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Introduction: Pain in its various forms is undoubtedly the most common ailment known to human beings. Non-steroidal anti- 
inflammatory drugs (NSAIDs) and opioid analgesics are widely used to treat pain. However, long-term use of NSAIDs and opioids 
causes serious adverse effects on various organs. As a result, looking for drugs with better efficacy and lesser adverse effects appears 
crucial. For this purpose the obvious search begins from traditional medicines, particularly herbs. Therefore, this study investigated 
analgesic and anti- inflammatory activity of 80% methanol root extract of Verbasicum sinaiticum Benth (VS) in vivo.
Methods: The dried and crushed plant material was macerated with 80% methanol sequentially and dried with lyophilizer. As per the 
acute toxicity study conducted elsewhere, 100 mg/kg, 200 mg/kg and 400 mg/kg doses of extract were used in the acetic acid induced 
writhing, hot plate test, as well as carrageenan and formalin induced anti-inflammatory models. As a positive control, aspirin 150 mg/kg 
was used for anti-nociceptive and anti-inflammatory model and morphine 10 mg/kg was used for central analgesic models.
Results: VS200 and VS400 doses of the extract significantly (p< 0.05) reduced acetic acid induced writhing as compared with the 
control group. Similarly in hot plate test also, both VS200 and VS400 groups demonstrated significant (p< 0.05 at 30 min and p< 0.001 
at 60 and 120 min) analgesic effect in comparison with the control and VS100 groups. Furthermore, in carrageenan and formalin 
induced anti-inflammatory test both VS200 and VS400 were shown to produce significant (p< 0.05) anti-inflammatory effect at the 
later hours and days.
Conclusion: The findings from this study suggest that 80% methanol root extract of V. sinaiticum possesses peripheral and central 
analgesic as well as anti-inflammatory activity, possibly emanating from the phytochemicals present in the hydroalcoholic crude 
extract.
Keywords: analgesic activity, anti-inflammatory, acetic acid induced writhing, hot plate, Verbascum sinaiticum

Introduction
Pain is the most commonly diagnosed symptom that people encounter starting from childhood. It is the body’s defense 
mechanism and unpleasant sensation, physical discomfort and emotional distress in response to harmful stimulus.1,2 It is 
a complex experience which has emotional affective, cognitive-evaluative, motivational and spiritual feelings beyond 
“sensory-discriminative” dimensions.

Pain in its various forms is undoubtedly the most common ailment familiar to humans. According to International 
Association for the Study of Pain (IASP), 1 in 5 persons globally have some form of chronic pain, 1 in 10 adults receive 
a yearly diagnosis of the condition,3 and 1 in 9 young adults live with chronic pain.4 While the prevalence of pain in 
childhood varies from 11% to 38% depending on pain type and the variability of studies.5 This epidemiology implies that 
pain is a major health concern around the world.

Pain is one of the cardinal features of inflammation which co-occurs with erythema, heat, swelling and loss of 
function where all this make up a typical inflammatory condition. Although, inflammation is one the physiological 
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homeostasis mechanisms and sometimes its impact may go way beyond maintenance of balance. It will reduce the 
threshold of pain sensation and create a hyperalgesic state.6,7

The treatment of pain involves the use of various medications including NSAIDs and opioid analgesics. Despite the 
fact that such class of drugs provides huge relief in the management of pain, they are not free of debilitating adverse 
effects in some groups of individuals. Some of the most commonly associated adverse effects are hyperglycemia, 
gastrointestinal tract irritation, cardiovascular problems, hepatotoxicity and toxicity particularly in the elderly.8 

Moreover, opioids are also not immune to major adverse effects, some of them are dependence, sedation, constipation, 
and respiratory problems.9

Thus, as experience shows, the ideal path to explore alternatives is plants. In this regard, in Ethiopia, around 80% of 
the population relies on traditional medicine for the treatment of various ailments.10 As a result, the plant V. sinaiticum 
was selected as experimental plant as it is widely used traditionally as a pain killer.

