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Background: The roots of Impatiens rothii has been used as a traditional remedy for painful conditions, rheumatism, isthmus and
crural aches. However, the analgesic and anti-inflammatory properties of this plant have yet to be scientifically confirmed. The purpose
of this study was to explore possible analgesic and anti-inflammatory activities 80% methanolic root extract of Impatiens rothii.
Methods: To obtain the crude extract, the roots of Impatiens rothii that had been dried and ground up were macerated in 80%
methanol. The analgesic activity was determined using acetic acid-induced writhing and hot plate tests in mice, whereas the anti-
inflammatory activity was analyzed using carrageenan-induced paw edema model in rats. The extract was orally administered at a dose
of 100, 200 and 400 mg/kg.

Results: All tested doses of Impatiens rothii extract showed significant analgesic activity (p<0.05) at observations of 30 to 120
minutes compared to the negative control in the hot plate test. In acetic acid-induced writhing test all tested doses of the 80% methanol
extract of Impatiens rothii significantly (p < 0.001) reduced the number of writhing. In comparison to the control group, all tested
doses displayed a significant decrease in paw edema, which appeared 2—5 hours after induction (p<0.05).

Conclusion: From the results of this study, it can be stated that 80% methanolic extract of Impatiens rothii possessed substantial
analgesic and anti-inflammatory activities, hence providing scientific basis for the use of this plant in the treatment of pain and
inflammatory diseases.
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Introduction
Overview of Pain and Inflammation

The international association for the study of pain defined pain as an unpleasant sensation and emotional experience
brought on by actual or probable tissue injury or something that is equivalent of such damage." Although pain is
unpleasant, it also serves as a valuable mechanism for promoting healing since it compels the sufferer to rest the injured
area and seek medical attention.” Thirty percent of adult population is influenced by pain and inflammation, which are the
most difficult and debilitating health problems worldwide.? Pain can be mild, moderate, severe, sharp, burning, transient,
intermittent, persistent and referred.* The prevalence of chronic pain in the general population of developing countries
was found to be 18%.> Opioids, non-opioids (mainly non-steroidal anti-inflammatory drugs (NSAIDs)), anticonvulsants,
antidepressants, cannabinoids, and topical agents are medications used to treat both acute and chronic pain.’
Inflammation is a dynamic process of cellular and plasma-derived events associated with infection and tissue injury.
Redness, swelling, heat and hyperalgesia are the common signs of inflammation.” It is the body’s biological defense
mechanism to cell damage and tissue injury. Many pro-inflammatory mediators lead to pain and edema during

inflammation at the site of injury.® Increased vascular permeability, capillary infiltration, emigration of leukocytes,
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infiltration of mononuclear immune cells, macrophages, monocytes, neutrophils, fibroblast activation, proliferation and
fibrosis leads to inflammation.” NSAIDs can help to reduce the negative consequences of inflammation.” Many
inflammatory diseases, such as inflammatory arthritis, systemic lupus, sarcoidosis, and asthma, are treated with the use
of glucocorticoids.'”

The long-term use of NSAIDs is associated with cardiovascular, gastrointestinal, respiratory, and renal toxicities.'!
They also caused hepatic injury, platelet inhibition, hormonal disturbance, physical dependence, tolerance, and addiction
problems."" The use of corticosteroids also leads to hyperglycemia, hypertension, osteoporosis, and growth arrest.'? Only
50% of individuals can have complete pain relief with analgesics, especially opioids and NSAIDs."* As a result, it is
essential to intensify research on medicinal plants that might be used to treat painful and inflammatory conditions.

