of clinical features are hydroxyurea, 
5-hydroxymethyl-2-furfural, hydroxycarbamide,[3] and
Sevuparin®.[12] Nonetheless, their untoward effects,
for example, secondary leukemia, myelosuppression,
mutagenicity, teratogenicity, and inability to completely
abolish the complications (VOC) of SCD have limited
their usefulness. Other possible therapeutic measures
such as hematopoietic cell transplantation,[13] use of
endothelins, and blood transfusion,[11] and at times,
psychological interventions[14-16] among others have also
been explored as therapeutic measures. Unfortunately,
their limitations remain high cost, accessibility, and
acceptability.[3] It is, therefore, pertinent to discover safe,
effective, and affordable anti-sickling agents.

Despite significant development in modern medicine, global 
extensive use of natural plants as primary health remedies 
for different disease conditions without the exception of 
SCD is recognized.[17] A few of the complementary and 
alternative medicines currently used in Africa for SCD 
include Niprisan®, Dioscovite®, Hildi®, Ciklavit®, and 
Faradin®. Faradin® is a polyherbal preparation comprising 
Zanthoxylum zanthoxyloides (root), Alnus glutinosa (bark), 
and Alchornea cordifolia (ripe leaves) that have been found 
anecdotally to be effective for the management of SCD (with 
no reported adverse effects) in Nigeria and few other West 

African countries.[18,19] Faradin was approved by the National 
Agency for Food and Drug Administration and Control 
(NAFDAC) in Nigeria (Certificate number 4-0077L) as a 
nutritional supplement. Adeyeye et al. (2017a) and Adeyeye 
et al. (2017b) established the antibacterial effects of Faradin® 

(TD) against some Gram-positive and  -negative bacteria 
and reported anti-sickling effects of the extract.[18,19] Several 
studies have reported antinociceptive action of some of 
the plants and secondary metabolites in Faradin®.[20,21] It 
becomes imperative to study the anti-inflammatory and 
antinociceptive action of this polyherbal formulation 
in rodents.[22] Hence, establishing the safety profile and 
validating its anti-inflammatory and antinociceptive 
activities of the new polyherbal, Faradin® is important in 
the establishment of its therapeutic benefits in SCD. The 
objectives of the study are to determine the acute toxicity and 
evaluate the potential anti-inflammatory and antinociceptive 
properties of Faradin® using in vivo study in animals.

MATERIALS AND METHODS

Animals

A total number of 135 and 30 Swiss albino mice and Sprague–
Dawley rats, respectively, of either sex, were procured from 
the Animal House of the Department of Biochemistry, 
University of Ilorin, Ilorin, Nigeria. The Swiss albino mice 
and rats weigh between 15–20 g and 150–200 g, respectively, 
and used in this study. The animals were maintained at room 
temperature under 12 h daylight/night conditions for at least 
5  days before the experimental procedures. All the animals 
had access to water ad libitum and fed with standard diet. 
Ethical approval number University of Ilorin Ethics and 
Research Committee (UERC)/ASN/2018/1108 was obtained 
from the UERC.

Drugs and reagents

Ibuprofen (Hubei Tianyao Pharmaceutical Co. Ltd., China), 
pentazocine (Sakar Healthcare Ltd., India), diethyl ether, 
carrageenan 1%, and xylene were procured from Sigma-
Aldrich (St. Louis MO, USA). Faradin® was obtained from 
Atipo Ventures, Ogbomosho, Nigeria.

Experimental procedures

Acute toxicity study

The acute toxicity study was carried out according to the 
Organization for Economic, Cooperation, and Development 
(OECD – test guideline 423) up and down procedure.[23] The 
animals were fasted overnight but had free access to water 
at least 4 h before the commencement of the study. Fifteen 
female Swiss albino mice (15–20  g, n = 3) were allotted to 
three groups comprising vehicle control (10 ml/kg), Faradin® 
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(5, 50, 300, or 2000 mg/kg (volume/weight/kg), p.o.). Then, 
the animals were observed for behavioral changes such 
as skin/fur, eyes, mucous, tremor, convulsion, diarrhea, 
lethargy, sleep, and induction of coma (supplementary file) 
at 0.5, 1, 2, 4, 6, 8, 12, and 24 h and, subsequently, daily up to 
the 14th day. Moreover, the influence of treatments on body 
weight was also recorded for a period of 2 weeks.