Verbascum L. is the largest genus of figwort family or Scrophulariaceae, which consists of about 360 species and are 
abundant in Africa around the Mediterranean region. Scrophulariaceae are grouped under the order of Lamiales, 
consisting of about 306 genera and over 5850 species.10,11

V. sinaiticum Benth is an erect herb up to 2 m tall which flowers perennially. Usually, it is noticeable around the roads 
and have a thick mat of soft white hairs which cover both leaves and stem.10 Locally, this plant is named Kutina, ye Ahya 
joro, Daba Keded in Amharic; Gurra harree, Abokena in Afan Oromo;12 Tirnake, Handega, Kunama Luta in Tigrigna.13

Ethiopians use V. sinaiticum root for tumor,14 rheumatic pain, wound healing, ophthalmic diseases, mental illness, 
amnesia, tapeworm, syphilis, gonorrhea, relapsing fever, elephantiasis, cold and chest diseases.15–17

The root is chewed for tooth ache, crushed, powdered and creamed on affected part with butter for wound healing, 
and taken with water for snake bite, leech infection and lymphadenitis through oral or nasal route.18–20 The phytochem-
ical analysis of V. sinaiticum leaves show two flavonolignans, hydrocarpin, the novel sinaiticum, flavones, chrysoeriol, 
and luteolin. They have dose-dependent cytotoxicity against leukemia cancer cells.17

Thus, this study aimed to assess whether the experimental plant possesses anti-inflammatory and anti-nociceptive 
activities. Moreover, this investigation may provide a point of departure for further research into and identification of 
specific phytochemicals accountable for the reported activities.

Materials and Methods
Drugs, Chemicals and Equipment
Distilled water, methanol (Carlo-Erba, France), 0.6% acetic acid (Sigma-Aldrich, USA), aspirin (Aspirin Cardio, 
Germany), and morphine (Sandoz, Germany) were used for this experiment. The materials and equipment used to 
perform the experiments were hot plate, mortar and pestle, electronic balance, conical flask, measuring cylinder, test 
tubes, filtering funnel, filtering flask, filter paper, rotary evaporator (Buchi, Switzerland), lyophilizer (Operon, Korean), 
oral gavage, syringes, scissors, electronic balance, and permanent marker.

Collection and Authentication of Plant Specimen
Fresh roots of V. sinaiticum were collected from Menz mama woreda (Latitude, 10°14’60.00” N and longitude, 39° 
19’60.00” E) about 256 km from Addis Ababa on December, 2021 G.C. The plant was authenticated by Mr. Melaku 
Wondafrash, a taxonomist at the National Herbarium, Addis Ababa University, college of natural and computational 
sciences, department of biology, where a voucher specimen was kept for future reference with voucher number 
(MA 001).

Extraction
The roots (400 g) of the plant were thoroughly washed with tap water to remove dirt and soil. After that, they were cut into pieces 
manually and dried under shade in a well-ventilated area and then pulverized using a mortar and pestle to get a coarse powder for 
the extraction. The air-dried and powdered plant materials were macerated with 80% methanol and frequently shaken manually 
for 72 hrs. The mixture was filtered using gauze and Whatman filter paper number 1 with pore size of 150 mm in diameter. The 
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methanol in the filtrate of the extract was removed under reduced pressure by rotary evaporator at 45 rpm and 40°C to obtain 80% 
methanol extract. The extract was further dried with lyophilizer at −50 °C and vacuum pressure (200 mBar). The net weight of 
dry root extract of V. sinaiticum was measured and yield percentage was 14.2%. Extract was stored in a refrigerator at −4°C 
until use.

Phytochemical Screening
Based on the qualitative phytochemical analysis procedure described elsewhere,21 the extract was examined for its 
potential composition of several natural constituents, including alkaloids, flavonoids, phenols, steroids, tannins, terpenes, 
and saponins.

