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Abstract

Background: Holarrhena floribunda (G.Don) T.Durand & Schinz stem bark has anecdotal use in Ghanaian folk medi-
cine for the management of inflammatory conditions. This study was conducted to investigate the in vivo anti-inflam-
matory activity of the bark extract using models of acute inflammation in male Sprague Dawley rats, C57BL/6 mice
and ICR mice.

Methods: A 70% hydro-ethanol extract of the stem bark (HFE) was evaluated at doses of 5-500 mg/kg bw. Local ana-
phylaxis was modelled by the pinnal cutaneous anaphylactic test. Systemic anaphylaxis or sepsis were modeled by
compound 48/80 or lipopolysaccharide, respectively. Clonidine-induced catalepsy was used to investigate the effect
on histamine signaling. Anti-oedematogenic effect was assessed by induction with carrageenan. Effects on mediators
of biphasic acute inflammation were studied using histamine and serotonin (early phase) or prostaglandin E2 (late
phase).

Results: HFE demonstrated anti-inflammatory and/or anti-oedematogenic activity comparable to standard doses of
aspirin and diclofenac (inhibitors of cyclooxygenases-1 and -2), chlorpheniramine (histamine H1-receptor antagonist),
dexamethasone (glucocorticoid receptor agonist), granisetron (serotonin receptor antagonist) and sodium cromogly-
cate (inhibitor of mast cell degranulation). All observed HFE bioactivities increased with dose.

Conclusions: The data provide evidence that the extract of H. floribunda stem bark has anti-anaphylactic and anti-
oedematogenic effects; by interfering with signalling or metabolism of histamine, serotonin and prostaglandin E,
which mediate the progression of inflammation. The anti-inflammatory and antihistaminic activities of HFE may be
relevant in the context of the management of COVID-19.
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even mortality if left untreated. Such dysregulation is
what has been linked with fatality due to SARS-CoV-2
infection, resulting from a cytokine storm and subse-
quent systemic hyper inflammation [1-3]. Even before
COVID-19, inflammation-associated chronic disease
conditions had been listed as the leading threat to
human health [4, 5]. Disease burden due to aberrant
inflammation continues to increase, causing long-term
morbidity and/or disability, and negatively affecting
quality of life and economic well-being [6].

Anti-inflammatory agents used for treatment of
inflammation-associated disease conditions include
antihistamines, glucocorticoids, non-steroidal anti-
inflammatory drugs, disease-modifying anti rheumatic
drugs (DMARDs) and biologic drugs. These agents are
used in different combinations for their distinct effects,
a practice which highlights a significant challenge with
management of inflammation-associated diseases — the
fact that conventional anti-inflammatory agents typically
have specific inflammation mediators as targets, leaving
other uninhibited mediators to compensate. Further-
more, several of the agents have demonstrated significant
toxicity in humans [7-11]. This makes them particularly
unsuited for prophylactic or long-term use. There is the
need to seek alternatives that have (1) potent activity,
(2) non-toxicity to humans, particularly with prolonged
use, and (3) ability to interact with multiple inflammatory
response mediators.

Natural products, particularly from plant sources,
continue to provide leads for development of medicinal
compounds, including the majority of all medications in
modern drug therapy [12—15]. Holarrhena floribunda is a
shrub to medium-sized tree whose stem bark has popular
anecdotal use in Ghanaian traditional settings for treat-
ment of inflammation-related conditions. In other parts
of West Africa, it is reported to be used medicinally as
an anti-diabetic [16], antibacterial and antifungal [17]
agent. This is the first in a series of three reports describ-
ing the anti-inflammatory bioactivity of the plant. Here,
we describe the inhibitory effects of the hydro-ethanol
extract of H. floribunda stem bark on acute inflammation.
This study uses carrageenan/mediator-induced inflamma-
tion, and antigen-induced anaphylaxis, in murine mod-
els to highlight the broad-spectrum anti-inflammatory
and antihistaminic activities of the plant part. Mediator-
induced inflammation in rat and mouse models has pre-
dictive value for the assessment of anti-inflammatory
agents that interact with inflammation mediators includ-
ing histamine, bradykinin, serotonin, selected cytokines
and tumor necrosis factor alpha [18-21]. Also, striking
similarities in the serology of antigen-induced anaphylaxis
between humans and laboratory rat and mouse models
have been shown [22, 23].
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Methods