Plants have long been used as traditional medicine for many years.'* Plants are medicinally useful due to the presence
of secondary metabolites.'> Prototype molecules are derived from plants for possible development into conventional
drugs by the pharmaceutical industry. However, few types of plants have been investigated scientifically so far, but,
human kind has already got different benefits from them.'® Medicinal plants have been used for the management and
prevention of different diseases along with epidemics starting from the Vedic era up to now. Most of them have anti-
oxidant, anti-inflammatory, insecticidal, anti-parasitic, antibiotic, anti-hemolytic properties due to secondary
metabolites.'” World Health Organization reports show that 80% of the population in the developing countries depends
on traditional medicines for their primary health care needs.'® This is due to the availability of traditional healers and
local pharmacopeias, the relative affordability of herbal medicines, and the lack of access to modern medical facilities."”

The genus Impatiens is perennial and herbs with an average of 2040 cm in length. The stems are succulent-fleshy
and flowers are white, pink, orange and purple colors.?’ Leaves are usually alternately arranged along the stem. The seeds
are scattering because the ripe seedpod bursts upon slight pressure.?' The genus Impatiens used as a traditional medicine
for painful conditions, rheumatism, fractures, superficial infections, bruises, beriberi and fingernail inflammation.?**
The stems and roots of Impatiens treat lumbago, neuralgia, burns and scalds in traditional Chinese medicine.** Asian
people used this genus for the prevention of rheumatism, inflammation of nails and treatment of fractures.?® In Ethiopia,
it is locally known as Buri (Afan Oromo) and Gesherit (Amharic). It is used for stomach problems,” fire burn,"
inflammation,®® cellulitis?” and wound.”® Anthraquinones, naphthoquinone, triterpenoid saponins, phytosteroids, flavo-
noids, coumarins, phenolic acids, anthocyanins and volatile oils were isolated from the genus Impatiens.>******° Even if
the traditional healers have asserted roots of Impatiens rothii has analgesic and anti-inflammatory effects, but to the best
of our knowledge, no studies have been done on its anti-nociceptive and anti-inflammatory properties. Consequently, it is
essential to perform scientific research on the analgesic and anti-inflammatory effects of this plant.

Materials and Methods

Materials and Equipment

Rotary evaporator (Heidolph, Germany), digital plethysmometer (Ugo Basile - Cat no 7140, Italy), analgesiometer, tissue
drying oven, electronic balance (KERN-ALJ 220-4, Germany), cotton swab, oral gavage, hot plate (Ugo Basile 720),
lyophilizer (OPERON, OPR-FDU-5012, Korea), and whatman filter paper no.1 were used in the experiment.

Drugs and Chemicals

Analytical chemicals and drugs used in the study was aspirin, morphine, indomethacin (Cadila, Ethiopia), methanol
(Carlo Erba, Italy), carrageenan (Sigma Aldrich, Germany), acetic acid solution (Basell, India), chloroform, distilled
water (DW), 2% tween 80 (Sigma Aldrich, Germany), and normal saline.

Plant Materials Collection and Extract Preparation

The roots of Impatiens rothii were collected from Machakel woreda, East Gojjam Zone, Amhara regional State, around
327 km North of Addis Ababa. Taxonomic identifications were established by Mr Melaku Wondaferash at the National
Herbarium, Department of Plant Biology and Biodiversity Management, Addis Ababa University and specimens were
deposited with a voucher number AD 002.
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The roots were scrubbed clean of dust and debris, gently washed with water, and reduced to a coarse powder and air dried
under shade at room temperature for two weeks. The dried root materials were then ground in to powder using mortar pestle. The
dried root powder (200g) was macerated in 80% methanol with occasional shaking using mini orbital shaker at 120 rpm three
times for 72 h. The mixture was filtered first using nylon cloth and then by Whatman filter paper no.1. Then the filtrates were
evaporated under reduced pressure set at 40 °C in rotary evaporator 45 rpm and 40 °C. Using a lyophilizer, the extract was further
concentrated to dryness at —40 °C. Then, the crude extract was weighed and stored in a refrigerator with air tight plastic containers
until used.