Evaluation of anti-inflammatory activity

Carrageenan-induced rat paw edema model

Thirty adult albino rats were fasted and randomized into 
five groups (n = 6) and treated orally as follows: Vehicle 
(10  mL/kg) (CTL) (normal control), TD® (25, 50, or 
100  mg/kg), and ibuprofen (100  mg/kg) IBU (standard 
treatment). The paw diameter of the right hind paw was 
recorded before drug administration. One hour post-
drug administration, acute inflammation was induced 
by subplantar injection of 0.1  mL of 1% suspension of 
carrageenan in normal saline, in the right hind paw. The paw 
diameter was measured immediately using a digital Vernier 
caliper and at 30 min intervals after the carrageenan injection 
for 4  h. Results were expressed as percentage inhibition of 
edema and calculated using the formula;[24,25]

− − − ×
=

−
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Percentage ( ) ( )  1 00
inhibition ( )

t t

t
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Where: Ct = Paw thickness at time t; Co = Paw thickness 
before administration of treatment and carrageenan; and Ct –
Co = difference in paw thickness.

Xylene-induced ear edema model

Another set of adult Albino mice (n = 30) were fasted and 
randomized into five groups (n = 6). Oral doses were 
administered to all groups in the order; vehicle (10 mL/kg) 
labeled CTL, Faradin® (25, 50, or 100 mg/kg) labeled TD25, 
TD50, and TD100, and ibuprofen (100 mg/kg) labeled IBU. 
One hour afterward, 30 µL xylene was instilled into the pinna 
ear of the mouse each to induce edema. The animals were 
anesthetized with chloral hydrate (300  mg/kg i.p) 30  min 
later, and both ears were removed and sectioned circularly, 
using a pair of dissecting scissors. The sections were weighed 
and percentage inhibition of ear edema was calculated. 
Results were expressed as percentage inhibition of ear edema 
and calculated using the formula below.[26,27]
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Where: REwt = Right ear weight and LEwt = Left ear weight.

Evaluation of antinociceptive activity

Tail immersion test

Thirty mice were randomly divided into five groups (n = 6) 
and treated orally; Group 1 – vehicle 10 mL/kg, Groups 2–4: 
TD (25, 50, or 100  mg/kg, respectively), and Group  5 – 
morphine 5  mg/kg, s.c. (standard drug). The mouse was 
restrained in a mouse holder and the tail was immersed in 
a hot water bath maintained at 52.5 ± 0.5 °C. The reaction 
time to flick the tail from the hot water was recorded for each 
mouse. The reaction time was noted initially before any drug 
treatment and every 30 min for 3 h after the drug treatment. 
A cutoff time of 15 s was maintained to prevent any injury 
to the tail. The antinociceptive response was expressed as % 
maximum possible antinociceptive effect (MPE), which was 
calculated using a formula;[28]

% MPE = ([Test latency–Control latency] × 100 [Cutoff 
time–Control latency])

Acetic acid-induced writhing test

Thirty mice were randomly divided into five groups (n = 6) 
and treated orally as follows; Group  1 – vehicle 10  mL/kg, 
Groups  2–4: TD (25, 50, or 100  mg/kg, respectively), and 
Group  5 – ibuprofen 100  mg/kg (positive control). Acetic 
acid (0.6% v/v, 10 mL/kg) was intraperitoneally administered 
to mice 1  h post-treatment. Five minutes after acetic 
acid injection, the total number of writhes (abdominal 
constriction followed by extension of at least one hind limb) 
was recorded for 10  min and percentage inhibition was 
calculated.[26]

Formalin-induced nociceptive behavior

Thirty mice were randomly divided into five groups (n = 6) 
and treated similar to the arrangement in acetic acid-induced 
writhing test. One hour post-treatment, formalin 1%  v/v, 
50 µL was injected into the right hind paw. The time spent in 
licking and biting the formalin injected paw was recorded for 
a period of 0–5 min (early phase) and 15–30 min (late phase) 
considered as the quantitative indication of nociception. The 
percent inhibition of paw licking time was calculated for 
early and late phases of nociception in different treatment 
groups compared with vehicle using the formula:

% inhibition = (CT/C) × 100,

Where: C is the biting/licking response time (s) in the vehicle 
treatment group and T is the biting/licking response time (s) 
in the treatment group.[29]

To elucidate the possible mechanism of Faradin-induced 
antinociception, mice were pre-treated with either naloxone 
(5  mg/kg, s.c., opioid receptor antagonist), metergoline 
(5  mg/kg, i.p., 5HT2 receptor antagonist), or prazosin 
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(1  mg/kg, i.p., alpha-1 adrenoceptor antagonist)[25] 15  min 
before TD or vehicle administration. One hour later, acetic 
acid-induced mouse writhing test was carried out.