Chemicals and Reagents

Compound 48/80, carrageenan, diclofenac, lipopoly-
saccharide (Escherichia coli O127:B8 LPS), aspirin and
dexamethasone were purchased from Sigma-Aldrich (St
Louis, USA). Clonidine was purchased from Boehringer
Ingelheim Inc (Ridgefield, USA), chlorpheniramine was
from DWD Pharmaceuticals Ltd (Mumbai, India) and
haloperidol rom from Incas Pharmaceuticals Pt. Ltd
(Ahmedabad, India). Bovine serum albumen (BSA) was
obtained from PAA Laboratories (Marburg, Germany).
Sodium cromoglycate was purchased from Ashford Lab
Pt. Ltd, (Mumbai, India), granisetron hydrochloride from
Roche (Basel, Switzerland) and phosphate buffered saline
(PBS) from Gibco (Karlsruhe, Germany).

Experimental animals

The protocols for this study, including all animal experi-
ments, were approved by the Ethics Committee of Cen-
tre for Plant Medicine Research, Mampong-Akuapem
(approval number CPMR/M.6-PT3/2018). The animals
were handled in accordance with internationally accepted
principles of laboratory animal use and care (EEC Direc-
tive 2010/63/EU). A total of 216 male Sprague Dawley
rats (SDR, 200-220 g), 36 C57BL/6 mice and 36 ICR mice
(25-30 g) were obtained from and maintained at the Ani-
mal Experimentation Unit of Centre for Plant Medicine
Research (CPMR), Mampong-Akuapem, Ghana. The
animals were kept under ambient laboratory conditions:
temperature (28 +2) °C, relative humidity 60-70%, and a
normal light dark cycle of 12 h. The animals were allowed
access ad libitum to sterilized drinking water and pow-
dered feed obtained from Ghana Agro Food Company
(GAFCO), Tema. Animals were randomly assigned to
groups labelled either as control (vehicle or positive) or
extract treatment groups. Each group was housed in a
metallic cage with dimensions 200 cm x 252 cm? for rats
and 125 cm x 65 cm? for mice. Polyvinyl chloride plastic
tubes and a plastic ball were provided in each cage as a
source of environmental enrichment. All animals were
acclimatized for seven days in the designated experimen-
tation room before the start of experiments. The animals
were trained to allow cooperation with restraint and
other handling procedures. Animals in each single cage
were considered as one experimental unit and received
the same treatment. Drug/extract/vehicle was adminis-
tered orally by gavage.

Animal sampling and blinding

The rats and mice were randomly assigned to groups
using the randomization function on Microsoft Excel
2010. These groups were also randomly assigned to
treatments in each experimental set. Each experimental
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set consisted of a total of 30 animals placed in 5 groups
of 6 animals. The sample size that was used was calcu-
lated using the statistical software G*power 3.1.9.2 with
effect size of 0.85, a probability of type one error of 0.05,
two tailed and a power of 80%. All animals were kept in
the same controlled room at the same level on metallic
shelves. On treatment days, animals were dosed in ran-
dom order with drug/extract/vehicle. Investigators and
technicians responsible for experimental procedures
were blinded. One scientist prepared drugs/extracts and
assigned alphabetical designations. Another scientist
administered drugs/extract/vehicle randomly to groups
while a third scientist was responsible for observations
and/or assessment of indices of interest. Statistical analy-
ses were performed by a scientist who was blinded to the
data groupings.

Humane endpoint and euthanasia

The behavior of animals used in the experiments was
monitored hourly for 12 h after administration of drug/
extract, and then subsequently observed at 12-h inter-
vals. Body condition scoring [24] was used to monitor
the health of animals. Modifications of general and social
behaviour were used as proxy to indicate animals in pain
and distress. It was considered that animals that were not
well groomed, with awkward gait, slightly hunched and/
or agitated when touched were in distress. Animals were
placed in social groups and trained before all experimen-
tal procedures. In all experiments where anaphylactic
reactions and/or oedema were expected, and also where
death of animals was necessary, humane endpoints were
adopted to alleviate pain and distress, as well as eutha-
nasia where necessary. The humane endpoints consid-
ered body temperature below 34 °C, labored respiration
evidenced by excessive abdominal involvement, reduced
exploration, reduced grooming, inability to access food
and water, and lack of response to manipulation [25, 26].
Euthanasia methods used were 800 mg/kg i.p. adminis-
tration of pentobarbital sodium [27] in the case of rats
and cervical dislocation in mice.