Experimental Animals

Healthy Swiss albino mice (20-30g), rats (180-300 g), aged 68 weeks were used for analgesics and anti-inflammatory study,
respectively. Both male and female mice and rats were used for the main study. Only female mice were used for the acute
toxicity study. Mice were obtained from the animal house of the department Pharmacology and clinical Pharmacy, School of
Pharmacy, Addis Ababa University while rats from the animal house of Ethiopian public health institute (EPHI). The animals
were housed in plastic cages at room temperature on a 12 h light—dark cycle with free access to pellet food and water ad libitum.
They were acclimatized for a week before the start of the experiment. All studies were carried out in agreement with
international guideline®® and approval was done by ethical review committee of School of Pharmacy, Addis Ababa University.

Animal Grouping and Dosing

For the analgesic and anti-inflammatory activity test, mice and rats of both sexes were randomly allocated into five
groups, each consisting of six animals; one negative control, one positive control, and three test groups. Distilled water
(DW), 10 mL/kg in volume, was given to the first group as a negative control. The second group was designated as the
positive control and given standard medications (morphine 20 mg/kg for the hot plate method, aspirin 150 mg/kg for the
acetic acid-induced writhing, and indomethacin 10 mg/kg for the carrageenan-induced paw edema model). The other
three groups (test groups) were given oral doses of the 80% crude extract at varying doses (100, 200, and 400 mg/kg).

Acute Toxicity Study

Acute oral toxicity study was conducted in accordance with the internationally recognized protocol of Organization for
Economic Cooperation and Development (OECD) Guideline 425.%° Fasted female albino mice that were between 6 and 8
weeks old were used for the toxicity study. In the initial screening test, a single female mouse was administered 2000 mg/kg
of the extract as a single dose to determine the starting dose. Four additional mice received the same dose of extract as there
was no death within the first 24 hours. The animals were observed for the first four hours at 30 minutes interval, and then
for the next 14 days at intervals of 24 hours. They were observed for general toxic signs and symptoms, such as changes in
skin and fur, somatomotor activities and behavioral patterns, eyes and mucous membranes, diarrthea and salivation,
convulsions and tremor, food and water intake, weight loss, lethargy, paralysis and mortality.

Evaluation of Analgesic Activity of the Extract
Hot Plate Method

This test was carried out to evaluate the central analgesic activities of Impatiens rothii root extract. Pain was induced by
placing the mice on a hot plate maintained at 55 £1 °C. The latency time was determined when the mice reacted to the
thermal pain by licking their paws or jumping. The reaction time was measured at 0 min, 30, 60, 90 and 120 min after the
administration of the extracts. The cut-off time was 15 sec to avoid any injury to the tissues of the paws. The percentage

analgesia was calculated as follows:'?

. Latency time for test — Latency time for negative control
% Analgesia = Y Y g * 100

Latency time for the test
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Acetic Acid-Induced Writhing Method

The peripheral analgesic activity of root extract of Impatiens rothii was determined by the acetic acid-induced writhing

test. Mice of either sex were given varying doses of the crude extract, a vehicle (negative control) and aspirin 150 mg/kg
(positive control). One hour later, all of the animals in their respective groups received intraperitoneal injections of 0.6%
acetic acid (10 mL/kg). The analgesic activities of the crude extract was measured five minutes after the acetic acid
injection by counting the numbers of writhing, which is characterized by contraction of the abdominal muscle together
with stretching of the hind limbs for 30 minutes. The percent reduction in the number of writhes relative to the control
group was used as an index of analgesia and calculated by the following formula;*'

mean no.of writhes(control) — mean no.of writhes(treated)
mean no.of writhes(control)

% analgesic activity = * 100

Evaluation of Anti-Inflammatory Activity of the Extract

Carrageenan-Induced Mice Paw Edema

Carrageenan-induced rat hind paw edema was used as the animal model of acute inflammation. Carrageenan (1% w/v
carrageenan in normal saline, 100 puL) was injected into the right hind paw of the rat to produce acute inflammation. Before
induction of inflammation, the paw was labeled with ink at the lateral malleolus. Carrageenan (1%, 0.1mL) was injected into
sub-plantar tissue of the right hind paw of each rats one hour after oral administration of the crude extract, the vehicle and the
standard drug. The paw volume was measured using plethysmometer immediately after injection of carrageenan at 0, 1, 2, 3, 4

and 5h. The percent inhibition of edema was calculated in comparison to the control rats using the formula below.>'