Total Phenolic Content
The Folin-Ciocalteu technique was used to determine the amount of phenol present overall. Gallic acid was serially 
diluted in methanol at concentrations of 1, 0.5, 0.25, and 0.125 mg/mL to produce a calibration curve. Then one milliliter 
of gallic acid was added to test tubes. The test tubes were then filled with 0.5 milliliters of 2N Folin-reagent Ciocalteu’s 
and 5 milliliters of distilled water (1:20). After 8 minutes, 2 mL of Na2CO3 (7.5%) was added, and then, until the solution 
level reached 10 milliliters, pure water was added. After that, the solution was kept at room temperature for another 30 
minutes. A UV-Vis spectrophotometer was used to test the solution’s absorbance at 765 nm (Jenway Model 6500, 
England). The experiment was run three times, with the average result being used. Similar procedures were followed in 
the preparation of the control solution and the extract (0.5mg/mL). The total phenolic content was calculated using the 
gallic acid equivalent milligrams per gram of extract.22

Total Flavonoid Content
A test for the production of aluminum chloride complexes was used to gauge the extracts’ overall flavonoid content. 
A calibration curve was created by sequentially diluting quercetin in methanol at concentrations of 0.5, 0.25, 0.125, and 
0.065 mg/mL. Then, one milliliter of diluted quercetin was added to test tubes. The addition of 0.3 milliliters of 5% NaNO2 

was followed by a 5-minute waiting period. An additional 0.3 milliliters of 10% AlCl3 were added to the solution, and it was 
left to stand for 5 minutes. After adding 2 milliliters of a 1M NaOH solution to the solution, 10 milliliters of distilled water 
were added. After that, the mixture was left to rest for 30 minutes at room temperature. The solution’s absorbance at 510 nm 
was measured by a UV-Vis spectrophotometer (Jenway Model 6500, England). The same steps were taken for the blank 
solution and the extract (0.5mg/mL). The total flavonoid concentration of the extract was reported as mg of quercetin 
equivalent per 1g of extract. The experiment’s average outcome was used after three tests.23

Experimental Animals
A total of sixty healthy Swiss albino mice with body weight ranging from 22 to 35 g, aged 4–6 weeks, either sex, were 
obtained from School of Pharmacy, Addis Ababa University. Sixty Wistar albino rats (Rattus norvegicus), weighing 250– 
350g and aged 4–6 months, were obtained from the Ethiopian Public Health Institute (EPHI) (animals used for anti- 
inflammatory activity test). Animals were left for fourteen days at standard housing conditions for acclimatization. They 
were housed in a stainless steel cage at room temperature with 12 h light-dark cycle and provided with a standard pellet 
diet and water ad libtum. All procedures and techniques used in this study were in accordance with the guide for care and 
use of laboratory animals.24 The Ethical Review Committee of Addis Ababa University, College of Health Sciences, 
School of Pharmacy (ERB/SOP/474/14/2022) granted its approval for the experimental procedure.

Grouping and Dosing
Mice were randomly divided into five groups with each group consisting of 6 mice. Group I served as negative control 
and mice were administered distilled water. Group II, Group III and Group IV were given 100mg/kg, 200mg/kg and 
400mg/kg of the extract, respectively based on the acute toxicity study conducted elsewhere.25 Group V received 
standard drug morphine for hot plate 10mg/kg, while 150 mg/kg of aspirin (ASA) was used for writhing test, carrageenan 

Journal of Inflammation Research 2022:15                                                                                          https://doi.org/10.2147/JIR.S389430                                                                                                                                                                                                                       

DovePress                                                                                                                       
6383

Dovepress                                                                                                                                                            Asefa et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


induced paw edema and formaldehyde-induced paw edema models. Administration of all agents was performed via an 
oral route using entragastric gavage.

To assess the anti-inflammatory activity, five groups of six rats from each group were used in each model. Group 
I served as negative control and mice were administered distilled water. Three different doses of the extract (100 mg/kg, 
200 mg/kg, and 400 mg/kg) were given to groups II through V, respectively, along with the conventional medication 
aspirin (150 mg/kg). The dose was calculated using the plant product’s safe dose, which was established as 2000 mg/kg 
via a limit test.25 A maximum of 10 mL/kg of the full dosage was taken orally. In order to create an oral solution, distilled 
water was used to dissolve both the extract and aspirin.