Preparation of Hydro-ethanol Extract of H. floribunda

H. floribunda stem bark was obtained from the wild in
Kwahu-Asakraka (6°38°02.6”N;0°41°37.5”W), Ghana. The
plant part was collected, identified and authenticated by
Mr. Herone Blagogee (Research Officer/Botanist) of the
Plant Development Department of CPMR. The Plant
Development Department is licenced by the Forest Ser-
vices Division of Forestry Commission of Ghana to
source for plant material from the arboretum of CPMR
and the wild. A specimen with voucher number 05/13
has been kept at the herbarium of CPMR. The material
was washed, chopped into pieces, air-dried, and milled
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into a coarse powder. For extraction, 1 kg of powdered
stem bark was macerated in 5 L ethanol (70% v/v) with
periodic stirring, decanted after 72 h and filtered. Ethanol
was removed by rotary evaporation (EYELA, Shanghai,
China) and the aqueous concentrated extract was lyoph-
ilised to obtain powder with a yield of 7.33% w/w. This
was subsequently referred to as hydro-ethanol extract of
H. floribunda (HFE). The lyophilate was reconstituted
in normal saline (0.9% w/v NaCl) for use in subsequent
assays.

Determination of Median Lethal Dose, LD;,
A single dose p.o. of 5000 mg/kg HFE was administered
to SDRs (n=6) and ICR mice (#=6). The animals were
observed over a 48-h period for general behaviour and
euthanized at humane endpoints to prevent pain and
distress. Animals surviving beyond 48 h were observed
further over 12 days for signs of toxicity: piloerection,
lachrymation, and difficulty with movement or breathing.
Subsequently, five murine models of acute inflamma-
tion were used to investigate the in vivo anti-inflamma-
tory activity of HFE as described below.
Anti-anaphylactic activity
Cutaneous anaphylaxis
The pinnal inflammation model [28] was adopted. Six
groups (n=6) of ICR mice were injected s.c with 100 pl
of 0.05 mg/ml BSA at start of the experiment, and again
after 14 days with 100 pl of 0.02 mg/ml BSA. On day
21, test mice received p.o. 0.3 mg/kg dexamethasone,
100 mg/kg aspirin or HFE (50, 200 or 500 mg/kg), respec-
tively, while control mice received 0.1 ml normal saline.
One hour after drug/extract administration, each mouse
was put under isoflurane-induced anaesthesia (4%, drop
jar method), 200 pl Evans Blue dye (1% w/v) was injected
into the tail vein and both pinnae were immediately
injected with 0.1 mg/ml BSA. Mice were euthanized
30 min later and their ears were cut off. Area of reaction
was measured by circumscribing the area of extravasa-
tion of Evans blue dye and matching with the best fit of
standard circles. Percentage inhibition of the inflamma-
tory reaction was expressed as:

A —A
% inhibition of reaction = 100 <t0>

™ M

where A, and A, are the area of extravasation of dye
in the pinnae of saline (vehicle) control or drug/extract-
treated mice respectively.

Compound 48/80-induced anaphylactic shock

Anaphylactic shock was induced by compound 48/80
[29]. C57BL/6 mice in 5 groups (n=6) received p.o.
10 ml/kg saline (vehicle), 50 mg/kg sodium cromoglycate
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or HFE (50, 200 or 500 mg/kg) 1 h before administra-
tion of compound 48/80 (8 mg/kg, i.p.). Survival rate was
monitored for 1 h post administration. Mice were eutha-
nized at humane endpoints to prevent pain and distress
and the time of euthanasia was used as the end point of
the experiment.

Septic shock model

Septic shock was induced by LPS administration [30].
Groups of SDRs (n=6) were challenged i.p. with 5 mg/kg
LPS in saline at 10 ml/kg bw. In the prophylactic model,
treatment was administered twice; 24 h and 1 h before
LPS challenge. In the therapeutic model, treatment was
only administered 1 h after LPS challenge. Treatment
agents were administered i.p.: 10 ml/kg saline, 0.3 mg/kg
dexamethasone or HFE (50, 200 or 500 mg/kg). Survival
rate was monitored for 48 h after LPS challenge. Animals
that showed no distress after 48 h were monitored for up
to 168 h. Rats were euthanized at humane endpoints to
prevent pain and distress and the time of euthanasia was
used as the end point of the experiment.

