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Introduction  

Asparagus officinalis L. (asparagus) from 

Asparagaceae family is a nutritious garden vegetable, 

which is native to most parts of Europe, Africa and 

Physiology and 

Pharmacology 

Physiol Pharmacol 24 (2020) 322-330 www.phypha.ir/ppj 

Abstract 

Introduction: Asparagus officinalis L. is a medicinal plant, which contains various 

natural bioactive phytochemicals with potential different pharmacological activities. 

The present study was designed to investigate the antioxidant and antinociceptive 

activities of the hydroalcoholic extract obtained from asparagus roots. 

 

Methods: The plant material was extracted using ethanol 70% and preliminary 

phytochemical analyses were carried out. The in vitro antioxidant effects of the plant 

extract were evaluated using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radicals and total 

reducing ability compared to the butylated hydroxytoluene (BHT) as a standard 

control. The antinociceptive effects were also assessed using formalin and tail-flick 

test in male Wistar rats. 

 

Results: The plant extract was relatively rich in flavonoids. The IC50 value for DPPH 

scavenging activity of the extract (1117.65±14.26 µg/ml) was significantly higher than 

that of BHT (64.35±4.09 µg/ml). The plant extract exerted a significantly lower total 

reducing ability compared to that of BHT. The extract exhibited a significant 

antinociceptive effect at the early stage of formalin test in the dose of 500mg/kg 

intraperitoneally. The results of tail-flick test also demonstrated antinociceptive effects 

compared to control in a dose-dependent manner. However, these antinociceptive 

activities were not comparable with morphine as a reference agent. 

 

Conclusion: A. officinalis roots extract demonstrated considerable antioxidant and 

antinociceptive activities and it might be attributed to its flavonoids content. 
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Asia consumed throughout the world (Poormoosavi et 

al., 2018). The consumable shoot of A. officinalis is 

about 20-35cm in length, which is approximately one-

half to two-thirds of the stem (Zhao et al., 2011) and 

often used to prepare vegetable dishes, soups and 

salads (Hafizur et al., 2012). 

Besides nutritional importance, asparagus has been 

demonstrated to possess many biological activities. 

Several studies have reported that spear and shoot 

extracts of A. officinalis showed antihypertensive 

(Sanae and Yasuo, 2013), hypoglycemic (Zhao et al., 

2011), hypolipidemic (Zhu et al., 2011; Zhu et al., 

2010), antitumor (Shao et al., 1996), hepatoprotective 

(Zhu et al., 2010) and antioxidant effects in different 

animal models. The seed extract of this plant also 

had anti-diabetic (Hafizur et al., 2012) and antifungal 

(Wang and Ng, 2001) activities. It has been reported 

root extracts of A. officinalis had beneficial impacts on 

oogenesis in female rats (Jashni et al., 2016), 

protective effects against liver and kidney damages 

(Poormoosavi et al., 2018) and neuroprotective 

activity in an animal model of neurodegenerative 

disease (Sakurai et al., 2014). Moreover, A. officinalis 

juice potentiated cyclophosphamide‐induced 

antimutagenic activities in mice (Xinhui and Jing, 

2001). Antioxidant activity of several A. officinalis 

cultivars have reported in many in vitro studies 

(Rodriguez et al., 2005). 

The main phytochemicals responsible for A. officinalis 

bioactivity are phenolic compounds, particularly 

flavonoids (Makris and Rossiter, 2001; Wang et al., 

2003) and hydroxycinnamic acids (Li et al., 2017; Sun 

et al., 2005) as well as saponins (Huang and Kong, 

2006; Wang et al., 2013). However, other compounds 

such as carotenoids (Deli et al., 2000), glycosides 

(Gorianu et al., 1976) oligosaccharides and amino 

acids contribute to the advantageous properties of 

this plant (Jang et al., 2004). Furthermore, A. 

officinalis spears are rich in dietary fiber with potential 

therapeutic impacts (Chitrakar et al., 2019). 

Bioactivities of A. officinalis are not related to a single 

compound and diversity of phytoconstituents made it 

a suitable candidate to assess different 

pharmacological effects rather than traditional 

nutritional usage. Previous investigations 

demonstrated that the antioxidant activity of A. 

officinalis extract was closely related to phenolics and 

flavonoids, including quercetin, kaempferol, rutin and 

ferulic acid (Fan et al., 2015; Lee et al., 2014). It has 

also shown that the presence of phenolic and 

flavonoid compounds were associated with anti-

inflammatory and antinociceptive activity of other 

species of asparagus. The hydroalcoholic extract of 

A. radix (Maresca et al., 2017), A. pubescens (Nwafor 

and Okwuasaba, 2003) and A. hamosus (Shojaii et 

al., 2015), as well as the gum of A. gummifer 

(Bagheri et al., 2015) exerted a significant 

antinociceptive activity. 

To the best of our knowledge, there is no study 

evaluating the antinociceptive effects of A. officinalis 

roots extract (ARE). Hence, the present study aimed 

to screen phytoconstituents of ARE and to evaluate 

its possible in vitro antioxidant activity along with 

beneficial impacts on experimental pain in rats. 

 

Materials and methods  

Materials 

Morphine sulfate was purchased from Temad 

Company (Tehran, Iran), while all chemical reagents 

were obtained from Sigma-Aldrich Química S.A. 

(Sintra, Portugal). Ethanol and methanol were 

prepared from Merck (Darmstadt, Germany). All 

solvents were pro-analysis grade and were acquired 

from Merck (Lisbon, Portugal). Extract was dissolved 

in normal saline, freshly on experimentation days. 