Experimental Models
Hot Plate Method
This test was used to measure the analgesic effect of herbal extract by applying thermal pain stimuli to animals and then the 
pain reaction time was measured as threshold for acute pain. Every mouse was placed on hot plate maintained at 55± 1◦C. The 
pain reaction time, latency per second, between placing the animal on hot plate and kicking, jumping, licking or holding hind 
limbs was measured for each tested mouse. Fifteen seconds was considered as cut-off time to avoid any thermal injury to the 
paw. Pain reaction times were recorded before and at 30, 60, 90, and 120 minutes after treatment in order to assess the 
analgesic effect of extract at different dose and the time effect response. The prolongation of latency time of treatment groups 
was compared with the value of control one. The percentage of antinociceptive maximal possible effect (MPE) was calculated 
from the formula:26

Acetic Acid Induced Writhing Method
This test was conducted to investigate the peripheral analgesic activity of extract. Five minutes after administration of 
acetic acid IP, the numbers of writhes were counted to determine analgesic activity of V. sinaiticum. Abdominal 
contractions together with stretching of the hind limbs were cumulatively counted over a period of 25 minutes. The 
percentage protection against writhing was taken as an index of analgesia and calculated using the following formula:27

Anti-Inflammatory Activity
Carrageenan Induced Paw Edema
Acute inflammation was induced via subplantar administration of carrageenan (0.03mL of 1% w/v in normal saline) to 
the rat’s right hind paw.28 The extract, the standard drug or the vehicles were administered 1hr prior to administration of 
the phlogistic agent, carrageenan. The inflammation was measured in mL, via quantifying the displaced water by edema 
using a digital plethysmometer (Ugo Basile Company, Cat No 7140, Italy) at 0, 1, 2, 3 and 4 hr after carrageenan 
injection.29 Acetylsalicylic acid (150 mg/kg) was used as a standard drug. The following formula was used to calculate 
the percent inhibition of edema in comparison to the control groups:30

Where, - Vt, is the right hind paw thickness volume (in mL) at time t,
Vo, is the right hind paw thickness volume (in mL) before carrageenan injection,
Vt –Vo, control and treated edema or paw size after carrageenan injection for control and drug treated groups 

respectively.
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Formalin-Induced Paw Edema
Sub-acute inflammation was induced by sub-plantar administration of formalin (0.02 mL of 2% v/v, in distilled water) 
into the right hind paw of rats on the 1st and 3rd days of observation. Then a mark was placed at the level of lateral 
malleolus on the right hind paw before formalin induction. Thus, during the observation period, the injected paw would 
be immersed to the same extent in the measurement chamber of the Plethysmometer. After that, each test substance 
(extract, the standard drug and the vehicle) was administered 1hr before the paw volume was measured daily using 
Plethysmometer until the 7th day and the percentage of edema inhibition was calculated using the previously mentioned 
formula.31

Statistical Analysis
The analysis was conducted using statistical package for social science (SPSS) version 25 and Graph pad prism version 
8.1. One way analysis of variance (ANOVA) was used to analyze the data followed by Tukey post hoc test to determine 
statistical significance. All the data were expressed as mean ± standard error of the mean (SEM). P values ≤ 0.05 were 
taken as statistically significant.

Result
Preliminary Phytochemical Screening
As indicated in Table 1, a qualitative phytochemical screening of an 80% methanol root extract of V. sinaiticum revealed 
the presence of alkaloids, tannins, flavonoids, phenols, steroids and glycoside; however, saponins and terpenoids were not 
detected in the extract.

Total Phenol and Flavonoid Content
The total phenol and flavonoid content of V. sinaiticum root extract found from 80% methanol crude extract was 
determined to be 212mg GAE/g (Figure 1) and 87mg QE/g (Figure 2) respectively.

Hot Plate Assay
Both VS200 and VS400 groups demonstrated significant (p< 0.05 at 30 min and p< 0.001 at 60 and 120 min) analgesic 
effect in comparison with control and VS 100 groups (Table 2). The same pattern with delayed pain reaction time was 
also noticed in MO10 group. Likewise VS400 was found to exhibit similar significance as that of MO10 throughout the 
experiment period. In fact, maximum analgesic effect was found at 120 min and percentage inhibition of VS200, VS400 
and MO10 was 72.7%, 81.8% and 88% respectively. From all extract groups, VS400 demonstrated higher percentage 
inhibition throughout experiment period than DW, VS100 and VS200. However, VS400 was found to exhibit lower 
percentage inhibition than MO10, until 90 min, where it exceeded the MO10 group in percentage inhibition of pain.