Membrane stabilisation assay

Whole blood was collected from rats under 4% iso-
flurane anaesthesia into heparinised vacutainer tubes
(Thomas Scientific, Swedesboro, NJ). The blood was
washed (3000 rpm for 10 min) three times with 0.9%
saline and reconstituted as a 40% v/v suspension with iso-
tonic buffer (10 mM sodium phosphate buffer with 0.9%
NaCl) at pH 7.4. Protection of red blood cells from heat-
induced hemolysis was assessed as described by [31, 32].
Absorbance measurements were taken at 540 nm using
Shimadzu UV-160A spectrophotometer. Acetyl salicylic
acid (ASA) 200 pg/ml was used as a reference standard.
Percent inhibition of hemolysis was calculated as:

ODZ—OD1> @

% inhibition of hemolysis = 100 X <1 ~ OD3-0D. 0D,

where OD;, OD, and OD; are absorbance readings for
unheated test sample, heated test sample and heated con-
trol sample, respectively.

Clonidine-induced catalepsy

Indirect antihistaminic activity was investigated [33].
Groups of ICR mice (n=6) were treated p.o. with 10 ml/
kg saline, 4 mg/kg chlorpheniramine or HFE (50, 200 or
500 mg/kg). In the prophylactic protocol, control drug or
extract was administered 1 h prior to catalepsy induction
while in the therapeutic protocol, drug or extract was
administered 1 h post induction. Animals received 5 mg/
kg clonidine s.c. and were made to grip a horizontal bar
(1 cm diameter, 3 cm high) with their fore paws. The time
taken to let go was recorded as duration of catalepsy,

Page 4 of 14

measured at 30 min interval for 3 h after catalepsy induc-
tion. Maximal cataleptic effect was estimated by change
in catalepsy calculated as: Treated mice were euthanized
at humane endpoints to prevent pain and distress

Catalepsy(T,) — Catalepsy (T,
% Change in catalepsy = 100 X < i y( l) P y( 0) >

Catalepsy( T, )
(3)
where T, and T are catalepsy at a time point of meas-
urement and catalepsy at baseline, respectively.
Total catalepsy induced was measured as area under
the time course curve (AUC).

Anti-inflammatory Activity: Paw Oedema in Mice

Paw oedema was induced in groups (n=6) of SDRs by
sub-plantar injection of 100 pl of a phlogistic agent (1%
w/v) in the right hind paw [34, 35]. Phlogistic agents used
were carrageenan, histamine, serotonin or prostaglandin
E,, all freshly prepared in normal saline. In the prophylac-
tic protocol, 10 ml/kg saline, 4 mg/kg chlorpheniramine,
100 pg/kg granisetron, 100 mg/kg diclofenac or HFE (50,
200 or 500 mg/kg) were administered p.o. before injec-
tion of the phlogistic agent. In the therapeutic protocol,
control drug or extract was given 1 h after injection of
carrageenan. Paw volumes were measured by a plethys-
mometer at 1 h intervals for 4 h. Raw measures for paw
volume were normalised as percentage change from the
baseline value. Maximal oedema response was calculated
as:

Ve — pv
% Increase in pawvolume = 100 x <Ptpo> (4)
Pvo
where pv(t) and pv(0) are paw volume at a point of
measurement and at baseline, respectively.
Total oedema induced over the 4 h period was meas-
ured as area under the time course curves (AUC).

Statistical analyses

Data were analysed by one-way analysis of variance
(ANOVA), followed by Dunnett’s multiple comparison
post hoc test on GraphPad Prism for Windows Version
5.00 (GraphPad, San Diego, CA). Data are expressed as
mean =+ standard error of mean. Survival curves were
analysed by Log-rank (Mantel Cox) test. All data from
experimental units were included in data analysis. Each
analysis reported had 6 values of specific outcome
parameters obtained from 6 animals in an experimental
unit.

Results

LD, of HFE

No mortality was recorded within 48 h after administra-
tion of a single oral dose of HFE (5000 mg/kg bw). There
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were no physical signs of toxicity, as evidenced by normal
locomotory and respiratory activity. No lachrymatory
effect, bulging of eyes or piloerection was observed.