 

Plant material and extraction 

Fresh roots of A. officinalis were purchased from 

Safiabad Agricultural and Natural Resources 

Research and Education Center (Dezful, Iran) in 

August 2018. The shade dried and comminuted plant 

material (100g) was macerated with ethanol 70% in 

water (3x1 l) at ambient temperature for 72h. 

Afterward, the obtained hydroalcoholic extracts was 

filtered and concentrated using a rotary evaporator at 

40°C to give gummy extract. The extract was kept at -

20°C until other assessments. 

 

Preliminary phytochemical analysis 

The qualitative analyses of the  roots  

phytoconstituents (alkaloids, flavonoids, saponins, 

tannins and terpenoids) were conducted using 

methods explained by Trease and Evans (Evans, 

2009).  

 

Antioxidant assay 

DPPH ability 

Free radical scavenging activity of the ARE was 
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investigated using 1, 1-diphenyl-2-picrylhydrazyl 

(DPPH) method (Wong et al., 2006). Purple-colored 

solution of DPPH changes to stable yellow-colored 

solution in presence of electron-donating ability of the 

extract's compounds. The reaction mixture was 

prepared by adding 40µl of methanolic solutions of 

ARE or butylated hydroxytoluene (BHT, 100-1600 

µg/ml) to 3ml of the freshly prepared methanolic 

solution of DPPH (0.1mM), followed by incubation at 

the ambient temperature for 30min. Thereafter, the 

absorbance was measured at 515nm. Each 

experiment was conducted three times and DPPH 

scavenging activity was calculated as inhibition 

percentage (I%) based on the following formula: I% = 

[(Acontrol-Asample)/Acontrol] ×100 

The inhibition percentages were plotted against the 

ARE concentrations and the concentration required to 

scavenge 50% of DPPH radical was considered as 

IC50. 

 

Total reducing ability 

The ferric reducing antioxidant potential of ARE was 

determined based on the previously described 

method (Yildirim et al., 2001). Different 

concentrations of ARE or BHT (100-800 µg/ml) were 

added to a mixture of 2.5ml of potassium ferricyanide 

(1%) and 2.5ml of phosphate buffer (0.2M, pH: 6.6), 

followed by incubation at 50°C for 30min. Thereafter, 

2.5ml of trichloroacetic acid (10%) was added to this 

mixture and centrifuged at 3000rpm for 10min. At the 

final step, 2.5ml of distilled water and 0.5m of ferric 

chloride (0.1%) were added to 2.5ml of the 

supernatant solution and the absorbance was 

measured at 700nm. Each experiment was 

conducted three times and increased absorbance 

considers as increased reducing ability. 

 

Animals and study design 

Forty eight male Wistar rats (200-220g) were 

purchased from the Animal House of Hormozgan 

University of Medical Sciences, Bandar Abbas, Iran. 

All animals were kept in standard condition and had 

free access to food and tap water. The experimental 

protocols were approved by the Animal Ethics 

Committee of Hormozgan University of Medical 

Sciences (approval number; 

IR.HUMS.REC.1397.218). 

The rats were randomly divided into four groups (six 

in each group); control (saline 0.9%, 1ml/kg), MS 

(morphine sulfate, 10mg/kg), ARE300 (A. officinalis 

roots extract, 300mg/kg) and ARE500 (A. officinalis 

roots extract, 500mg/kg). All animals were treated 

with a single intraperitoneal injection. 

 

Formalin test 

Formalin test was carried out to evaluate acute 

neurogenic and chronic inflammatory pain (Coderre 

et al., 1990). The animals were treated with saline 

0.9% (1ml/kg), morphine sulfate (10mg/kg) and ARE 

(300 and 500mg/kg). Thirty minutes after treatment, 

50μl of formalin solutions (2.5%) was injected into the 

dorsal surface of the animal’s right hind paw. The 

animals were then placed in transparent camber for 

observation and nociceptive behavior is evaluated in 

both early phase (0-5) and late phase (15-20min) 

after formalin injection. The pain intensity rating (PIR) 

as a nociception index were calculated using the pain 

behaviors and the time of each behavior based on 

the following formula: PIR = [(0×T0)+(1×T1)+ (2×T2)+ 

(3×T3)] / 300 

The time spent in normal behavior with full contact of 

paw plantar surface with the floor (T0), no contact of 

some parts of the paw with the floor or limping (T1), 

elevating of the paw (T2), and vigorous shaking or 

licking of the paw (T3). 

 

Tail-flick test 

Tail-flick test was conducted to evaluate 

antinociceptive activity of ARE (D'Amour and Smith, 

1941). After animal restraining in a plexiglass 

cylinder, radiant heat was focused on the distal end 

of their tail from a distance of 4-7cm. Reaction time of 

animals was recorded three times (with time interval 

of 10 seconds) and their mean was considered as 

baseline latency time (BL). The light intensity was 

then adjusted to produce mean LB between 3 and 5s, 

and the cut-off time (CT) of 10s was used to avoid 

tissue damage. Thereafter, the animals were treated 

with saline 0.9% (1ml/kg), morphine sulfate 

(10mg/kg) and ARE (300 and 500mg/kg) and the 

treatment latency times (TL) were measured at 15, 

30, 45 and 60min after treatment. The percentage of 

maximal possible effect (MPE%) was calculated as 

index of antinociception according to the following 

formula: MPE% = [(TL-BL) / (CT-BL)] × 100 

 

Evaluation of acute toxicity 

Animals employed in the antinociceptive studies were 

http://ethics.research.ac.ir/ProposalView.php?id=31032
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cared and observed for five days and morbidity or 

mortality was recorded. 

