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Abstract 

Background and purpose: Previously, we reported the anti-inflammatory properties of Nasturtium officinale 
(watercress) in several models of acute inflammation. This study was designed to explore the effects of topical 
and systemic administrations of N. officinale in the two chronic inflammatory models and to evaluate the role 
of TNF-α and IL-1β in these effects. 
Experimental approach: Folin-Ciocalteu and aluminum chloride methods were used to estimate the extract's 
total phenol and flavonoid content, respectively. Carrageenan-induced paw edema was carried out and TNF-α 
and IL-1β concentrations in the carrageenan-treated paw tissue were determined. Formalin injection into rat 
hind paws (7 days) and the application of 12-O-tetradecanoyl phorbol-13-acetate (TPA) on mouse ears (9 days) 
were used to simulate chronic inflammation. Furthermore, a histological assessment of the inflamed tissues 
was carried out.  
Findings/Results: The extract's flavonoid and phenolic contents were 90.26 ± 4.81 mg rutin equivalents/g and 
68 ± 8.16 gallic acid equivalents/g gallic acid, respectively. N. officinale pretreatment in all doses administered 
considerably decreased carrageenan-induced edema. The extract also reduced IL-1β levels in carrageenan-
treated paws while did not affect TNF-α levels. Oral and topical administrations of N. officinale considerably 
reserved the paw and ear edema. The extract also ameliorated the tissue injuries due to formalin and TPA 
challenges.  
Conclusion and implications: The data confirmed the topical and systemic anti-inflammatory effects  
of watercress against two chronic models of inflammation. They suggested that these properties  
are not related to TNF-α but could be attributed to inhibition of IL-1β and inhibition of leukocyte  
infiltration. 

Keywords: Anti-inflammatory; Interleukin-1 beta; Nasturtium officinale; Tetradecanoyl phorbol acetate; 
Tumor necrosis factor-alpha.  

INTRODUCTION 

Herbal medicines have long been used              
for therapeutic goals and beneficial       
effects in different ailments (1). Cruciferous 
vegetables, particularly cauliflower, cabbage, 
broccoli, and watercress are broadly eaten 
worldwide. They contain soluble fiber,  
multiple nutrients, and vitamin C (2).  

Nasturtium officinale R. Br. (watercress), 
which belongs to the Brassicaceae family, is 
found in most regions (native to Europe).  
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Aerial parts of the watercress are usually 
eaten as a vegetable in salads and different 
recipes. Watercress is considered an important 
food supplementation for preventing cancer and 
related diseases, especially breast cancer risk 
(3). Other health benefits of watercress can be 
mentioned including asthma, hypertension, 
renal colic, and diabetes (4). Several studies 
have confirmed the antioxidant effects of 
watercress in vivo and in vitro conditions (5,6). 
Furthermore, the plant is famous for possessing 
numerous pharmacological properties                       
such as anti-hyperlipidemic, hypoglycemic (7),                      
anti-ulcerogenic (8), hepatoprotective (9), 
nephroprotective (10), anticarcinogenic (11), 
anti-fibrotic (12), and appetite stimulator (13). 
It has also been reported that crude watercress 
extract improved oxymetholone‐induced toxicity 
in mouse testis via antioxidant pathways (14). 
Previously, we have documented the anti-
inflammatory properties of N. officinale 
ethanolic extract in some acute animal models 
of inflammations (15). 

The nuclear factor kappa B (NF-κB) is a 
family of transcription factors that plays a 
crucial role in developing immune response. 
The cytokines of the tumor necrosis factor 
(TNF) family and interleukin (IL)-1β facilitate 
the synthesis of genes that regulate 
inflammation, proliferation, and differentiation, 
mainly through the NF-κB pathway (16,17). 
Furthermore, the earlier study also revealed that 
watercress extract inhibited croton oil-induced 
ear edema through NF-κB and glucocorticoid 
receptor pathways without producing important 
signs of toxicity (18). In addition, there are 
some reports on the vital role of cytokines               
(IL-β and TNF-α) in some diseases, including 
dyslipidemia and inflammation (19).  

Hence, the main objective of the current 
research was to explore the systemic and topical 
anti-inflammatory actions of N. officinale 
against two models of chronic inflammation 
and the role of IL-β and TNF-α, as 
proinflammatory cytokines, in these effects. 
 

MATERIALS AND METHODS 
 

Plant material  
The raw materials of watercress were 

harvested from the area around Yasuj, Iran, 

which was recognized by Dr. A. Jafari 
(University of Yasuj, Iran), and stored there in 
the herbarium under voucher No. HYU30230. 
The  collected plant was dried  in the shade and 
then powdered. 
 