Anti-anaphylactic Activity of HFE

Cutaneous anaphylaxis

Pinnal challenge with BSA in previously sensitized mice
induced local inflammation marked by extravasation of
Evans blue dye. Mean reaction area for the saline-treated
control was 40.2544.52 mm? (Fig. 1). HFE reduced area
of extravasation to 6.77-22.26 mm? (P<0.013). The
reduction by 500 mg/kg HFE was comparable (P> 0.809)
to the values for dexamethasone (7.85 mm?) and aspirin
(5.75 mm?).

Compound 48/80-induced shock

Compound 48/80 caused 100% mortality within 25 min
of administration in all saline-treated control mice
(Fig. 2). Survival proportion for sodium cromoglycate
was 50% over 60 min. HFE protected mice, evidenced by
the survival proportions increasing from 0 (50 mg/kg) to
16 or 50% for the 200 or 500 mg/kg groups, respectively.

Lipopolysaccharide-induced septic shock
In septic shock modelled by LPS-induced anaphylaxis,
100% mortality was observed among saline-treated

control mice 10-12 h after LPS challenge. In the prophy-
lactic model, drug/extract-treated rats survived beyond
12 h (Fig. 3A). Dexamethasone failed to protect beyond
24 h whereas survival proportion for all HFE-treated
groups was 20%. Therapeutic HFE administration pro-
tected rats, with survival proportions of 0, 20 or 40% for
the 50, 200 or 500 mg/kg groups, respectively (Fig. 3B).
Survival for therapeutic dexamethasone was 60%.

Membrane stabilisation assay

HFE protected rat erythrocyte membrane from heat-
induced lysis (Fig. 4). HFE at 200 pug/ml had activity com-
parable to 200 pg/ml acetylsalicylic acid (reference drug),
whereas 500 pg/ml HFE had approximately twice the
activity of the reference.

Clonidine- and haloperidol-induced catalepsy

Relative to the saline-treated control (31.4+8.1 s), pro-
phylactic HFE reduced maximum duration of clonidine-
induced catalepsy to 4.8-6.8 s, P<0.001 (Fig. 5A). Total
catalepsy was also reduced to 15.8-24.4% (P<0.002)
of the control value (Fig. 5B). Therapeutic administra-
tion of HFE reduced maximum duration of clonidine-
induced catalepsy from the control value of 19.0 4.5 s to
6.2-8.5 s, P<0.047 (Fig. 5C). Again, total catalepsy was
reduced to 29.8-38.5% (P <0.044) of the control value
(Fig. 5D).
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Fig. 4 Holarrhena floribunda stem bark extract protects rat
erythrocytes from heat-induced haemolysis. Whole blood was
collected from rats under anaesthesia, washed and reconstituted as a
40% v/v red blood cell suspension. Red blood cell suspensions were
incubated with HFE (5, 50, 200 or 500 pg/ml). Acetyl salicylic acid
(ASA) 200 pg/ml was used as reference. Absorbance measurements
were taken at 540 nm. Data for percent inhibition of haemolysis are
presented as mean & SEM of n=4

HFE anti-oedematogenic activity

Carrageenan-induced paw oedema

Paw oedema peaked between 2-3 h in control rats
(Figs. 6.1 A and 6.1 C). In the prophylactic model, per-
centage mean maximal oedema for the saline-treated
control group was 67.7+9.1% of baseline value (Fig. 6.1

A). HFE caused reductions to 33.4—46.6%, which were
significant (P <0.0015) for the 200 and 500 mg/kg doses.
Maximal oedema for diclofenac was 6.29% of base-
line value, and total paw oedema over the 4 h period
was reduced to 10.9% of the control value (Fig. 6.1 B).
Reduction of oedema by HFE was significantly different
(P<0.02) from the control only for the 200 (39.0%) and
500 mg/kg (34.6%) doses.

On therapeutic administration, percentage mean
maximal oedema for the inflamed control group was
59.2+7.6% of baseline (Fig. 6.1 C). HFE reduced the
mean maximal oedema to 31.2—42.6% (P <0.04). Total
paw oedema over the 4 h period was reduced to 43.4—
66.6% of the control value (Fig. 6.1 D). Reduction by 200
and 500 mg/kg HFE were different (P <0.004) from the
inflamed control value and were comparable (P> 0.99) to
reduction by diclofenac.

