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Abstract: This study presented the analgesic and safety assessment of Heliotropium indicum, a plant
traditionally used for the management of abdominal pains, dysmenorrhoea and post-labour inflammatory
conditions in Ghana using formalin-induced pain model in mice. For comparison of analgesic effect, morphine
(1-10 mg kg™ and diclofenac sodium (1-10 mg kg ") were used as a reference opicid and NSAID, respectively.
The aqueous and ethanclic extracts (30-300 mg kg™') dose-dependently mhibited both the first and second
phases of the formalin-induced nociception. Oral doses of the aqueous extract (1-5 g kg™ in imprint control
region mice were well tolerated in acute toxicity studies; however a 14-day oral administration of 1-2 g kg™' of
the extracts i sprague-Dawley rats produced pathologic effects on the heart, kidney, liver and lungs. Therefore,
although the aqueous and ethanolic extracts of H. indicum have analgesic activity, it could have a cumulative
toxic effects hence prolonged and continuous use is not advised.
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INTRODUCTION

Pain is an unpleasant feeling in response to acute
tissue ijury that induces the release of pain mediating
substances like histamime, serotonin and substance
(Ronald and Miller, 2005; Khoshraftar et al., 2011). It may
indicate an underlying pathological process (Baig ef al.,
2009) and can sigmficantly interfere with a person's
quality of life and general functioning (Breivik, 2008). Pain
can be classified as nociceptive and neuropathic.
Nociceptive pain refers to the discomfort that results
when a stimulus causes tissue damage to the muscles,
bones, skin or nternal organs. When most people think of
pain, they think of nociceptive pain. Pain is the most
common reason for physician consultation in the United
States (Turk and Dworkin, 2004), a situation simailar to that
of Schim and Stang (2004). Pain 1s managed by opioid or
non-opioid  analgesics  and  non-steroidal  anti-
inflammatory drugs. These analgesics may be; available
only to the urban dwellers, affordable to a mmority of the
population and associated with several adverse effects
(Troanya et al., 2010). The study of plants that have been
traditionally used as a painkiller should be seen as a

fruitful and logical research strategy, m the research
for new analgesic drugs (Elisabetsky et al, 1995;
Khaksarian et al., 2003).

One plant documented as being used extensively in
traditional medical practice 18 Heliotropium indicum Linn
(Family: Boraginaceae) commonly known in English as
“Cock’s comb” and called locally m Ghana as “Akonfem
atiko” (Aken-Asante) (Burkill, 1985). Thus plant 1s widely
distributed in West Africa, India and the Phillippines. It's
leaves have traditionally been used in medicine as
abortifacients, ecbolics; antidotes (venomous stings,
bites), arthritis, rheumatism, etc., eye treatments;
fabrifuges; generally healing; naso-pharyngeal affections;
pain-killers; paralysis, epilepsy, convulsions, spasm;
pregnancy, antiaborifacients; skin, mucosae, vermifuges.
The whole plant has activity against diarrhoea, dysentery;
tumours and cancers and venereal diseases (Burkall, 1935,
Ainslie, 1937, Dalziel, 1937, Quisumbing, 1951;
Oliver, 1960; Trvine, 1961; Kugelman et al, 1976;
Burkill, 1985).

Although, H. indicum has been widely used
traditional in medicine, there is virtually no scientific
investigation into its use as an analgesic. It is in light and
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in the quest for finding new and effective and affordable
analgesics that the analgesic property of H. indicum 1s
being investigated m ICR mice. Also, because of some
reports linking H. indicum to toxic mamfestations in
broiler chicken in Australia with the disease characterized
by depression, ascites and hepatic degeneration
(Pass et al., 1979) 1t 1s important that direct evidence be
sought to ascertain its safety for use since it is
extensively used in Ghana for many indications.

MATERIALS AND METHODS

Plant collection: The aeral parts of H. indicum were
collected from Buokrom, a suburb of Kumasi (the capital
of the Ashanti Region), Ghana, in September (2007) and
authenticated by the Curator (Mr. Adator K. Brown) of
the Department of Theoretical and Applied Biology,
College of Sciences, KNUST, where a voucher specimen
(KNUST/ BSC / F621) has been deposited.