Table 1 Phytochemical Screening of 
Methanolic Root Extract of Verbascum 
Sinaiticum

Secondary Metabolite Results

Alkaloids +
Tannins +

Saponins –

Terpeniods –
Flavonoids +

Phenols +

Steroids +
Glycoside +

Note: (+= present, - =absent).

Journal of Inflammation Research 2022:15                                                                                          https://doi.org/10.2147/JIR.S389430                                                                                                                                                                                                                       

DovePress                                                                                                                       
6385

Dovepress                                                                                                                                                            Asefa et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Acetic Acid Induced Writhing Assay
Unlike the VS100 group of the extract, VS200 and VS400 groups significantly reduced acetic acid induced writhing (p< 0.05) 
compared with the control group. Similarly, ASA150 also showed significant anti-nociceptive effect (p< 0.01) against acetic 
acid induced writhing (Table 3).

Anti-Inflammatory Activity
Carrageenan Induced Paw Edema
Figures 3 and 4 demonstrate how an anti-inflammatory test employing carrageenan-induced edema showed that 80% 
methanol extract of the V. sinaiticum plant extract had significant anti-inflammatory activities. Up until 3 hours after 
carrageenan administration, neither the test drug nor ASA150 showed particularly strong anti-inflammatory activity.
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Figure 1 Total phenol content of 80% methanol crude extract of root of Verbascum sinaiticum.
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Figure 2 Total flavonoid content of 80% methanol crude extract of root of Verbascum sinaiticum.
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As shown in Figure 3, at the third and fourth hours, VS200, VS400, and ASA150 (P 0.001) significantly reduced paw 
edema. For VS200, VS400, and ASA150, respectively, the percentage of paw edema protection at 3 hours was 21.64%, 
28.14%, and 28.57% (Figure 4). For VS200, VS400, and ASA150, respectively, the percentages of protection against 
paw edema at 4 hours were 19.05%, 19.52%, and 27.61% (Figure 4).

Table 2 Effect of Methanolic Root Extract of Verbascum Sinaiticum on Hot Plate Test in Mice

Latency (Sec) and Maximum Possible Protection (%)

Group 0 Min 30 Min % 60 Min % 90 Min % 120 Min %

DW 4.8±0.49 5.0±0.71 4.8±0.2 5.2±0.6 5.4±0.4

MO10 4.0±0.55 7.2±0.37a1b3 29.1 8.6±0.4a3b3 41.8 8.8±0.66b 43.6 13.8±0.6a3b3 88
VS100 3.4±0.51 3.6±0.4 1.72 4.4±0.51 8.6 5.4±0.58 15.5 7.2±1.2 32.8

VS200 4.0±0.55 6.0±0.32a1b1 18.2 8.2±0.58a3b3 38.1 8.2±1.02a1 38.1 12.0±0.71a3b3 72.7

VS400 5.0±0.55 6.8±0.49a1b2 18 8.2±0.58a3b3 32 10.2±1.11a2b2 52 13.6±0.4a3b3 81.8

Notes: Values are expressed as mean ± S.E.M (n=6); analysis was performed with one-way ANOVA followed by Tukey post hoc test; aagainst the control, bagainst VS100; 
MO10, Morphine 10mg/kg; DW, control group took distilled water 10mL/kg; VS, 80% Methanol root extract of Verbascum sinaiticum given at doses of 100, 200 and 400 mg/kg, 
orally; 1P<0.05, 2P<0.01, 3P<0.001.