Chemicals 

Carrageenan and formaldehyde were 
obtained from Fluka Chemical (Switzerland) 
and Merck Co. (Darmstadt, Germany). TPA 
and indomethacin, phenylmethylsulfonyl 
fluoride, bovine serum albumin, aprotinin A, 
ethylenediaminetetraacetic acid (EDTA), 
benzethonium chloride, and Tween® 20 were 
obtained from Sigma-Aldrich Chemical 
Company (St. Louis, MO, USA). IL-1β and 
TNF-α enzyme-linked immunosorbent assay 
(ELISA) kits were obtained from ALPCO, 
USA, and R&D Company, respectively.  
 
Preparation of the extract   

The pulverized aerial parts of the watercress 
were extracted two times with ethanol:water 
(7:3) at the laboratory temperature (25 °C) for 
48 h. Next, the organic solvent was evaporated 
using a rotary evaporator (60 °C) to obtain a 
concentrated extract. Then, the viscous material 
was dried and stored at 4 °C for further studies.  
 
Experimental animals 

Swiss albino male mice (25-35 g) and Wistar 
male rats (200-250 g) were obtained from the 
Pasteur Institute of Iran, Tehran. Animals were 
kept at room temperature (24 ± 2 °C, 12/12 h 
light/dark cycle) and had free access to a 
standard pellet diet and water ad libitum. This 
work was performed and approved by Yasuj 
University of Medical Sciences, Iran, following 
international standards for the care and use of 
experimental animals (Ethic No. 193.165).  
 
Evaluation of total phenol  

The Folin-Ciocalteu process was used to 
estimate the content of the total phenol of the 
extract (20). Folin-Ciocalteu reagent (0.5 mL), 
watercress extract (0.1 mL, 1 mg/mL), and                
0.4 mL of sodium carbonate 7.5% were mixed. 
After 30 min retention in lab temperature, the 
absorption of the mixture was read at 756 nm. 
According to the standard curve, total phenol 
content was estimated and represented as gallic 
acid equivalents per gram of the dried extract. 
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Evaluation of total flavonoid  
The aluminum chloride method was used to 

estimate the total content of flavonoids (21). 
Sodium nitrate (5%), aluminum chloride 
solution (10%) and 0.1 mL of the extract (1 
mg/mL) were mixed and incubated for 5 min in 
a dark place. Then, NaOH (0.5 mL, 1 M) was 
added. Next, the absorbance of the solution was 
recorded in triplicate at 510 nm. According to 
the standard curve, the total flavonoid content 
was determined, and the data was represented 
as mg rutin equivalent per gram of the dried 
extract. 
 
Carrageenan-induced paw edema in rats   

The acute inflammatory model of subplantar 
injection of carrageenan in rats was used 
(22,23). Carrageenan suspension in normal 
saline (100 µL of a 1% (w/v)) was injected into 
the rat's hind paw to induce edema. Oral 
treatment of normal saline, indomethacin                  
(10 mg/kg), and N. officinale extract (250, 500, 
and 750 mg/kg) were given 45 min before the 
carrageenan challenge (15). We recorded paw 
thickness 4 h after carrageenan injection to 
confirm the induction of inflammation. Lastly, 
the rats were euthanized, and the inflamed paws 
were harvested to determine the IL-1β and 
TNF-α levels.  
 
Formalin-induced chronic inflammation  

The Wistar rat was randomly classified into 
three groups (six each), including arthritic 
group, subplantar injection of formaldehyde 
(0.1 mL of 2% formalin in normal saline) was 
done on days one and three of the experiment, 
the animals also received saline (10 mL/kg/        
day, p.o.) daily for 6 days; arthritic group + 
indomethacin, subplantar injection of 
formaldehyde (0.1 mL of 2% formalin in 
normal saline) was done on days one and three 
of the experiment, the animals also received 
indomethacin (10 mL/kg/day, p.o.) daily for                  
6 days; arthritic group + N. officinale extract, 
subplantar injection of formaldehyde (0.1 mL 
of 2% formalin in normal saline) was done on 
days one and three of the experiment, rats were 
given the extract (500 mg/kg/day, p.o.) daily for 
6 days. Formaldehyde was injected 45 min after 
drug administration (24). Paw thickness was 
measured immediately before formalin, then on 

days 1, 2, 3, 4, 5, 6, and 7 using a digital caliper 
(Mitutoyo, Japan). Animals were euthanized on 
the seventh day, and the formaldehyde-treated 
paws were collected and fixed in formalin 10% 
for pathological evaluation. 
 