 

Statistical analyses 

Data were expressed as mean±SEM. Statistical 

analyses were performed using Statistical Package 

for the Social Sciences software (SPSS 16). After the 

assessing the normality, comparisons between the 

groups were conducted using One-way ANOVA 

analysis, followed by post hoc Tukey’s test. P < 0.05 

was considered as the significance level. 

 

Results 

Phytochemical analysis 

The ARE was found to be relatively rich in flavonoids 

(Table 1). Fewer amounts of saponins were also 

present in ARE. Preliminary phytochemical 

screaming showed that the ARE was free of 

alkaloids, tannins and terpenoids. 

 

DPPH scavenging assay 

The free radical scavenging activity of the ARE is 

shown in Figure 1A. This antioxidant activity was 

increased with the increasing of concentrations. The 

antioxidant activity of ARE was significantly lower 

than that of BHT at all concentrations (P˂0.05). The 

IC50 value of ARE (1117.65±14.26 µg/ml) was 

superior over BHA (64.35±4.09 µg/ml).  

 

Ferric reducing ability Assay 

The reducing powers of ferric ion as an indicator of 

electron-donating ability shows in Figure 1B. 

Increasing ARE concentration enhanced total 

reducing ability in a concentration-dependent 

manner. Reducing power of ARE was significantly 

lower than that of BHT at high concentrations.  

 

Formalin test 

The results of the formalin test in rats (Fig. 2) showed 

that ARE (500mg/kg) had a significant antinociceptive 

effect in the early phase (P<0.05), however, this 

effect was slighter than that of morphine sulfate. The 

antinociceptive effects of ARE at dose of 300mg/kg in 

the early phase was not significant compared to the 

Table 1: Phytochemical screening of Asparagus 
officinalis roots extract. 

 Tests Result 

1 Alkaloids - 

2 Flavonoids ++ 

3 Saponins + 

4 Tannins - 

5 Terpenoids - 

- Negative, + Less, ++ Moderate 

 

Fig.1. DPPH free radical-scavenging activity (A) and ferric reducing antioxidant power (B) of butylated hydroxytoluene 

(BHA) as standard and methanolic extract of Asparagus officinalis roots extract (ARE). Data were expressed as 

mean±SEM. Differences were tested by one-way ANOVA and post-hoc test of Tukey. 
*
P<0.05 versus control group at the 

same concentration points. 

https://en.wikipedia.org/wiki/Butylated_hydroxytoluene
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control group. Although ARE (300 and 500mg/kg) 

decreased formalin-induced pain in the late phase of 

the test, these effects were not statically significant.  

 

Tail-flick 

The results of tail-flick thermal analgesia test in rats 

(Fig. 3) demonstrated that ARE at both doses of 300 

and 500mg/kg showed a significant anti-nociceptive 

activity (P<0.05) in a dose-dependent manner 

compared to that of control group. The analgesic 

Fig.2. Antinociceptive activity in early phase (A), late phase (B) and time point (C) of the formalin test in rats. Animals 

received vehicle (control), morphine sulfate (MS, 10mg/kg) and Asparagus officinalis roots extract, ARE (300 and 

500mg/kg) by intraperitoneal injection. Data were represented as mean±SEM (n=6/group). Differences were tested by one-

way ANOVA and post-hoc test of Tukey. 
*
P<0.05 versus control group. 

 

Fig.3. Time-dependent antinociceptive activity on the tail-flick assay in rats. Animals received vehicle (control), morphine 

sulfate (MS, 10 mg/kg), Asparagus officinalis roots extract and ARE (300 and 500mg/kg) by intraperitoneal injection. Data 

were represented as mean±SEM (n=6/group). Differences were tested by one-way ANOVA and post-hoc test of Tukey. 
*
P<0.05 versus control group at the same time points. 
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activity of ARE was less potent than that of morphine 

sulfate (10mg/kg) at each time point after 

administration (P<0.05). 

 

Acute toxicity 

When ARE was studied by intraperitoneal 

administration in rats, no mortality and signs of 

toxicity were observed in doses of 300 and 

500mg/kg. 

 

Discussion 

Asparagus, which is used for nutritive purposes in the 

making of vegetable dishes, soups and salads 

worldwide, has many pharmacological activities. To 

the best of our knowledge, there is no study 

investigating the antinociceptive effects of Iranian 

native A. officinalis roots extract. Therefore, the 

present study aimed to screen phytochemical 

compounds and to assess the in vitro antioxidant 

activity and the possible antinociceptive effects of 

ARE in rodent. The obtained results revealed the 

presence of flavonoids and fewer amounts of 

saponins in the plant extracts. The extract also 

showed antioxidant effects and relative analgesic 

activity compared to the standard controls. 