Table 3 Effect of Methanolic Root Extract of Verbascum 
Sinaiticum on Acetic Acid Induced Writhing Test in Mice

Group Mean No. of Writhing ± S.E.M % Inhibition

DW 204.2 ± 19.9

VS100 148 ± 15.5 27.42

VS200 131 ± 12.4* 35.75
VS400 121 ± 15* 40.74

ASA150 107.8 ± 17.8** 47.2

Notes: Values are expressed as mean ± S.E.M (n=6); analysis was performed 
with one-way ANOVA followed by Tukey post hoc test; ASA150, acetylsa-
licylic acid 150mg/kg; DW, control group took distilled water 10mL/kg; VS, 
80% Methanol root extract of Verbascum sinaiticum given at doses of 100, 200 
and 400 mg/kg; *P<0.05, **P<0.01.
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Figure 3 Mean paw volume in carrageenan induced paw edema; ASA150, aspirin 150 mg/kg; VS, Verbascum sinaiticum at doses of 100, 200 and 400 mg/kg; data represent 
mean ± SEM (n = 6); *** p < 0.001; relative to control.
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Formalin-Induced Paw Edema
Starting on day 1, two of the treatment dose groups of 80% methanol extract of V. sinaticum (200 and 400mg/kg) resulted 
in a significant decrease in paw volume (Table 4). Despite the fact that there was a significant reduction in mean paw 
edema volume in VS200, VS400 and ASA150, the extract’s activity appears to fade away at the last days of measure-
ment. Furthermore, the lower dose VS100 did not exhibit significant activity in all days of measurement. Besides, larger 
percentage inhibition of edema was detected for VS100, VS200, and VS400, respectively, as 12.9%, 19.04%, and 
20.12% (Figure 5). However, all doses of the extract had a smaller effect than the positive control (ASA150), which 
resulted in a maximum percentage of edema inhibition of 27.61%.

Discussion
Long-term use of analgesics has various adverse effects. As a result, searching for effective drugs with minimal 
untoward effects from medicinal plants seems reasonable. V. sinaiticum is the most common traditionally utilized 
medicinal herb among Ethiopians.32 There are medicinal plants which have analgesic effect with good safety profile. 
This may be due to the various individual and/or synergistic pharmacological effects of phytochemical constituent 
present in the plant.33 Although this plant is used as pain killer traditionally, there are no studies which support the 
traditional claim. Therefore the aim of this study was to investigate the analgesic effect of 80% methanol root extract of 
V. sinaiticum Benth in vivo.
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Figure 4 % edema inhibition of 80% methanol leaf extract of Verbascum sinaiticum in carrageenan-induced paw edema in mice. Analysis was performed with one-way 
ANOVA followed by Tukey post hoc test. Data were expressed in mean ± SEM. N = 6; VS refers to 80% methanol leaf extract of Verbascum sinaiticum at doses of 100, 200 
and 400 mg/kg; ASA150, aspirin 150 mg/kg; and DW stands for distilled water (10mg/kg).

Table 4 Effect of Methanolic Root Extract of Verbascum Sinaiticum in Formalin-Induced Paw Edema in Mice

Edema Volume (Mean ± SEM)

Groups Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

DW 2.1±0.02 2.02±0.03 2.12±0.02 1.89±0.02 1.74±0.04 1.54±0.06 1.55±0.04

VS100 1.94±0.02 1.95±0.03 1.91±0.03 1.77±0.03 1.53±0.02 1.35±0.03 1.35±0.05

VS200 1.7±0.01d2e1 1.74±0.05d2e1 1.79±0.11d2 1.57±0.09d1 1.44±0.05d2 1.39±0.15 1.30±0.08
VS400 1.7±0.01f3g2 1.73±0.05f2g1 1.83±0.03f2 1.60±0.00f1 1.49±0.02f1 1.23±0.01f1 1.34±0.10

ASA150 1.52±0.07a3b3 1.75±0.05a2b1 1.86±0.02a1 1.56±0.08a2 1.29±0.07a3b1 1.23±0.02a1 1.24±0.02a1