TPA-induced chronic skin inflammation  

Multiple topical administration of TPA was 
used to induce chronic skin inflammation as 
defined by Stanley et al.(25). On-ear mice 
applied topical administration of 20 µL of TPA 
(2.5 µg/ear in acetone × 5, nine days on 
alternate days) to induce chronic inflammation 
(25). Normal saline, dexamethasone (0.5 
mg/ear), and N. officinale extract (5 mg/ear) 
were also topically applied twice a day for                
9 consecutive days, in the morning (9 AM) and 
6 h later (3 PM). Animals’ treatment was 
performed on the last day only in the morning. 
Six h after the last treatment, the animals were 
euthanized and both their ears were punched               
(6 mm diameter), weighed, and kept in formalin 
10% for more studies. 
 
Assessment of the TNF-α and IL-1β 
concentration in the carrageenan-treated rat 
paws  

The concentration of TNF-α and IL-1β in the 
carrageenan-injected paws was measured as 
mentioned earlier, using ELISA (,24,26). The 
collected paw tissue was weighed and saved in 
liquid nitrogen (-70 °C). Briefly, the collected 
samples were homogenized in the saline 
phosphate buffer (PBS; pH = 7.4) containing  
10 mM EDTA, 0.5% bovine serum albumin, 
apportioning A 20 KI 0.1 mM 
phenylmethylsulfonyl fluoride, 0.4 M NaCl, 
0.05% Tween® 20, and 0.1 mM benzethonium 
chloride. The mixture was centrifuged at            
12,000 g for 60 min at 4 °C. Finally, the 
supernatant was collected and analyzed for the 
concentration of IL-1β and TNF-α by ELISA. 
 
Pathological examination 

Three samples of TPA-treated ears and 
formalin-treated paw from each group were 
amputated and stored in a 10% formalin. After 
7 days, the fixed samples were embedded in 
paraffin, sliced into 3-4 µm pieces, and were 
stained with eosin and hematoxylin (H&E) for 
assessment in a blinded manner. 
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Statistical evaluation  
The data are expressed as means ± SEM and 

were analyzed with One-way ANOVA 
followed by Tukeyʼs post hoc test (SPSS 18.0). 
The difference at P < 0.05 was considered 
statistically significant. 
 

RESULTS 
 
Total flavonoid and phenolic content   

The flavonoid and phenolic contents of                  
N. officinale extract were found to be                          
90.26 ± 4.81 mg rutin equivalents/g dry weight 
in the extract and 68 ± 8.16 mg gallic acid 
equivalents/g dry weight in the extract, 
respectively. 
 
Carrageenan-induced rat paw edema 

As depicted in Fig. 1, intraplantar injection 
of carrageenan-induced a significant paw 

inflammation 4 h after carrageenan injection. 
Pretreatment with indomethacin (10 mg/kg) 
and the plant extract (250, 500, and 750 mg/kg) 
45 min before carrageenan injection 
significantly reduced the paw inflammation. 
 
Formaldehyde induced arthritis in rats 

Our results showed that the sub plantar 
injection of formalin in the hind paw of animals 
on the first and third days of the test caused a 
significant inflammation on days 1, 2, 3, 4, 5, 6, 
and 7. Oral treatment with the N. officinale 
ethanolic extract (500 mg/kg/day) considerably 
reserved the growth of formalin-induced paw 
swelling on days 1, 2, 3, 4, 5, 6, and 7 compared 
with the arthritic group. Indomethacin                   
(10 mg/kg)-treated arthritic group also showed 
a significant reduction in the paw edema on 
days 1, 2, 3, 4, 5, 6, and 7 compared to the 
arthritic group (Fig. 2). 

 

    
 

Fig. 1. Effect of ethanol extract of Nasturtium officinale 
on carrageenan-induced paw edema in rats. The extract 
(250, 500, and 750 mg/kg, p.o.), and indomethacin                       
(10 mg/kg, p.o.) were administrated 45 min prior to 
carrageenan (1%) injection. The paw thickness was 
evaluated 4 h after carrageenan injection and the values 
represent the mean ± SEM increased in the paw 
thickness, n = 6. ###P < 0.001 Indicates significant 
difference compared to the saline group and ***P < 
0.001 versus carrageenan group. 
 