The qualitative phytochemical analysis of ARE 

showed the presence of relative amounts flavonoids 

and saponins. In consist with these results, previous 

studies have shown that the ethanolic and methanolic 

extracts of A. officinalis roots form other geographical 

regions are rich in flavonoids and polyphenolic 

compounds (Symes et al., 2018) and saponins 

(Huang and Kong, 2006). Furthermore, other parts of 

these plant have high content of flavonoids (Makris 

and Rossiter, 2001; Wang et al., 2003) and saponins 

(Wang et al., 2013). Considering these information, a 

large body of evidence have demonstrated that 

flavonoids and saponins as well as other secondary 

metabolites have a crucial role against oxidative 

stress and nociceptive processes (Ielciu et al., 2019; 

Puente-Garza et al., 2018; Soares-Bezerra et al., 

2013; Wei et al., 2019). These compounds were 

identified to have inhibitory activities against five 

proteases, which potentially involved in the radical 

scavenging activity as well as anti-inflammatory 

process (Martínez et al., 2012). 

Oxidative stress is an imbalance between intracellular 

production of reactive oxygen and nitrogen species 

and the capability of cells to neutralize their harmful 

impacts by antioxidants. The oxidation of 

macromolecules including nucleic acids, protein, 

lipids and carbohydrate by these toxic free radicals 

causes cellular senescence and death, and involves 

in the pathophysiology of many diseases (Halliwell, 

2006). Potential antioxidant effects of natural 

compounds from various plant sources have 

investigated in recent years (Pohl and Thoo Lin, 

2018; Soccio et al., 2018). In the present study, ARE 

revealed significant and promising DPPH radical 

scavenging activity and ferric ion reducing ability in a 

concentration-dependent manner. The antioxidant 

effects of ARE agree with previous studies 

investigating the antioxidant properties of roots 

extract of different A. officinalis cultivars (Symes et 

al., 2018; Zhang et al., 2019). Moreover, the extracts 

of other species of asparagus have also 

demonstrated antioxidant activity in different in vitro 

and in vivo models (Karuna et al., 2018; 

Kongkaneramit et al., 2011; Lei et al., 2017).  

These antioxidant activities of ARE are essentially 

due to the presence of polyphenolic compounds, 

which were confirmed by the results of primarily 

phytochemical screening. Previous studies have 

mentioned that polyphenols among plant secondary 

metabolites play a main role in attenuation of lipid 

peroxidation (Stavrou et al., 2018; Sureda et al., 

2014). Flavonoids especially have been reported to 

be bioactive compounds for antioxidant properties of 

A. officinalis extract (Fan et al., 2015; Lee et al., 

2014). 

Nociception is the response of sensory nervous 

system to damaging or potentially damaging noxious 

stimuli (Sneddon, 2018). Chemical, thermal and 

mechanical stimulation of nociceptors cause a signal, 

which passes to central nervous system and results 

in feeling of pain (Hosseini et al., 2011; Sneddon, 

2018). Analgesic compound are mostly used in 

mono- or combination therapy to relive this sensation 

(Raffa, 2001). Considering the fact that administration 

of opioids and other non-narcotic analgesic 

medicines possess a wide range of adverse effects 

(Slater et al., 2010), natural products are currently 

investigating to develop novel therapeutic agents for 

nociception (Tsuchiya, 2017). 

The formalin test is considered as a standard model 

for determination of potential analgesic activities. 

Formalin exerts a biphasic pain procedure, including 

early phase with a short-lasting pain response 
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followed by a short period of quiet interphase and late 

phase with inflammatory pain (Tjolsen et al., 1992). 

Moreover, centrally acting antinociceptive agents 

alleviate both early and late phases, and analgesic 

agent with peripheral mechanism only inhibit pain in 

the late phase. The present study revealed that ARE 

(300 and 500mg/kg) had antinociceptive activity on 

the acute and inflammatory pains. However, the high 

dose of ARE on the acute pain reached significant 

level. It can be claimed that the analgesic mechanism 

of ARE is both central and peripheral. 

The tail-flick test is another standard method for 

assessment of analgesic activity. In this test, the 

thermal noxious stimulation activates peripheral 

nociceptors and leads to reflex of tail withdrawal at 

the fastest possible time (Hole and Tjolsen, 1993). 

Modulation of descending pain pathway and 

activation of spinal reflex arc might be involved in the 

mechanism of tail flick (Nakamura et al., 1986). In the 

present tail-flick test, ARE at doses of 300 and 

500mg/kg demonstrated a significant anti-nociceptive 

activity in a dose-dependent manner. The obtained 

results confirmed that ARE had central analgesic 

activity. 

Several studies have shown compounds with 

antioxidant activity can possess antinociception 

through attenuation of lipid peroxidation and 

overproduction of prostaglandin from phospholipids 

(Osukoya et al., 2016). Therefore, the observed 

analgesic effects of ARE could be due to the 

presence of antioxidant compounds. On the other 

hand, the antinociceptive activity might be the result 

of the secondary plant metabolites. It has been 

reported that flavonoids, which are present in ARE, 

inhibits the Ca
2+

 inward current and release of 

analgesia and proinflammatory mediators (Kempuraj 

et al., 2005).  

Previous study conducted on the other species of 

asparagus has shown the analgesic activity of plant 

extract associated with plant secondary metabolites 

(Hassan et al., 2008). However, more investigations 

are necessary to determine the phytoconstituents 

responsible for the antioxidant and analgesic effects 

and to identify the exact mechanism of 

antinociceptive activities.  

 

Conclusion 

Asparagus officinalis roots extract demonstrated 

antioxidant and antinociceptive activities and it might 

be attributed to the presence of flavonoid 

constituents. More future studies are necessary to 

assess the phytochemical compounds responsible for 

the antioxidant and antinociceptive activities and to 

distinguish the exact mechanism of the analgesic 

effects. Moreover, additional studies should be 

carried out to ensure the safety of extract. 