Notes: Analysis was performed with one-way ANOVA followed by Tukey post hoc test. Data were expressed as mean ± SEM. N = 6. aASA150 vs DW, bASA150 vs V.S 
100mg/kg, cASA150 vs V.S 200mg/kg, dV.S 200mg/kg vs DW, eV.S 200mg/kg vs V.S 100mg/kg, fV.S 400mg/kg vs DW, gV.S 400mg/kg vs V.S 100mg/kg. 3p < 0.001, 2p < 0.01, 1p < 
0.05; DW, control group took distilled water 10mL/kg; ASA150, acetylsalicylic acid 150mg/kg; VS, 80% Methanol root extract of Verbascum sinaiticum given at doses of 100, 
200 and 400 mg/kg, orally; 1P<0.05, 2P<0.01, 3P<0.001.
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Hot plate assay was performed to investigate central analgesic activity of extract. In this model, it was investigated 
whether the test substance interfered in pain transduction, thereby inhibiting pain sensation. In this regard, the procedure 
follows placing mice on the hot plate and watching for jumping response and paw licking. The animals are more 
sensitive to thermal heat and thereby 15 seconds were considered as cut-off time to avoid injury. For this test, morphine 
was used as a positive control. It is a potent central acting analgesic drug which binds with opioid receptors namely mu, 
kappa and delta receptor. Morphine interferes with pain signaling from the periphery to the spinal cord and activates the 
periaqueductal gray matter to release endogenous peptides, which play a great role in descending inhibitory 
pathways.2,33

In the hot plate test, all experimental groups were found to exhibit maximum analgesia at 120 minutes. This may be 
due to lag time for the drug to enter into the central compartment and distribute to the target site. Apart from VS100, both 
VS200 and VS400 groups demonstrated significant (p< 0.05 at 30 min and p< 0.001 at 60 and 120 min) analgesic effect 
in comparison with control. The percentage inhibition of VS200, VS400 and MO10 was comparable (Table 2). In 
particular, VS400 and MO10 did not show kicking, jumping, licking or holding hind limbs responses at 15 minutes. This 
showed the significant analgesic activity of VS400 and MO10. The prolonged latency shown further corroborates the 
dose dependent pharmacologic effects of the extracts.

Acetic acid induced writhing method is a typical test to investigate the peripheral analgesic effect of the extract. Pain 
mediators; PGE2 and PGF are released after intraperitoneal administration of acetic acid at the peritoneal receptors. 
Those mediators induce irritation leading to stretching of limbs and elongation of the body together with constriction of 
abdominal muscles.34 Perhaps 80% methanol root extract of V. sinaiticum may elicit its effect via inhibition of pain 
mediators at the stage of synthesis, release or uptake.35,36

Apart from VS100, the remaining experimental groups VS200 and VS400 showed significant (p < 0.05) peripheral 
analgesic activities by reducing the amount of writhing in comparison with the control group (Table 3). The finding 
suggested that the peripheral analgesic activity of the extract increased from VS200 to VS400. This provides an 
impression that the extract seemed to follow a dose dependent analgesic effect.

Despite significant difference existing among the extracts, the lower average writhe recorded was for ASA150 and the 
extracts’ writhe level fell as the dose range increased. This also explains the dose dependent peripheral analgesia induced by 
the extract. However, the analgesic effect exhibited by the extract was found to be lower than that of standard drug aspirin.

Overall from the experimental groups, VS400 showed significant effect in reducing writhe in acetic acid induced test 
as well as in extending the pain reaction time throughout the whole experiment period compared to DW, VS100 and 

D1 D2 D3 D4 D5 D6 D7
0

10

20

30

Time in days

%
ed
em
a
in
hi
bi
tio
n

VS100

VS200

VS400

ASA150

Figure 5 % edema inhibition of 80% methanol leaf extract of Verbascum sinaiticum in formalin-induced paw edema in mice. Analysis was performed with one-way ANOVA 
followed by Tukey post hoc test. Data were expressed in mean ± SEM. N = 6; VS refers to 80% methanol leaf extract of Verbascum sinaiticum at doses of 100, 200 and 
400 mg/kg; ASA150, aspirin 150 mg/kg; and DW stands for distilled water (10mg/kg).
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VS200. The individual and/or synergistic pharmacologic actions of the many phytochemicals found in the plant may be 
responsible for the reported extract’s peripheral and central analgesic effects.