Statistical analysis

Data were expressed as mean ± standard deviation. The 
results were evaluated using one-way analysis of variance 
(ANOVA) followed by post hoc test (Tukey’s multiple 
comparisons test). The GraphPad Prism® version  7.0 was 
used as the statistical software package.

RESULTS

TD did not produce overt toxic effect

TD at 50, 300, and 2000  mg/kg with the exception of 
50  mg/kg induced sedative effect but no observable toxic 
effect up to 2000 mg/kg for the entire 14 days of treatment. 
Moreso, there was no significant difference in the mean body 
weights as compared to the control groups.

TD produced time course decrease in paw edema in 
carrageenan model

Intraplantar injection of carrageenan 1%  w/v, 0.1  mL 
induced time-dependent increase in paw edema which 
peaked at 4  h post-injection. However, the pre-treatment 
of rats with TD (25, 50, or 100  mg/kg, p.o.) significantly 
(P < 0.05) reduced edema formation with peak effect at 
50  mg/kg compared to vehicle-treated control. Moreover, 
TD inhibited both the early and late phases of inflammation 
processes. In addition, the anti-inflammatory action of TD 
at all tested doses was better than the effect of ibuprofen 
[Figure 1].

TD reduced xylene-induced ear edema

Instillation of xylene into right pinna ear-induced edema 
formation (42.85% increase) in vehicle-treated control when 
compared with the left pinna ear. However, the pre-treatment 
of mice with TD (100 mg/kg) significantly reduced (45.46% 
inhibition) ear edema formation when compared with 
vehicle-treated control [Figure 2].

TD produced time course increase in supraspinal pain 
threshold in tail immersion test

Two-way ANOVA revealed significant effect of treatments 
(F [4,119] = 54.67, P < 0.001). The pre-treatment of mice with 
TD caused significant time course decrease in nociceptive 
reaction when compared with vehicle treated, with peak 
effect at 50 mg/kg but not as potent as morphine (5 mg/kg) 
[Figure 3].

Figure 1: Effect of TD on carrageenan-induced paw edema in rats. 
Values are expressed as mean ± SD (n = 6); ap <0.05 versus vehicle-
treated control. Statistical level of significance by two-way analysis 
of variance followed by Tukey’s post hoc multiple comparison test.

Figure  2: Effect of TD on xylene-induced ear edema, *P < 0.05 
versus vehicle-treated control. Statistical level of significance 
analyzed by one-way analysis of variance followed by Tukey’s post 
hoc test of multiple comparison.

Figure 3: Effect of TD on hot water tail immersion test. Values are 
expressed as mean ± SD. Ap < 0.05, cp < 0.001 versus vehicle-treated 
control, statistical level of significance analysis by two-way analysis 
of variance followed by Tukey post hoc tests.
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TD reduced acetic acid-induced abdominal constriction

Intraperitoneal injection of acetic acid 10  mL/kg induced 
writhing reflex (21.00 ± 5.61 in 10  min). Writhing 
nociceptive reaction caused by acetic acid was ameliorated 
by TD administration with peak effect at TD 50  mg/kg 
(61.90% inhibition) which was similar to the effect of the 
standard drug, ibuprofen (78.09% inhibition) in comparison 
to vehicle-treated control group [Figure 4].

TD produced biphasic increase in pain threshold in 
formalin-induced nociception

Intraplantar injection of formalin 1% into the right hind 
paw-induced biphasic nociceptive behavior including acute 
early phase (0–5  min) followed by late tonic (15–30  min). 
TD (50  mg/kg) significantly decreased nociceptive reaction 
by 62.11% (F [4,40] = 5.40, P < 0.001]) in early phase as well 
as significant reduction (16.45% inhibition) (F [4,40] = 3.46, 
P < 0.01]) in time spent licking or biting the injected paw in 
late tonic phase [Figure 5].