 

Acknowledgments  

The present work was financially supported by the 

Research Grant from Hormozgan University of 

Medical Sciences, Bandar Abbas, Iran (Grant 

number: 970204). 

 

Conflict of interest  

The authors declare that they have no conflict of 

interest. 

 

References 

Bagheri SM, Keyhani L, Heydari M, Dashti-R MH. 

Antinociceptive activity of Astragalus gummifer gum 

(gum tragacanth) through the adrenergic system: a in 

vivo study in mice. J Ayurveda Integr Med 2015; 6: 19-

23. https://doi.org/10.4103/0975-9476.146543 

Chitrakar B, Zhang M, Adhikari B. Asparagus (Asparagus 

officinalis): Processing effect on nutritional and 

phytochemical composition of spear and hard-stem 

byproducts. Trends Food Sci Tech 2019; 93: 1-11. 

https://doi.org/10.1016/j.tifs.2019.08.020 

Coderre TJ, Vaccarino AL, Melzack R. Central nervous 

system plasticity in the tonic pain response to 

subcutaneous formalin injection. Brain Res 1990; 535: 

155-8. https://doi.org/10.1016/0006-8993(90)91835-5 

D'Amour FE, Smith DL. A method for determining loss of 

pain sensation. J Pharmacol Exp Ther 1941; 72: 74-9. 

Deli J, Matus Z, Toth G. Carotenoid composition in the 

fruits of Asparagus officinalis. J Agric Food Chem 2000; 

48: 2793-6. https://doi.org/10.1021/jf991243h 

Evans WC. Trease and Evans Pharmacognosy, 

International Edition E-Book: Elsevier Health Sciences, 

2009. 

Fan R, Yuan F, Wang N, Gao Y, Huang Y. Extraction and 

analysis of antioxidant compounds from the residues of 

Asparagus officinalis L. J Food Sci Technol 2015; 52: 

2690-700. https://doi.org/10.1007/s13197-014-1360-4 

Gorianu GM, Krokhmaliuk VV, Kintia PK, Glyzin VI. 

Asparagus (Asparagus officinalis L.) as a source of 

steroid glycosides. Farmatsiia 1976; 25: 66. 

Hafizur RM, Kabir N, Chishti S. Asparagus officinalis extract 

controls blood glucose by improving insulin secretion 

and beta-cell function in streptozotocin-induced type 2 

diabetic rats. Br J Nutr 2012; 108: 1586-95. 

https://doi.org/10.1017/S0007114511007148 

Halliwell B. Reactive species and antioxidants. Redox 

https://doi.org/10.4103/0975-9476.146543
https://doi.org/10.1016/j.tifs.2019.08.020
https://doi.org/10.1016/0006-8993(90)91835-5
https://doi.org/10.1021/jf991243h
https://doi.org/10.1007/s13197-014-1360-4
https://doi.org/10.1017/S0007114511007148


 

 

 
 329   |   Physiol Pharmacol 24 (2020) 322-330                                                      Fathalipour  et al.

        

 

biology is a fundamental theme of aerobic life. Plant 

Physiol 2006; 141: 312-22. https://doi.org/10.1104/ 

pp.106.077073 

Hassan HS, Ahmadu AA, Hassan AS. Analgesic and anti-

inflammatory activities of Asparagus africanus root 

extract. Afr J Tradit Complement Altern Med 2008; 5: 

27-31. https://doi.org/10.4314/ajtcam.v5i1.31252 

Hole K, Tjolsen A. The tail-flick and formalin tests in 

rodents: changes in skin temperature as a confounding 

factor. Pain 1993; 53: 247-54. https://doi.org/10.1016/ 

0304-3959(93)90220-J 

Hosseini M, Taiarani Z, Hadjzadeh MA, Salehabadi S, 

Tehranipour M, Alaei HA. Different responses of nitric 

oxide synthase inhibition on morphine-induced 

antinociception in male and female rats. 

Pathophysiology 2011; 18: 143-9. https://doi.org/ 

10.1016/j.pathophys.2010.05.004 

Huang X, Kong L. Steroidal saponins from roots of 

Asparagus officinalis. Steroids 2006; 71: 171-6. 

https://doi.org/10.1016/j.steroids.2005.09.005 

Ielciu I, Frederich M, Hanganu D, Angenot L, Olah NK, 

Ledoux A, et al. Flavonoid analysis and antioxidant 

activities of the Bryonia alba L. Aerial parts. 

Antioxidants 2019; 8: 108. https://doi.org/10.3390/ 

antiox8040108 

Jang DS, Cuendet M, Fong HH, Pezzuto JM, Kinghorn AD. 

Constituents of Asparagus officinalis evaluated for 

inhibitory activity against cyclooxygenase-2. J Agric 

Food Chem 2004; 52: 2218-22. https://doi.org/ 

10.1021/jf0305229 

Jashni HK, Jahromi HK, Ranjbary AG, Jahromi ZK, 

Kherameh ZK. Effects of aqueous extract from 

Asparagus officinalis L. roots on hypothalamic-pituitary-

gonadal axis hormone levels and the number of ovarian 

follicles in adult rats. Int J Reprod Biomed (Yazd) 2016; 