PEC — PET
—X

1
PEC 00

% Edema inhibition =

Where; PEC paw edema in control group, PET paw edema in test group

Statistical Analysis

Data were analyzed using statistical package for social science (SPSS) software version 25. The results were presented as
mean + standard error of the mean. Means of all parameters among groups and within a group were compared using one-
way ANOVA followed by Tuckey’s post hoc multiple comparison test. P-values < 0.05 were considered statistically
significant. The analyzed data were then presented by tables and graph as necessary.

Results
Acute Toxicity Study

The acute oral toxicity test of 80% methanolic root extract of Impatiens rothii at a dose of 2000 mg/kg revealed no gross
behavioral alterations, toxic effects or mortality within 24 h and in the next 14 days. In accordance with the Limit Test at
2000 mg/kgl ofOECD guideline 425, it can be determined that the oral LD50 of 80% methanolic root extract is higher
than 2000 mg/kg in mice. As a result, the finding indicates that the extract is safe.

Analgesic Activity of the Crude Extract of Impatiens Rothii
Hot Plate Model

From 30 to 120 minutes of observation, all tested dosages of Impatiens rothii extract exhibited a significant analgesic
effect (p < 0.05) when compared to the negative control. The extract’s higher dose (400 mg/kg) had a greater effect than
the lower dose (100 mg/kg). At all observational intervals, the latency delayed by the three doses of the extract was
significantly smaller (p < 0.05) than that of Morphine (20 mg/kg). The crude extract of Impatiens rothii at 100, 200, and
400 mg/kg doses showed the maximum analgesic effect at 120 minutes, with values of 53.03%, 64.3%, and 68.2%,
respectively (Table 1)
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Table | Analgesic Effect of 80% Methanol Extracts of Impatiens Rothii in Hot Plate Test

Treatment Group Hot Plate Latencies in Sec. (MeantSEM)

0 Min 30 Min 60 Min 90 Min 120 Min
DW 10mL/kg 2.04 +0.03 231+ 027 2.37+ 0.28 2.45 + 0.20 2.55£0.18
MP 20mg/kg 2.51 £0.22 829 % 0.59 (68.3) % 8.32 & 0.39 (71.5)¥ckde 9.48 % .12 (74.2)>< 11.66 % 0.71 (78.5) ke
CE 100mg/kg 2.59 + 0.24 3.70 £ 0.17 (37.6)™xd* 4.03 £ 0.28 (41.3)xdfex 4.56 £ 0.25 (46)0xdFH 5.43 £ 0.20 (53.03)0#x
CE 200mg/kg 2.32 £0.10 5.02 + 0.22 (53.9)%%* 5.31 & 0.22 (55.4)u0xe# 6.18 % 0.15 (60.4)>>#<# 7.16 + 033 (64.3)%%*
CE 400mg/kg 2.63 + 0.06 6.39 + 023 (63.9)%><* 6.65 % 0.25 (64.3)0xexd# 7.26 + 040 (66.2)><" 7.98 + 0.54 (68.2)%0+*

Notes: Data is expressed as mean + S.E.M. of six observations. *Compared to distilled water; "Compared to Morphine 20mg/kg, “Compared to 100 mg/kg, “Compared to
200mg/kg, © compared to 400mg/kg, * = p<0.001 and # = p<0.05.
Abbreviations: DV, distilled water; MP, morphine; CE, crude extract of Impatiens rothii.