Mediator-induced oedema
Percentage mean maximal histamine-induced oedema
for the saline-treated control was 70.9 £4.5% of baseline
(Fig. 7A). HFE caused a reduction to 46.9-54.5%. Total
paw oedema was reduced to 65.1-77.9% of the inflamed
control (Fig. 7B), significant only for 200 and 500 mg/kg
HFE (P <0.022). Inhibition of total oedema by chlorphe-
niramine (64.9%) was not significantly different (P> 0.54)
from inhibition by HFE.

Maximal oedema due to serotonin was 59.2+8.08%
for the control group. HFE reduced the percentage mean
maximal oedema to 15.8-28.2% (P<0.003) of baseline
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value (Fig. 7C). Total paw oedema was also reduced to
19.2-48.9% (P<0.003) of the control value (Fig. 7D).
Inhibition of oedema by HFE was not different (P> 0.38)
from inhibition by granisetron (27.3%).

Prostaglandin E, produced mean maximal oedema
754+1.5% of the baseline value, which was reduced
by HFE to 16.5-32.8%, P<0.001 (Fig. 7E). Total paw
oedema also reduced to 21.6-45.6% (P <0.001) of the
control value (Fig. 7F). Inhibition by diclofenac (10.1%)
was not different (P> 0.15) from inhibition by 200 and
500 mg/kg HFE.

Discussion

This report highlights the broad-spectrum anti-inflam-
matory activity of the hydroethanolic extract of H. flo-
ribunda stem bark (HFE). Different rodent models were
used to represent anaphylaxis and oedema due to dis-
tinct mechanisms of immune inflammatory response. In
the cutaneous anaphylaxis design used in this study, the
local allergic response to BSA is thought to be a type I
hypersensitivity response induced mainly by vasoactive
and pro-inflammatory mediators, primarily histamine
released from mast cells and basophils [36-39]. Like
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localized anaphylaxis, systemic anaphylaxis due to LPS
and compound 48/80 are also mediated through degran-
ulation of mast cells [40-43], followed by perturbation
of the membrane of other immune cells which allows
inflammation mediators to leak out into circulation [44].
HFE reduced cutaneous anaphylaxis (Fig. 1), and pro-
tected mice from mortality due to systemic anaphylaxis

or septic shock from compound 48/80 (Fig. 2) or LPS
(Fig. 3), respectively. Upon challenge with compound
48/80 which is potent at causing mast cell degranulation
[40, 44, 45], HFE at 500 mg/kg offered better protection
than sodium cromoglycate (50 mg/kg) in terms of sur-
vival duration (Fig. 2) and was observed to delay onset
of symptoms of shock and anaphylaxis. Together, these
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suggest that HFE may either be acting as (1) a mast cell
membrane stabilizer, similar to sodium cromoglycate, to
inhibit release of inflammation mediators and/or (2) an
antagonist of histamine and/or other inflammation medi-
ators released after mast cell degranulation.

LPS-induced anaphylaxis is mediated in its early stages
by cytokines, including IL-1a, IL-6 and IL-10, all of which
have short half-lives [46—48]. This is followed by stimu-
lation of mast cell degranulation after approximately
6 h of challenge [49]. Data from this anaphylaxis model
(Fig. 3) gave indication of the ability of HFE to interact
with the indicated cytokines and added to the evidence of
HFE interaction with mediators released from mast cells.
Mediators released from mast cells are critical to anaphy-
lactic shock, possibly explaining why mortality was not
recorded in this experiment until after the 6th hour of
LPS challenge (Fig. 3a & b). Whereas therapeutic admin-
istration of dexamethasone offered the highest level of
protection up to 48 h, relative to the HFE doses, prophy-
lactic administration (Fig. 3a) failed to protect beyond
24 h. Prophylactic administration of HFE afforded better
protection than dexamethasone in terms of duration of
survival throughout the 48-h observation period, as well
as overall survival rate. When administered 1 h prior to
challenge in the prophylactic model, blood dexametha-
sone levels may have peaked and began to drop even
before LPS challenge, leaving less than the concentrations
required for protective inhibition of expression/release
of inflammation mediators [50, 51]. In the therapeutic
model (Fig. 3b), blood dexamethasone levels would have
peaked approximately 90 min after challenge. Therefore,
cytokine involvement may already have occurred by the
time the treatment agent was introduced, and the inflam-
matory response would have started shifting toward
mediator synthesis and degranulation. Dexamethasone
is known to strongly inhibit histamine synthesis [52, 53].
This may explain the high rate of protection seen with
dexamethasone in the therapeutic model but not the
prophylactic. The low levels of dexamethasone available
after challenge in the prophylactic model may not have
interfered enough with the early-stage cytokine activ-
ity or inhibited histamine synthesis enough to protect
significantly from events post challenge. Unlike dexa-
methasone, any clearance of drug/extract that may have
occurred did not significantly affect the protective effect
of HFE in prophylactic administration since survival
rate was similar for all HFE prophylactic doses. Protec-
tion due to therapeutic administration of HFE (200 and
500 mg/kg) was not significantly different (p=0.5356
and 0.1740, respectively) from that of dexamethasone. It
has been demonstrated in a rat model that the pharma-
codynamics of dexamethasone is not different between
arthritic and healthy rats [54]. Therefore, the dynamics
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of protection offered by dexamethasone in this study is
unlikely to be attributable to adjusted physiology in the
arthritic state.