The carrageenan-induced hind paw edema model has been widely used in the development and testing of anti- 
inflammatory medicines.37 The capacity of such medicines to inhibit the edema developed in the hind paw of mice after 
injection of a phlogistic agent is the basis for this model. The ability of anti-inflammatory drugs to reduce edema 
generated in mice paws by carrageenan is one of the most extensively used in vivo animal experiments.38

As evidenced by decreased paw edema and higher percent edema protection in carrageenan-induced paw edema 
model, VS200 and VS400 demonstrated strong anti-inflammatory properties. The extracts’ anti-inflammatory activity 
became more apparent over time, especially for VS200 and VS400; this may be a sign that a dose greater than 200mg/kg 
is required to produce an anti-inflammatory response. The extracts and standard drug exhibited their pharmacological 
activity after three hours, this might be explained by the lag-time required for extract and drug to reach the site of action. 
In terms of paw edema reduction and percentage edema protection, the extract’s effectiveness is comparable to that of 
aspirin (ASA150) (Figures 4 and 5).

Intraplantar injection of diluted formalin induces characteristic mechanistic changes in two distinct phases, the first 
phase is marked by pain, which is brought on by the direct activation of nociceptive neurons, and the second phase is 
marked by inflammation, which results from increased vascular permeability and tissue damage.39 According to 
numerous studies, the pain and inflammation brought on by the administration of formalin have been found to be 
reduced by bradykinin receptor antagonists that operate through the B2 receptor.40

In formalin induced paw edema, VS400 significantly reduced the edema compared to the other extract doses (p<0.05), 
whereas VS200 showed a better effect than VS100 (p<0.05). Furthermore, larger percentage inhibition of edema was 
detected for VS200, and VS400, respectively (Figure 5). However, all doses of the extract had a lesser effect than the 
positive control (ASA150), which resulted in a maximum percentage of edema inhibition.

As illustrated in the phytochemical screening and quantification result, V. sinaiticum extract is rich in numerous 
phytochemicals which are known to elicit several pharmacological activities including analgesia and anti-inflammatory 
effect. According to studies conducted on the biological activities of the various phytochemicals, the flavolignans41 and 
flavones,42,43 glycosides,44 saponins45 and tannins46 have been shown to induce analgesia and anti-inflammatory effects 
due to their ability to inhibit key enzymes involved in the inflammation process such as COX-1 (cyclooxygenase 1), 
COX-2 (cyclooxygenase 2), sPLA2 (secretory phospholipase A2) and 15-LOX-2 (15-lipoxygenase).

As illustrated elsewhere, different plant species within the genus verbascum namely V. chionophyllum Hub.-Mor., 
V. cilicicum Boiss., V. dudleyanum (Hub.-Mor.) Hub.-Mor., V. latisepalum Hub.-Mor., V. pycnostachyum Boiss. and 
Heldr., V. salviifolium Boiss., V. splendidum Boiss., and V. exuberans Hub.-Mor.47,48 have been shown to possess 
analgesic and anti-inflammatory activity. The observed analgesic and anti-inflammatory activity in V. sinaiticum is also 
in line with the activities observed in other species within the genus.

Conclusion
The findings from this study suggests that 80% methanol root extract of V. sinaiticum possesses significant peripheral anti- 
nociceptive and central pain inhibition effects as well as anti-inflammatory activity. The extract’s analgesic and anti- 
inflammatory activity possibly emanate from the phytochemicals present in the hydroalcoholic crude extract. Therefore, 
the results obtained justify the use of the roots of V. sinaiticum for analgesia, which supports the traditional use of the plant.

Abbreviations
ANOVA, analysis of variance; ASA, acetyl salicylic acid; COX;-Cyclooxygenase; DW, distilled water; IASP, interna-
tional association for the study of pain; LOX;-15-lipoxygenase; MO, morphine; NSAIDs;- non-steroidal anti- 
inflammatory drugs; PG, prostaglandins; sPLA2;- secretory phospholipase A2; SEM, standard error of the mean; 
SPSS, statistical package for social science; VS, Verbascum sinaiticum.
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