Acetic Acid-Induced Writhing Method

All the tested doses of 80% methanolic root extract of Impatiens rothii significantly (p < 0.001) lowered the number of
acetic acid-induced writhing compared to the negative control. The higher dose of the extract significantly (p<0.001) had
greater protection of writhing in mice than the lower and medium doses of the crude extract. Acetyl salicylic acid
significantly (p<0.05) reduced the number of acetic acid induced writhes compared to all extracts (Table 2).

Anti-Inflammatory Activity of the Crude Extract of Impatiens Rothii

Carrageenan-Induced Paw Edema

The crude extract of Impatiens rothii at all tested doses showed a significant reduction in paw edema that starts from 2 to 5
hr after induction (p < 0.05) as compared to the negative control in carrageenan-induced paw edema model. Indomethacin
significantly (p<0.001) reduced the paw volume at 2, 3, 4 and 5 hrs as compared to the negative control and at the later time
with the lower dose of the crude extract (100 mg/kg). The medium (200 mg/kg) and higher (400mg/kg) doses of the extract
had comparable anti-inflammatory activity to positive control at all observations. The maximum edema inhibition of 100,
200, and 400 mg/kg Impatiens rothii was accomplished 5 hours after induction, with respective values of 23.8%, 31.9%,
and 32.5%. (Table 3)

Discussion
The aim of this research was to determine the analgesic and anti-inflammatory effects of 80% methanolic root extract of
Impatiens rothii. In the current study, the higher dose of the crude extract exhibited greater analgesic and anti-
inflammatory activity compared to the negative control.

An intraperitoneal injection of acetic acid results in an increase in prostaglandin E2 and prostaglandin F2a levels in
the peritoneal fluid, which causes peritoneal inflammation characterized by writhing.*> The acetic acid induced writhing
test simulates visceral pain, and the writhing that occurs is often accompanied by abdominal muscular contraction,

Table 2 Analgesic Activities of 80% Methanolic Root Extract of
Impatiens Rothii in Acetic Acid-Induced Writhing Test

Group Mean no. of writhing 2SEM % Inhibition
DW 56.66 £1.19

ASA 150mg/kg 18.00 #1.06™+cxde 67.91

CE 100mg/kg 41,16 £ 1330wk 27.35

CE 200mg/kg 32.50 £1.43¥bkckek 42.64

CE 400mg/kg 24.33 +].08bHexdx 57.06

Notes: Data is expressed as mean + S.E.M, (n=6); *Compared to negative control,
PCompared to positive control, “Compared to 100 mg/kg, “Compared to 200mg/kg,
®Compared to 400mg/kg, * =p<0.001; # =p<0.05.

Abbreviations: DV, distilled water; ASA, Acetyl salicylic acid; CE, crude extract of
Impatiens rothii.
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Table 3 Anti-Inflammatory Effect of 80% Methanolic Root Extracts of Impatiens Rothii on Carrageenan-Induced Paw Edema in Rats

Mean Paw Volume (mL) (MeantSEM)

0 hr lhr 2hr 3hr 4hr Shr
DW 0.96 + 0.04 1.05 £ 0.047 1.18 £ 0.05 1.28 £ 0.037 1.33 £ 0.045 1.32 £ 0.037
IND 0.92 £ 0.02 0.94 £ 0.01 (10.4)* 0.95 £ 0.019 (19.5* 0.96 + 0.02 (25.0) 0.89 + 0.02 (33.1) 0.85 + 0.03 (35.6)
CE 100mg/kg 0.96 + 0.0 1.01 £0.014 (3.8) 1.04 + 0.02 (11.86)** 1.06 + 0.024 (17.2)** 1.03 £0.03 (22.5)+%e# 1.01 £ 0.034 (23.8)5%e#
CE 200mg/kg 0.94 + 0.024 0.99 + 0.032 (5.7) 1.01 £ 0.031 (14.4)** 1.02 £ 0.038 (20.3)* 0.94 + 0.024 (29.3)™ 0.91 + 0.029 (31.9)*
CE 400 mglkg 0.90 + 0.01 0.97 + 0.039 (7.6) 0.98 + 0.037 (16.9)™ 0.99 + 0.042 (22.6)* 0.92 + 0.04 (30.8)™ 0.89 + 0.04 (32.5)*