14: 75-80. https://doi.org/10.29252/ijrm.14.2.75 

Karuna DS, Dey P, Das S, Kundu A, Bhakta T. In vitro 

antioxidant activities of root extract of Asparagus 

racemosus Linn. J Tradit Complement Med 2018; 8: 60-

5. https://doi.org/10.1016/j.jtcme.2017.02.004 

Kempuraj D, Madhappan B, Christodoulou S, Boucher W, 

Cao J, Papadopoulou N, et al. Flavonols inhibit 

proinflammatory mediator release, intracellular calcium 

ion levels and protein kinase C theta phosphorylation in 

human mast cells. Br J Pharmacol 2005; 145: 934-44. 

https://doi.org/10.1038/sj.bjp.0706246 

Kongkaneramit L, Witoonsaridsilp W, Peungvicha P, 

Ingkaninan K, Waranuch N, Sarisuta N. Antioxidant 

activity and antiapoptotic effect of Asparagus 

racemosus root extracts in human lung epithelial H460 

cells. Exp Ther Med 2011; 2: 143-148. 

https://doi.org/10.3892/etm.2010.172 

Lee JW, Lee JH, Yu IH, Gorinstein S, Bae JH, Ku YG. 

Bioactive compounds, antioxidant and binding activities 

and spear yield of Asparagus officinalis L. Plant Foods 

Hum Nutr 2014; 69: 175-81. https://doi.org/10.1007/ 

s11130-014-0418-9 

Lei L, Chen Y, Ou L, Xu Y, Yu X. Aqueous root extract of 

Asparagus cochinchinensis (Lour.) Merr. Has 

antioxidant activity in D-galactose-induced aging mice. 

BMC Complement Altern Med 2017; 17: 469. 

https://doi.org/10.1186/s12906-017-1975-x 

Li XM, Cai JL, Wang L, Wang W X, Ai HL, Mao ZC. Two 

new phenolic compounds and antitumor activities of 

asparinin A from Asparagus officinalis. J Asian Nat Prod 

Res 2017; 19: 164-71. https://doi.org/10.1080/10286020. 

2016.1206529 

Makris DP, Rossiter JT. Domestic processing of onion 

bulbs (Allium cepa) and asparagus spears (Asparagus 

officinalis): effect on flavonol content and antioxidant 

status. J Agric Food Chem 2001; 49: 3216-22. 

https://doi.org/10.1021/jf001497z 

Maresca M, Micheli L, Cinci L, Bilia AR, Ghelardini C, Di 

Cesare Mannelli L. Pain relieving and protective effects 

of Astragalus hydroalcoholic extract in rat arthritis 

models. J Pharm Pharmacol 2017; 69: 1858-70. 

https://doi.org/10.1111/jphp.12828 

Martínez M, Cambra I, González-Melendi P, Santamaría 

ME, Díaz I. C1A cysteine-proteases and their inhibitors 

in plants. Physiol Plant 2012; 145: 85-94. 

https://doi.org/10.1111/j.1399-3054.2012.01569.x 

Nakamura H, Shimoda A, Ishii K, Kadokawa T. Central and 

peripheral analgesic action of non-acidic non-steroidal 

anti-inflammatory drugs in mice and rats. Arch Int 

Pharmacodyn Ther 1986; 282: 16-25. 

Nwafor PA, Okwuasaba FK. Anti-nociceptive and anti-

inflammatory effects of methanolic extract of Asparagus 

pubescens root in rodents. J Ethnopharmacol 2003; 84: 

125-9. https://doi.org/10.1016/S0378-8741(02)00213-1 

Osukoya OA, Adegbenro D, Onikanni SA, Ojo OA, 

Onasanya A. Antinociceptive and antioxidant activities 

of the methanolic extract of telfairia occidentalis seeds. 

Anc Sci Life 2016; 36: 98-103. https://doi.org/10.4103/ 

asl.ASL_142_16 

Pohl F, Thoo Lin P. The potential use of plant natural 

products and plant extracts with antioxidant properties 

for the prevention/treatment of neurodegenerative 

diseases: in vitro, in vivo and clinical trials. Molecules 

2018; 23: 3283. https://doi.org/10.3390/molecules 

23123283 

Poormoosavi SM, Najafzadehvarzi H, Behmanesh MA, 

Amirgholami R. Protective effects of Asparagus 

officinalis extract against Bisphenol A- induced toxicity 

in Wistar rats. Toxicol Rep 2018; 5: 427-33. 

https://doi.org/10.1016/j.toxrep.2018.02.010 

Puente-Garza CA, Espinosa-Leal CA, Garcia-Lara S. 

Steroidal saponin and flavonol content and antioxidant 

activity during sporophyte development of maguey 

(Agave salmiana). Plant Foods Hum Nutr 2018; 73: 

287-94. https://doi.org/10.1007/s11130-018-0684-z 

Raffa RB. Pharmacology of oral combination analgesics: 

rational therapy for pain. J Clin Pharm Ther 2001; 26: 

257-64. https://doi.org/10.1046/j.1365-2710.2001. 