Elucidation of possible mechanism of TD-induced 
antinociception

Post hoc analysis showed that the subcutaneous administration 
of naloxone (opioid receptor antagonist) did not affect acetic 
acid-induced nociception. However, the pre-treatment of 
mice with naloxone reversed TD-induced antinociceptive 
action. Moreover, two-way ANOVA revealed significant 
effect of naloxone and TD treatments (F [1,16] = 6.43, 
P = 0.02) [Figure  6a]. In another experiment, metergoline 

(5HT2 receptor antagonist) administration did not modify 
acetic acid-induced writhing reflex but the pre-treatment of 
mice with metergoline reduced TD-induced antinociceptive 
behavior. Two-way ANOVA revealed significant effect 
of treatments (F [1,16] = 6.84, P < 0.05) and interaction 
between metergoline and TD treatments (F [1,16]  = 13.70, 
P < 0.05) [Figure 6b]. Post hoc analysis revealed that the pre-
administration of prazosin (α1-adrenoceptor antagonist) did 
not affect mouse writhing reflex but significantly reduced 
TD-induced antinociceptive behavior. Two-way ANOVA 
revealed significant effect of prazosin and TD treatments 

Figure  4: Effect of TD herbal formulation on acetic acid-induced 
mouse writhing test. Values are presented as mean ± SD (n = 6). 
Statistical level of significance analysis by one-way analysis of 
variance followed by Tukey’s post hoc multiple comparison test, 
**P < 0.01 versus control.

Figure  5: Duration of paw licking time in formalin-induced 
nociceptive response. Values are expressed as mean ± SD; *P < 0.01 
versus control, statistical level of significance analysis by two-way 
analysis of variance followed by Tukey’s post hoc tests.

Figure  6: (a-c) Effects of (a) naloxone, (b) metergoline, or 
(c) prazosin on TD-induced antinociceptive action in mouse
writhing assay. Values are expressed as mean ± SD (n = 6).
**P < 0.01 versus vehicle-treated control. Statistical level of
significance by two-way analysis of variance followed by Tukey’s
post hoc multiple comparison test.

c

ba
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(F [1,16] = 9.29, P < 0.05) and interaction between prazosin/
TD treatments (F [1,16] = 9.68, P < 0.05) [Figure 6c].

DISCUSSION

Findings from this study showed that Faradin® produced 
anti-inflammatory and antinociceptive activities through 
inhibition of carrageenan- and xylene-induced edema as well 
as elevation of pain threshold to both peripheral and central 
nociception in both acetic acid, formalin, and thermal-
induced nociception without affecting body weight and safe 
up to 2000  mg/kg. The antinociceptive action of Faradin® 

(TD) was reversed by naloxone (opioid receptor antagonist), 
metergoline (5HT2 receptor antagonist), and prazosin 
(alpha-1 adrenergic antagonist) indicative of opioidergic, 
serotonergic, and adrenergic signaling, respectively.[26,29,30]

Vaso-occlusive crises and intravascular hemolysis have been 
shown to promote inflammation leading to progressive 
microvasculopathy.[2] Moreover, vaso-occlusive events lead to 
activation of sterile inflammation. Carrageenan is a phlogistic 
agent of choice used in the evaluation of anti-inflammatory 
agents with no apparent systemic effects.[31] Carrageenan-
induced hind paw edema is regarded as a standard 
experimental model of acute inflammation due to its 
sensitivity and reproducibility.[25,32] Development of edema 
in the paw of rat after injection of carrageenan is a discrete 
biphasic events. The initial phase of which is observed during 
the 1st  h attributed to release of histamine and serotonin, 
whereas the second phase of edema is due to the release of 
prostaglandins, protease, and lysosomes.[26] Bhattacharyya 
et al.[33] showed through an in vitro assay that carrageenan 
activates Toll-like receptor-4 and reactive oxygen species in 
human colonocytes similar to what is observe after VOC 
in SCD. In this study, carrageenan-induced inflammation 
was reduced by Faradin administration suggestive of its 
possible benefit in vaso-occlusive crisis.[34] Interestingly, it 
has been reported that carrageenan-induced edema through 
stimulation of autacoids release in the 2 h and prostaglandins 
formation from the 3rd h.[26] In this study, the pre-treatment of 
rats with Faradin significantly reduced paw edema between 
the 2nd  and 3rd  h post-carrageenan injection suggestive of 
their ability to inhibit autacoids (serotonin, bradykinin, etc.) 
and prostaglandin formation. In another experiment, the 
role of Faradin® in the inhibition of inflammatory mediators 
was assessed in xylene-induced ear edema. Xylene-induced 
ear edema is an excellent in vivo model for use in evaluating 
anti-inflammatory potential of new chemical entities.[35] 
Its action is through release of Substance P from sensory 
neurons, thereby causing severe vasodilatation, plasma 
extravasations, and edematous skin changes to the ear of 
experimental animals.[35] Xylene-induced ear edema assay 
showed the inhibitory action of Faradin on phospholipase 
A2, responsible for the breakdown of arachidonic acid into 

inflammatory markers.[26] This is in tandem with the previous 
studies,[18,19] where the authors reported the presence of 
several phytochemicals in the Faradin® extract that has been 
identified as potential anti-inflammatory agents.