Notes: Data is expressed as mean + S.E.M. of six observations. *Compared to distilled water; "Compared to Indomethacin 10mg/kg, “Compared to 100mg/kg, “Compared
to 200mg/kg, *“Compared to 400mg/kg, *= p<0.001 and #= p<0.05.
Abbreviations: DW, distilled water; IND, Indomethacin 10mg/kg; CE, crude extract of Impatiens rothii.

forelimb expansion, and body lengthening.*® The oral administration of all test dosages of 80% methanolic root extract
greatly reduced the abdominal writhing reactions following acetic acid injection. These data provide evidence that the
80% methanolic root extract of Impatiens rothii inhibit lipoxygenase and/or cyclooxygenase enzymes in peripheral
tissues, consequently interfering with the mechanism of transduction in the primary afferent nociceptor. Similar with this
study, hydroethanolic extracts of Impatiens glandulifera and Impatiens parviflora presented an anti-nociceptive effect in
acetic acid induced writhing test.”?

Due to its sensitivity to potent analgesics and low tissue damage, the hot plate test is often utilized in elucidating the
centrally mediated anti-nociceptive effects of the test drugs. A cutoff time of 15 seconds is generally used to limit the
time that the mouse is exposed to the hot plate.** Jumping and paw licking are considered supraspinally integrated
behavioral responses, and the time of the latency to the onset of this reaction following injection is a measure of the
analgesic activity.>> The result demonstrated that the 80% methanolic root extract of Impatiens rothii dramatically
enhanced the nociceptive threshold significantly that was determined by increased latencies. During the hot-plate test,
animals administered 80% methanolic root extract of Impatiens rothii had a longer latency time than those in the control
group. Based on the increased mice response times in the hot-plate test, it may be concluded that the 80% methanolic
root extract of Impatiens rothii has a central analgesic activity.

It is well recognized that carrageenan-induced paw edema is main assay for evaluating possible new anti-inflammatory
drugs and medicinal plants and is biphasic. The initial phase occurs within 1-2 hours of carrageenan injection and is caused
by the release of serotonin, histamine, and bradykinin from mast cells into surrounding damaged tissues.*® The second phase,
which begins 3—6 hours after carrageenan injection, is related with the generation and release of prostaglandins, leukotrienes,
and different cytokines, such as IL-1p, IL-6, IL-10, and TNF-a.>® At all observations, all test dosages of 80% methanolic root
extract of Impatiens rothii revealed a significant (p < 0.05) anti-inflammatory effect. The higher doses of 80% methanol
extract of Impatiens rothii exhibited maximum percentage inhibition of edema (32.5%) at 5 hours post-induction. Similar
with the effects of non-steroidal anti-inflammatory medications, such as indomethacin, the observed edema inhibition was
higher in the later stages of inflammation, implying that the anti-inflammatory activity is mediated by inhibition of the
cyclooxygenase enzyme. In line with this study, ethanol extract of Impatiens balsamina roots displayed significant anti-

inflammatory activity against carrageenan-induced paw edema model.*’

The presence of secondary metabolites, such as
polyphenols, flavonoids, coumarins, and phenolic acids that have been reported in the root of Impatiens rothii may be

accountable for the analgesic and anti-inflammatory effects.

Conclusion

Based on the findings of this study, 80% methanolic extract of Impatiens rothii displayed significant analgesic and anti-
inflammatory activities, contributing greatly to the plant’s traditional use in the management of a variety of painful and
inflammatory disorders. The plant extract had both peripheral analgesic and central pain inhibiting activities. It also

possessed anti-inflammatory properties in the acute phase of inflammation.
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Abbreviations
NSAID, Non-steroidal anti-inflammatory drugs; COX, Cyclooxygenase; IL, Interleukin; OECD, Organization for
Economic Cooperation and Development.
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