00355.x 

Rodriguez R, Jaramillo S, Rodriguez G, Espejo JA, Guillen 

R, Fernandez-Bolanos J, et al. Antioxidant activity of 

ethanolic extracts from several asparagus cultivars. J 

Agric Food Chem 2005; 53: 5212-7. 

https://doi.org/10.1104/pp.106.077073
https://doi.org/10.1104/pp.106.077073
https://doi.org/10.4314/ajtcam.v5i1.31252
https://doi.org/10.1016/0304-3959(93)90220-J
https://doi.org/10.1016/0304-3959(93)90220-J
https://doi.org/10.1016/j.pathophys.2010.05.004
https://doi.org/10.1016/j.pathophys.2010.05.004
https://doi.org/10.1016/j.steroids.2005.09.005
https://doi.org/10.3390/antiox8040108
https://doi.org/10.3390/antiox8040108
https://doi.org/10.1021/jf0305229
https://doi.org/10.1021/jf0305229
https://doi.org/10.29252/ijrm.14.2.75
https://doi.org/10.1016/j.jtcme.2017.02.004
https://doi.org/10.1038/sj.bjp.0706246
https://doi.org/10.3892/etm.2010.172
https://doi.org/10.1007/s11130-014-0418-9
https://doi.org/10.1007/s11130-014-0418-9
https://doi.org/10.1186/s12906-017-1975-x
https://doi.org/10.1080/10286020.2016.1206529
https://doi.org/10.1080/10286020.2016.1206529
https://doi.org/10.1021/jf001497z
https://doi.org/10.1111/jphp.12828
https://doi.org/10.1111/j.1399-3054.2012.01569.x
https://doi.org/10.1016/S0378-8741(02)00213-1
https://doi.org/10.4103/asl.ASL_142_16
https://doi.org/10.4103/asl.ASL_142_16
https://doi.org/10.3390/molecules23123283
https://doi.org/10.3390/molecules23123283
https://doi.org/10.1016/j.toxrep.2018.02.010
https://doi.org/10.1007/s11130-018-0684-z
https://doi.org/10.1046/j.1365-2710.2001.00355.x
https://doi.org/10.1046/j.1365-2710.2001.00355.x


 

 

 

Antioxidant, antinociceptive and asparagus                                                                     Physiol Pharmacol 24 (2020) 322-330   |   330 

https://doi.org/10.1021/jf050338i 

Sakurai T, Ito T, Wakame K, Kitadate K, Arai T, Ogasawara 

J, et al. Enzyme-treated Asparagus officinalis extract 

shows neuroprotective effects and attenuates cognitive 

impairment in senescence-accelerated mice. Nat Prod 

Commun 2014; 9: 101-6. https://doi.org/10.1177/ 

1934578X1400900130 

Sanae M, Yasuo A. Green asparagus (Asparagus 

officinalis) prevented hypertension by an inhibitory 

effect on angiotensin-converting enzyme activity in the 

kidney of spontaneously hypertensive rats. J Agric Food 

Chem 2013; 61: 5520-5. https://doi.org/10.1021/ 

jf3041066 

Shao Y, Chin CK, Ho CT, Ma W, Garrison SA, Huang MT. 

Anti-tumor activity of the crude saponins obtained from 

asparagus. Cancer Lett 1996; 104: 31-6. https://doi.org/ 

10.1016/0304-3835(96)04233-4 

Shojaii A, Motaghinejad M, Norouzi S, Motevalian M. 

Evaluation of anti-inflammatory and analgesic activity of 

the extract and fractions of astragalus hamosus in 

animal models. Iran J Pharm Res 2015; 14: 263-69. 

Slater D, Kunnathil S, McBride J, Koppala R. Pharmacology 

of nonsteroidal antiinflammatory drugs and opioids. 

Semin Intervent Radiol 2010; 27: 400-11. https://doi.org/ 

10.1055/s-0030-1267855 

Sneddon LU. Comparative physiology of nociception and 

pain. Physiology 2018; 33: 63-73. https://doi.org/ 

10.1152/physiol.00022.2017 

Soares-Bezerra RJ, Calheiros AS, da Silva Ferreira NC, da 

Silva Frutuoso V, Alves LA. Natural Products as a 

Source for New Anti-Inflammatory and Analgesic 

Compounds through the Inhibition of Purinergic P2X 

Receptors. Pharmaceuticals 2013; 6: 650-8. 

https://doi.org/10.3390/ph6050650 

Soccio M, Laus MN, Flagella Z, Pastore D. Assessment of 

antioxidant capacity and putative healthy effects of 

natural plant products using soybean lipoxygenase-

based methods. an overview. Molecules 2018; 23: 

3244. https://doi.org/10.3390/molecules23123244 

Stavrou IJ, Christou A, Kapnissi-Christodoulou CP. 

Polyphenols in carobs: a review on their composition, 

antioxidant capacity and cytotoxic effects, and health 

impact. Food Chem 2018; 269: 355-74. https://doi.org/ 

10.1016/j.foodchem.2018.06.152 

Sun T, Tang J, Powers JR. Effect of pectolytic enzyme 

preparations on the phenolic composition and 

antioxidant activity of asparagus juice. J Agric Food 

Chem 2005; 53: 42-8. https://doi.org/10.1021/jf0491299 

Sureda A, Tejada S, del Mar Bibiloni M, Antoni Tur J, Pons 

A. Polyphenols: well beyond the antioxidant capacity: 

polyphenol supplementation and exercise-induced 

oxidative stress and inflammation. Curr Pharm 

Biotechnol 2014; 15: 373-9. https://doi.org/10.2174/ 

1389201015666140813123843 

Symes A, Shavandi A, Zhang H, Mohamed Ahmed IA, Al-

Juhaimi FY, Bekhit AE. Antioxidant activities and caffeic 

acid content in new Zealand Asparagus (Asparagus 

officinalis) roots extracts. Antioxidants 2018; 7. 

https://doi.org/10.3390/antiox7040052 

Tjolsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. 