Anti-inflammatory agents may act to inhibit release of
mediators, including histamine, from proinflammatory
cells. This is achieved by causing increase in the surface
area volume ratio of cells through expansion of the mem-
brane, shrinkage of the cell, interacting with membrane
proteins or altering influx of calcium into the cells [40, 55,
56]. In the membrane protection/stabilization assay, HFE
demonstrated activity comparable to an equal concentra-
tion of acetyl salicylic acid (Fig. 4). This suggests that HFE
has potent membrane-stabilizing activity and may be
capable of interfering with mast cell degranulation.

Ability of HFE to affect histamine metabolism is
again indicated by the reduction in catalepsy observed
upon HFE administration in clonidine-induced cata-
lepsy (Fig. 5a-d). Unlike other catalepsy-inducing agents
such as haloperidol [57], clonidine stimulates histamine
release from mast cells, in a manner similar to compound
48/80 [58, 59]. The various stages of clonidine-induced
catalepsy have been established to parallel brain levels
of histamine [60], and the catalepsy may be inhibited by
histamine receptor 1 (H1R) but not H2R antagonists [59,
61]. Again, mediator-induced edema due to histamine
was inhibited by HFE (Fig. 7a), further demonstrating
the interaction between HFE and histamine metabolism.
It was expected that HFE effect on histamine-induced
oedema would be stronger than was observed in this
study. The moderate inhibition of oedema, however, sup-
ports the thinking that HFE effect on histamine metabo-
lism may not only be post-degranulation but may involve
suppression of production of the mediator.

Taken together, the strong HFE inhibitory activity on
LPS-induced septic shock, the strong membrane-stabiliz-
ing activity and data from the histamine-induced oedema
experiment suggest that (1) HFE may interact with
mediators of early stage LPS-induced anaphylaxis, such
as IL-1f, tumor necrosis factor alpha (TNF-a) and IL-6;
(2) even if HFE does not inhibit histamine synthesis, it is
be capable of inhibiting mast cell degranulation by mem-
brane-stabilizing activity; and (3) HFE may be interfering
with histamine signaling pre and post degranulation, and
interacting with histamine receptor H1R, as well as H4R
which has been shown to be a mediator in LPS-induced
inflammation [62]. In addition, we note that before the
24 h time point, even the lowest prophylactic HFE dose
offered better protection from LPS than dexamethasone,
indicating better suitability for prophylactic use. These
properties make HFE a potential candidate for use in
management of COVID-19-associated inflammation.