One of the unique features of SCD is recurrent and 
unpredictable episodes of acute pain due to vaso-occlusive 
crisis requiring hospitalization. Hence, this study goes 
ahead to evaluate the antinociceptive effect of Faradin®. 
The antinociceptive effect of the extract was assessed using 
three well-validated models, namely, the acetic acid-induced 
writhing, tail immersion, and formalin-induced nociception 
tests. This was to determine possible effects of Faradin® against 
chemical and thermal pain stimuli. The writhing results 
from intense pain caused by irritation resulting in release of 
prostaglandins which increased sensitivity to nociceptors, 
characterized by episodes of contraction of abdominal 
musculature and stretching of hind limbs over a long period 
of time similar to what is observed in SCD patients.[25] In 
this study, Faradin attenuates acetic acid-induced mouse 
writhing. To further ascertain the peripheral antinociceptive 
action of Faradin and possible central antinociceptive action, 
the formalin test was carried out. The formalin test remains 
the most predictive of the models for acute pain. In this 
widely used model, a biphasic pain response was produced 
over a specified test period. Inflammatory phenomena 
have been observed to occur in between both phases. Some 
analgesics such as the opioid analgesics have been observed 
to have both central and peripheral antinociceptive actions. 
Others such as the NSAIDs seem to inhibit only the second 
phase.[36-38] Subplantar injection of formalin caused two 
distinct phases of nociception (licking/biting behavior), 
initial acute peripheral pain Phase 1 produced through 
activation of TRPA1 channels, was attenuated by Faradin, 
recorded in the first 5  min post-injection. Moreover, the 
second phase (5–15 min post-injection) seen as inflammatory 
input and central nociception was also inhibited by Faradin. 
The observed analgesic potential of Faradin® could be 
attributed to the presence of coumarins, flavonoids, and 
antioxidants as previously reported.[18] Tail immersion model 
is a variant of tail flick test and is used in detecting centrally 
acting analgesic agents with pain induction based on thermal 
stimulus.[30] It is generally considered to be important for 
evaluating central analgesic property.[39] In this study, the 
central antinociceptive action of Faradin was confirmed in 
tail immersion test evidenced in its ability to increase pain 
threshold. Moreover, findings from the tail immersion test 
were corroborated by our mechanistic study, where Faradin-
induced antinociception was reversed by naloxone (opioid 
receptor antagonist) suggestive of opioidergic involvement.

G-protein-coupled receptors such as serotonin, adrenergic, 
and opioidergic receptors play significant modulatory 
roles in nociception in the brain areas (amygdala and 
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periaqueductal gray). Moreso, selective serotonin reuptake 
inhibitors, opioids, and adrenergic agonists relief painful 
actions in patients. In this study, serotonergic receptors 
antagonist, metergoline, reversed Faradin-induced 
antinociception indicative of serotonergic signaling 
involvement. Interestingly, prazosin (α1 adrenergic receptor 
antagonist) also blocked Faradin®-induced antinociceptive 
action suggestive of a role by adrenergic neurotransmission.

Interestingly, the extract up to 2000 mg/kg did not produce 
any overt behavior of toxicity. All the animals survived 
up until the 14th  day of observation. Thus, Faradin® can be 
considered to be relatively safe or non-toxic and, therefore, 
assigned OECD class of Group V. This finding also supports 
the fact that no claim or report of adverse effect had been 
filed since Faradin® has been found anecdotally useful in 
the management of SCD in Nigeria and some West African 
countries.

CONCLUSION

Findings from this study showed that Faradin® herbal extract 
possesses anti-inflammatory and analgesic activities through 
inhibition of possible release of inflammatory markers and 
increase of pain threshold through adrenergic, serotonergic, 
and opioidergic signaling. Thus, Faradin® polyherbal mixture 
may be considered an important remedy in the management 
of SCD.
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