Animals and husbandry: Four-week old Imprint Control
Region (ICR) mice obtained from the Department of
Pharmacology, Animal House were housed stainless
steel wire mesh cages and allowed to acclimatize with
the laboratory environment over a two-week period.
During this period, mice were observed (physical; in-life)
and weighed daily. Individual weights of mice placed
on test were within +22% of the mean weight wlich
was 30 g The females were nulliparous and
nonpregnant. The mice were kept under ambient
light/dark cycle, room temperature and relative humidity.
The animal had free access to pelleted mice chow
(GAFCO, Tema, Ghana) and water.

Preparation of the ethanolic extract (HIE®) and the
aqueous extract (HIE®) of H. Indicum: Sun-dried aerial
parts of H. indictim were comminuted to coarse powder
by a hammer mill. A 500 g quantity of the powder was cold
macerated with 4 L of 70% alcohol m a glass-stopped flask
for three days. The macerate was filtered to obtain a
dark-brown filtrate. A Buchi Rotor Evaporator (Rotavapor
R-210, Switzerland) was used to retrieve the alcohol
leaving a dark-brown liquid which was dried in a
Gallenkamp hot air oven (Oven 300 plus series, England).
The percentage vield was 13.5%. This extract will be
referred to in this study as HIE®. A 600 g quantity of the
coarse powder was also mixed with 5 L. of water and
warmed for 15 min. The infusion was filtered to obtain a
dark-brown filtrate, concentrated by evaporation over a
hot water bath and later in a hot air-oven at 60°C untl a
constant weight was obtamed. It was cooled in a

desicator to yield dark-brown solid extract which was
named HIE* and will be referred to in this study as such.

Preliminary phytochemical screening: HIE® and HIE #
presence of alkaloids,
cyanogenic glycosides, tannins, saponins and steroids as
described by Sofowora (1993), Harborme (1998) and
Trease and Evans (1989).

were screened for the

Formalin-induced nociception: The formalin-induced
nociception was camried out as  described by
Malmberg and Yaksh (1992) and Okokon et al. (2008).
Experimental ammals were put into thirteen groups
with five per group. The groups were treated with
either 30, 100 and 300 mg kg of HIE® or HIE* per os,
1, 3, 10 mg kg' of morphine intraperitoneally, or
1.3 and 10 mg kg~ diclofenac intraperiteneally. A vehicle
treated group was the controls. Thirty to sixty min after
drug treatment, nociception was induced by a
subcutaneous injection of 0.1 mI. of 5% formalin into the
plantar tissues of the right hind paw of animals. Each
animal was placed a perspex test chambers of dimensions
15%15%15 cm for observation for nociceptive behavior
seen as licking and biting of the injected paw.

To observe and record the behavior of mice following
the mjection of formalin, a muror was placed at 45°
beneath the test chambers for inobstructive viewing of
the ammals and the nociceptive behaviors recorder for 60
min with a camcerder (Evario™ medel GZ-MG1300, IVC,
Tokyo, Japan) positioned mn front of the mirror. With the
aid of a movement tracking software, IWatcher™ Version
1.0 (University of California, Los Angeles, USA and
Macquarie University, Sydney, Australia), nociceptive
responses of each ammal in each group were scored. The
average nociceptive score for each time block was
calculated by multiplying the frequency and duration of
time spent licking the injected paw. Data was expressed as
the mean scores between 0-10 and 10-60 min after the
induction of nociception.

Toxicity studies: Following similarity m the analgesic
effect of HIE® and HIE*(with HIE* having more significant
effect than HIE®) and constraints with laboratory animal
usage, the toxicity studies (i.e., acute and sub-acute tests)
were investigated with HIE®

Acute toxicity test: TCR mice were placed into five groups
with five animals in each group. The first four groups were
given either 1, 2, 4 and 5 g kg™, per os of HIE* The last
group was vehicle treated and was the control group. The
ammals 1 each group were observed hourly for 24 h for
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acute toxicity symptoms such as changes in movement,
salivation, respiratory pattern and frequency and
consistency of stool, or mortality.

Sub-acute toxicity study: Four groups with five
Sprague-Dawley rats i each group were used. Animals in
the first three groups were dosed daily for fourteen days
with either 0.5, 1 and 2 g kg™, per os, HIE® The last group
was vehicle-treated group which served as control.
Amimals in each group were weighed before drug
administration and on the seventh and fourteenth day of
drug-treatment. Changes in body weights between the
first, seventh and fourteenth days were recorded.