Among other cytokines and inflammatory mediators,
IL-1, -6, TNF-a and histamine have been strongly linked
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to COVID-19 severity and associated mortality [63-66].
Histamine plays a central role in acute inflammation and
anaphylaxis [67, 68]. Relevant to COVID-19, histamine
release from mast cells is known to mediate bronchoc-
onstriction [69-72], and has been implicated in the pro-
gression of oedema observed in COVID-19 pulmonary
disease [63]. Further supporting evidence of the primary
role of histamine in COVID-19 progression include early
symptoms such as anosmia, ageusia, skin rashes, neu-
ropsychiatric symptoms, silent hypoxia and cachexia,
all of which are consistent with dysfunctional histamine
signaling [73-75]. In Ghana, the most common symp-
toms include cough, headache, sore throat, myalgia and
anorexia (E. Oduro-Mensah, personal communication,
August 14, 2020), also linked to elevated histamine levels.
Interfering with histamine signaling after virus infection
may provide a means to inhibit progression of disease
and modulate the immune response to prevent mortal-
ity or severe morbidity from hyperinflammation [76].
In addition, the use of antihistamines can help reduce
SARS-CoV-2 transmission through droplets since anti-
histamines may suppress symptoms such as sneezing
and coughing [77]. With its demonstrated antihistamine
activity, prophylactic or therapeutic HFE administration
may contribute to inhibition of disease progression after
SARS-CoV-2 infection and reduction of spread. This
would be particularly useful in a low-income country like
Ghana where most people already depend on plant-based
remedies for management, treatment and/or prevention
of disease, including COVID-19.

Progression of oedema after administration of carra-
geenan is a biphasic event. In this study, however, only
the initial acute phase [78] whose mediators include
histamine, serotonin, kinins, leukotrienes, cytokines
and inducible cyclooxygenase (COX)-2 [20, 21, 79-82]
was monitored. Diclofenac which was used as the ref-
erence agent is considered a broad-spectrum NSAID
with multiple modes of action [83], and is known to be
a strong inhibitor of COX-1 and -2 among others [84,
85]. The anti-inflammatory effect of HFE is evident from
the oedema suppression in both the prophylactic and
therapeutic models. Diclofenac administration as a pro-
phylactic agent inhibited oedema by approximately 90%
whereas HFE inhibited by up to 65% (Fig. 6a). In the ther-
apeutic model, maximum oedema inhibition by HFE was
similar to inhibition by diclofenac (48%) (Fig. 6b). Also,
HEE strongly inhibited edema due to serotonin (Fig. 7b)
and prostaglandin E2 (Fig. 7c), demonstrating its abil-
ity to interact with multiple inflammation mediators
released from immune cells.

In this study, HFE has demonstrated both prophylactic
and therapeutic anti-inflammatory effects. Particularly
in relation to carrageenan-induced inflammation, this
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is significant due to a number of previous paradoxical
observations indicating that prophylactic inflammation
inhibitory effect of an agent does not necessarily imply
therapeutic effect and vice versa [86, 87]. This study was
limited to the use of different rodent models to represent
anaphylaxis and oedema due to distinct mechanisms of
immune inflammatory response in humans. Though
the models provide useful information with regards to
the effects of HFE on acute inflammation and anaphy-
laxis, the results may not directly mimic effects in other
animal species or human inflammatory disease [88, 89].
Predictions about human health will, therefore, require
validation through further experimentation and/or clini-
cal trials.

Based on our data, the observed HFE antihistaminic
activities are expected to be mediated in part through
interaction with the HIR and H4R receptors, both of
which play important roles in the progression and mod-
ulation of histamine-mediated conditions [90-92]. It
is considered also that the absence of acute toxicity at
5000 mg/kg bw adds to the evidence for usefulness of
HFE. Further, having both prophylactic and therapeu-
tic inhibitory activities suggests that HFE is capable of
interaction with other key mediators of mechanisms
that underlie different pathways of inflammation devel-
opment. Specific investigations into HFE interaction
with signalling intermediates pertinent to modulation
of the inflammatory response, including relevance to
COVID-19, are warranted. Some anti-inflammatory
agents, including dexamethasone, hydroxychloroquine
and famotidine, have shown utility in COVID-19 man-
agement. Famotidine is an anti-inflammatory antihista-
mine whose usefulness against COVID-19 is evidently
not achieved by antiviral activity [63, 93] Hydroxychloro-
quine on the other hand is a DMARD whose usefulness
in COVID-19 management is suggested to be both anti-
inflammatory and antiviral [94, 95].

Conclusion

HFE has broad-spectrum anti-inflammatory activity,
as seen by its comparable activity to the several agents
used as standards in this study. The data provide evi-
dence that HFE has anti-anaphylactic and anti-oedem-
atogenic effects: possibly through interference with
histamine, serotonin and prostaglandin E, signalling,
as well as interaction with several other factors which
mediate development and progression of inflammation.
Inquiry to elucidate the mechanism(s) of action of HFE
is warranted.
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