The formalin test: an evaluation of the method. Pain 

1992; 51: 5-17. https://doi.org/10.1016/0304-3959(92) 

90003-T 

Tsuchiya H. Anesthetic agents of plant origin: a review of 

phytochemicals with anesthetic activity. Molecules 

2017; 22: 1369. https://doi.org/10.3390/molecules 

22081369 

Wang H, Ng TB. Isolation of a novel deoxyribonuclease 

with antifungal activity from Asparagus officinalis seeds. 

Biochem Biophys Res Commun 2001; 289: 120-4. 

https://doi.org/10.1006/bbrc.2001.5963 

Wang J, Liu Y, Zhao J, Zhang W, Pang X. Saponins 

extracted from by-product of Asparagus officinalis L. 

suppress tumour cell migration and invasion through 

targeting Rho GTPase signalling pathway. J Sci Food 

Agric 2013; 93: 1492-8. https://doi.org/10.1002/jsfa. 

5922 

Wang M, Tadmor Y, Wu QL, Chin CK, Garrison SA, Simon 

JE. Quantification of protodioscin and rutin in asparagus 

shoots by LC/MS and HPLC methods. J Agric Food 

Chem 2003; 51: 6132-6. https://doi.org/10.1021/ 

jf0344587 

Wei L, Yang M, Huang L, Li JL. Antibacterial and 

antioxidant flavonoid derivatives from the fruits of 

Metaplexis japonica. Food Chem 2019; 289: 308-12. 

https://doi.org/10.1016/j.foodchem.2019.03.070 

Wong SP, Leong LP, Koh JH. Antioxidant activities of 

aqueous extracts of selected plants. Food Chem 2006; 

99: 775-83. https://doi.org/10.1016/j.foodchem.2005.07. 

058 

Xinhui T, Jing G. Inhibitory Effects of Juice from Asparagus 

Officinalis L. on Cyclophosphamide (CTX)-induced 

Mutagenic Activities in Mice. J of Naijing Nat Sci 2001; 5. 

Yildirim A, Mavi A, Kara AA. Determination of antioxidant 

and antimicrobial activities of Rumex crispus L. extracts. 

J Agric Food Chem 2001; 49: 4083-9. https://doi.org/ 

10.1021/jf0103572 

Zhang H, Birch J, Xie C, Yang H, El-Din Bekhit A. 

Optimization of ultrasound assisted extraction method 

for phytochemical compounds and in-vitro antioxidant 

activity of New Zealand and China Asparagus cultivars 

(officinalis L.) roots extracts. Food Chem 2019; 294: 

276-84. https://doi.org/10.1016/j.foodchem.2019.03.012 

Zhao J, Zhang W, Zhu X, Zhao D, Wang K, Wang R, et al. 

The aqueous extract of Asparagus officinalis L. by-

product exerts hypoglycaemic activity in streptozotocin-

induced diabetic rats. J Sci Food Agric 2011; 91: 2095-

9. https://doi.org/10.1002/jsfa.4429 

Zhu X, Zhang W, Pang X, Wang J, Zhao J, Qu W. 

Hypolipidemic effect of n-butanol Extract from 

Asparagus officinalis L. in mice fed a high-fat diet. 

Phytother Res 2011; 25: 1119-24. https://doi.org/ 

10.1002/ptr.3380 

Zhu X, Zhang W, Zhao J, Wang J, Qu W. Hypolipidaemic 

and hepatoprotective effects of ethanolic and aqueous 

extracts from Asparagus officinalis L. by-products in 

mice fed a high-fat diet. J Sci Food Agric 2010; 90: 

1129-35. https://doi.org/10.1002/jsfa.3923 

https://doi.org/10.1021/jf050338i
https://doi.org/10.1177/1934578X1400900130
https://doi.org/10.1177/1934578X1400900130
https://doi.org/10.1021/jf3041066
https://doi.org/10.1021/jf3041066
https://doi.org/10.1016/0304-3835(96)04233-4
https://doi.org/10.1016/0304-3835(96)04233-4
https://doi.org/10.1055/s-0030-1267855
https://doi.org/10.1055/s-0030-1267855
https://doi.org/10.1152/physiol.00022.2017
https://doi.org/10.1152/physiol.00022.2017
https://doi.org/10.3390/ph6050650
https://doi.org/10.3390/molecules23123244
https://doi.org/10.1016/j.foodchem.2018.06.152
https://doi.org/10.1016/j.foodchem.2018.06.152
https://doi.org/10.1021/jf0491299
https://doi.org/10.2174/1389201015666140813123843
https://doi.org/10.2174/1389201015666140813123843
https://doi.org/10.3390/antiox7040052
https://doi.org/10.1016/0304-3959(92)90003-T
https://doi.org/10.1016/0304-3959(92)90003-T
https://doi.org/10.3390/molecules22081369
https://doi.org/10.3390/molecules22081369
https://doi.org/10.1006/bbrc.2001.5963
https://doi.org/10.1002/jsfa.5922
https://doi.org/10.1002/jsfa.5922
https://doi.org/10.1021/jf0344587
https://doi.org/10.1021/jf0344587
https://doi.org/10.1016/j.foodchem.2019.03.070
https://doi.org/10.1016/j.foodchem.2005.07.058
https://doi.org/10.1016/j.foodchem.2005.07.058
https://doi.org/10.1021/jf0103572
https://doi.org/10.1021/jf0103572
https://doi.org/10.1016/j.foodchem.2019.03.012
https://doi.org/10.1002/jsfa.4429
https://doi.org/10.1002/ptr.3380
https://doi.org/10.1002/ptr.3380
https://doi.org/10.1002/jsfa.3923




 

 

 
 