Blood samples were collected on the day-14 from
amimals i each group (by cardiac puncture) into
ethylenediamine tetra-acetic acid (EDTA) tubes for
haematological analysis using Sysmex haematology
autoanalyzer (Model: KX-21N, Kobe, Japan) at the
KNUST Hospital laboratory. The lung, liver, kidney and
heart were collected, weighed and preserved in 10%
phosphate buffered formalin for histopathological studies
at the Department of Pathology, Komfo Anckye Teaching
Hospital, Kumasi, Ghana. The organ-to-body weight
ratios were determined.

Statistical analysis: GraphPad Prism Version 5.0 for
Windows (GraphPad Software, San Diego, CA, UUSA) was
used for all statistical analyses and plotting of the graphs.
Data are presented as Mean+SEM and analyzed by One-
way ANOVA followed by Dummett’s multiple comparison
(post-hoc) test. p<0.05 was considered statistically
significant in all analysis.

RESULTS

Phytochemical screening: Phytochemical screening of
HIE® and HIE* reveal the presence of alkaloids,
cyanogemc glycosides, tammins, saponins and steroids.

Formalin-induced nociception test: The response to pain
was biphasic comprising an mitial intense response to
pain begmning inmediately after formalin mjection and
rapidly waning within 10 min (first phase). The first phase
was then followed by a slowly rising but longer lasting
response from 10-60 min after formalin injection with
maximum effect at approximately 20-30 min after formalin
injection {(second phase). Administration of HIE* and HIE*
inhibited significantly (p<0.05-0.01) both first and second
phases of formalin-induced nociception (Fig. 1, 2) similar
to effects extubited by diclofenac and morpline which
were also significant inhibitions (p<0.05-0.01) (Fig. 3, 4).
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Fig. 1(a-b): Effect of HIE® (30-300 mg kg~ p.o.) on (a) the
time cowrse and (b) the total nociceptive
score calculated as area under the time-course
curve (AUC) over both phases of formalin-
mduced nociception 1 mice. Each
point/column is the Mean+SEM (n = 5). The
significant differences between the treated
and the control are indicated by *p<0.05 and
**p<0.01 (One-way ANOVA followed by
Dunnett’s multiple comparison test)

Analysis of the area under the time course curves (AUC)
for HIE® and HIE®, morphine and diclofenac sodium
revealed a dose-dependent effect.

Toxicity study: Administration of HIE* did net cause
mortality in experimental ammals over the twenty four
hours period of the acute toxicity. However mice in the
4 and 5 g kg™ HIE*treated groups initially displayed low
spontaneous activity which waned after two hours. Tn the
subacute toxicity study, none of the experimental animal
died over the fourteen-day period. However, animals that
received doses 1 and 2 g kg ™' of HIE* showed prostration
from day 9-14 and were most of the time found gathered



Int. J. Pharmacol., 2012

(a) —e— 30 mgkg ' HIE
30 - —m— 100 mgkg ' HIE*
—1— 300 mgkg ' HIE*
3 —O— Control
=}
2 60 -
o
2
a
8 40
3
Z
20
0 -
r T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)
1500 1
- (b) W Phase |
8 m Phase 2
<
£
1000 T
2l
5
2
o
2
a
87500 1
3
<
E e ko
ﬁ s$okok d kK
* *kk
0
30 100 300

HIE* (mg kg™")

Fig. 2(a-b): Effect of HIE*(30-300 mg kg™ p.o.) on the (a)
Time course and (b) The total nociceptive
score calculated as area under the time-course
curve (AUC) over both phases of formalin-
induced nociception 1n  mice. Each
point/column is the MeantSEM (n = 5). The
significant differences between the treated
and the control are indicated by *p<0.05 and
*¥%p<0.001 (One-way ANOVA followed by
Dunnett’s multiple comparison test)

together at the comers of the aluminium cages m which
they were kept. The behavior and appearance of the
0.5 g kg™ HIE*-treated animals were comparable to those
of the control group over the entire fourteen-day period.

Change m body weight of HIE®*-treated animals
between the first, seventh and the fourteenth day was not
significantly different (p=0.03) from that of the control
group. There was no significant change (p=0.05) in the
wet weights of the heart and liver of HIE*treated mice
compared to control. However, the wet weights of the
lungs and kidney of HIE*-treated mice showed significant
increase (p<0.05-0.01) as compared to those of the
control mice (Fig. 5). Investigations on haemoglobin
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Fig. 3(a-b): Effect of diclofenac sodium (1-10mg kg~ i.p.)
on (a) The time course and (b} The total
nociceptive score calculated as area under
the time-course curve (AUC) over both
phases of formalm-induced nociception in
mice. Each point/column is the Mean+SEM (n
= 5). The sigmficant differences between the
treated and the control are mdicated by
*p<0.05, **p<0.01 and ***p<0.001 (One-way
ANOVA followed by Dunnett’s multiple
comparison test)

concentration, RBC count, WBC count and platelet
concentration in hematological analysis did not show
significant changes (p>0.05) between the control and
HIE*treated animals (Table 1).

Histopathology: Histopathological examination reports on
the liver of HIE*treated Sprague-Dawley rats from the
KATH Pathology Department indicated marked vascular
congestion with mild architectural distortions, mildly
diffused focal chronic
inflammation with predominantly lymphocytic infiltration
(Fig. 6). The lungs showed marked progressive changes
of diffused alveolar haemorrhage and extensive oedema

vesicular steatosis and
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Table 1: The effects of a 14-day oral administration of 0.5, 1.0 and 2.0 g ke~! HIE* on the haematological profile of Sprague-Dawley rats

HIE* Treatments
Parameters Control 0.5 gkg™! 1.0gkg™! 2.0gkg™
WBC (x10° L™ 3.40+£0.332 4.625+0.691 3.875+0.149 3.5£0.402
HGB (g dL™) 15.15+0.2533 15.45+ 0.4664 15.25+0.2327 15.85+0.2255
RBC (x102 LY 8.547+0.198 8.38+0.478 T7.755+0.182 8.128+0.102
PLT x10° 1L7hH 619.25+70.2 756.0+£34.907 618+49.25 642 £13.979

Values are Means+8EM (n = 5). There were no significant changes (p=0.03) in measured parameters between the control and the treatment groups. The level
of significance was established using One-Way Analysis of Variance (ANOVA) followed by Dunnett’s multiple comparison’s test
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Fig. 4(a-b): Effect of morphine (1-10 mg kg~ 1.p.) on(a)
The time course and (b) The total nociceptive
score calculated as area under the time-
course curve (AUC) over both phases of
formalin-induced nociception in mice. Each
point/column is the MeantSEM (n = 5). The
significant differences between the treated
and the control are indicated by *p<0.05 and
**%p<0.001 (One-way ANOVA followed by
Dunnett’s multiple comparison test)

with rupture of inter alveolar septae and also bullae
formation (Fig. 7). The ldney
congestion in the glomeruli with patchy focal chronic
inflammation (Fig. 8) while the heart indicated diffused
single cell necrosis with mild diffused
inflammation (Fig. 9).
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Fig. 5. The effect of a 14-days oral administration of HIE*
(05-2 g kg™ on the wet organ weights of
Sprague-Dawley rats. Each column represents the
MeantSEM (n = 5). Significant changes in the
mean of organ weights of treated ammals
compared to the controls was established using
One-way Analysis of Vanance (ANOVA) followed
by Dunnett’s post-hoc test. ns implies *p<0.05
**p<0.01 and ***p<0.001, ns: Not sigmficant

DISCUSSION

The outcome of this study provides evidence that
extracts of H. indicum possess analgesic properties but
must be used with care. Extensive documentation on the
use of natural compounds with different mechanisms of
action can be used to treat diverse diseases (Rios et al.,
2009), especially from plants being used for such
purposes. A number of plants traditionally used exhibit
pharmacological properties with great potential in
therapeutic applications (Da Rocha ef al., 2011). Both HIE®
and HIE"* exhibited analgesic properties in the formalin
test similar to diclofenac and morphine used as positive
controls. Widely used, the formalin test 13 a tome model
of continuous pain resulting from formalin-induced tissue
igury. It 15 a useful model, particularly for the screening
of novel compounds, since it encompasses inflammatory,
neurogenic and central mechanisms of nociception
(Ellis et ai., 1998). Results from the formalin test are
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Fig. 6(a-d): Photomicrographs of the transverse section of the liver of HIE*-treated rats. (a) is the control. b, ¢ and d
are for Sprague-Dawley rats treated with 0.5, 1 and 2 g kg™! of HIE®, respectively over a period of 14 days.
There is marked vascular congestion with mild architectural distortions Magnification: X400, Stain:

Hematoxylin and Eosin

Fig. 7(a-d): Photomicrographs of the transverse section of the lungs of HIE#-treated rats. (a) is the control. b, ¢ and d

are for Sprague-Dawley rats treated with 0.5, 1 and 2.0 gkg ' of HIE®, respectively over a period of
14 days. There is diffused alveolar haemorrhage and extensive oedema with rupture of inter-alveolar

septac. Magnification: X400, Stain: Hematoxylin and Eosin
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Fig. 8(a-d): Photomicrographs of the transverse section of the kidneys of HIE*-treated rats. (a) is the control. b, ¢ and d

are for Sprague-Dawley rats treated with 0.5, 1 and 2.0 gkg ™' of HIE®, respectively over a period of
14 days. There is vascular congestion in the glomeruli with patchy focal chronic inflammation.
Magnification: X400, Stain: Hematoxylin and Eosin

Fig. 9(a-d): Photomicrographs of the transverse section of the heart of HIE*-treated rats. (a) is the control. b, ¢ and d
are for Sprague-Dawley rats treated with 0.5, 1.0 and 2.0 g kg ! of HIE*, respectively over a period of
14 days. There is diffused single cell necrosis with mild diffused chronic inflammation. Magnification:
X400, Stain: Hematoxylin and Eosin
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usually better than those using mechanical or thermal
stimulus (Tjolsen et al., 1992; Woode ef al., 2009a). The
test consists of two distinct phases; acute and chronic
phase (Mohajer et al., 2006, Zakaria et al, 2006;
Mokhtari et al, 2007; Ibironke et al, 2009). The first
transient phase (neurogenic pain) i1s caused by the direct
effect of formalin on sensory C-fibers and it 15 inhibited by
while the second prolonged phase
(inflammatory pain) is associated with the development of
an inflammatory response and the release of nociceptives
mediators (Woode et al, 2009b). The second phase is
inhibited by nonstercidal anti-inflammatory  drugs,
narcotics and corticosteroids (Yaksh ef al., 2001). The
analgesic properties of HIE® and HIE* observed may
possibly be due to the mhibition of the direct effect of
formalin on c-fibre nociceptors as well as mhibition of the
synthesis and/or release of inflammatory pamn mediators
assoclated with tissue injury (Da Rocha et al., 2011).

H. indicum was found to contain pyrrolizidine
alkaloids, tannins, steroids and saponins which was in
conformity to that reported by Burkill (1985). Contrary to
the beneficial effects of these compounds in the leaves as
analgesic, they may pose treat to human beings and
animals that may use the leaves as a delicacy or medicinal.
The hepatic injury associated with the administration of
the HIE* in this study may be due to the presence of
compounds such as pymolizidine alkaloids. Indeed
pymrolizidine alkaloids have been umplicated m liver
damage, a form of hepatic-veno occlusive disease,
(Klaassen, 2001). In Afghamstan, there was an epidemic
of hepatic-veno occlusive disease from consumption of a
wheat crop contaminated with seeds of a species of
Heliotropium (Tandon ef al., 1978), the climical signs
assoclated with the liver damage resemble those of
cirrhosis and some hepatic tumors and may be mistaken
for those conditions (Mcdermott and Ridker, 1990). The
clinical condition had been described as a form of

narcotics

Budd-Cluari Syndrome with portal hypertension and
obliteration of small hepatic veins (Ridker ef al., 1985).
Damage to hepatocytes has been proposed to be due to
the formation of pyrrole metabolites from Pyrrolizidine
alkaloids by liver microsomal oxidation, with cross
linking of DNA strands by the pyrrole metabolites
(Carballo et al, 1992). Pyrrolizidine allkaloids produce
necrosis or inhibition of mitosis depending on the dose
but independent of the route of administration (Bull et al.,
1968). The diffused alveolar haemorrhage and extensive
oedema with rupture of inter alveolar septae observed in
the lungs, vascular congestion in the glomeruli with
patchy focal chronic inflammation mn the lungs as well as
diffused single cell necrosis with mild diffused chronic

inflammation in the heart underscores the need to exercise
caution when using H. indicum in the treatment of
diseases.

CONCLUSION

Aqueous and ethanolic extracts of H. indicum
exhibited analgesic properties in the neurogenic and
inflammatory phases of the formalin test providing
scientific evidence to the use of the plant as analgesic.
The aqueous extract was however toxic in animals
warranting the need to exercise caution when using the
plant for medicinal purposes
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