 
 

 
 
 
 
Fig. 2. Effect of ethanol extract of Nasturtium officinale 
on formalin-induced paw edema in rats. The extract                 
(500 mg/kg, p.o.), and indomethacin (10 mg/kg, p.o.) 
were administrated 45 min prior to formalin                       
(2%) injection and the paw thickness was                       
evaluated for 7 consecutive days.                       
The values represent the mean increase in the paw 
thickness ± S.E.M (n = 6). ***P < 0.001                       
indicates significant differences compared to the 
formalin group. 
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Fig. 3. Effect of topical administration of the ethanol 
extract of Nasturtium officinale on chronic                
inflammation induced by TPA in mice (2.5 µg/ear × 5 
times). The extract (5 mg/ear), dexamethasone                         
(0.5 mg/ear), and acetone were administrated 
immediately after TPA application and 6 h later for                     
9 days. The values represent the mean variation in the ear 
weight ± S.E.M (n = 6). ***P < 0.001 indicates 
significant differences compared to the TPA group. TPA, 
12-O-tetradecanoyl phorbol 13-acetate. 

 
 
Fig. 4. Effect of Nasturtium officinale extracts on IL-1β 
levels in the carrageenan-injected paws. Animals 
received the extract of N. officinale (250, 500, and           
750 mg/kg, p.o.) and indomethacin (10 mg/kg) 45 min 
prior to subplantar injection of carrageenan. Four h after 
carrageenan injection, the paw was homogenized and IL-
1β levels in the supernatant were determined by ELISA. 
Data is expressed as mean ± SEM of five to six rats.                
*P < 0. 05, and ***P < 0.001 indicate significant differences 
compared to the carrageenan-treated group and ###P < 0.001 
versus saline group. IL-1β, Interleukin-1 beta. 
 

TPA-induced chronic skin inflammation  
The multiple topical administration of TPA       

(2.5 µg/ear, 5 times) induced a prominent 
inflammation in the ear of mice compared with 
the untreated ear. Topical treatment with both 
dexamethasone (0. 5 mg/ear) and the extract of 
N. officinale (5 mg/ear) for 9 consecutive days 
exhibited a significant improvement in the 
TPA-induced chronic ear inflammation when 
compared to untreated mice (Fig. 3).  
 
Measurement of IL-1β levels in the 
carrageenan treated paw 

Carrageenan injection caused a marked 
elevation in IL-1β level compared to those 
found after saline injection. Pretreatment with 
N. officinale extracts at either dose (250, 500, 
and 750 mg/kg) preserved the production of               
IL-1β due to carrageenan challenges. 
Indomethacin (10 mg/kg, p.o.) also decreased 
the IL-1β concentration compared with the 
carrageenan group (Fig. 4). 
 
Measurement of TNF-α levels in the 
carrageenan-treated paw 

The acute inflammation by injection of 
carrageenan (Fig 5) induced a marked elevation 
in the TNF-α levels compared with those 
observed after injection of saline. Pretreatment 

with N. officinale extract at either dose (250, 
500, and 750 mg/kg) did not inhibit the increase 
in the TNF-α levels owing to carrageenan 
injection (P > 0.05). Oral feeding with 
indomethacin (10 mg/kg) also did not display 
suppressive activity on the generation of                   
the TNF-α due to the carrageenan challenge                  
(P > 0.05). 
 
Pathological evaluation  

Histological examination of the paw 
specimens showed that the hind paw injection 
of formalin on the first and third days of 
excrement caused epidermal hyperplasia and 
significant penetration of lymphocytes and 
neutrophils with vascular congestion and 
edema. Oral treatment with the ethanolic 
extract of N. officinale (500 mg/kg) and 
indomethacin (10 mg/kg) decreased the 
mentioned signs of inflammation (Fig. 6).  

Intensive and diffuse inflammatory lesions 
were observed in both the dermis and the 
epidermis of the treated ear after multiple 
administrations of TPA, compared to the intact 
ear. Neutrophils were the primary infiltrated 
cells in the dermis. The N. officinale extract                   
(5 mg/ear) and dexamethasone (0.5 mg/ear) 
ameliorated the indicated inflammatory events 
compared with TPA-treated ear (Fig. 7). 
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Fig. 5. Effect of Nasturtium officinale extracts on TNF-α levels in the carrageenan-injected paws. Animals received 
indicated doses of N. officinale (250, 500, and 750 mg/kg, p.o.) and indomethacin (10 mg/kg) 45 min prior to subplantar 
injection of carrageenan. Four h after subplantar injection of carrageenan, the paw was homogenized and TNF-α levels 
in the supernatant were determined by ELISA. Data are expressed as mean ± SEM of five to six rats. ##P < 0. 01 Indicates 
significant differences compared to the saline-treated animals. TNF-α, Tumor necrosis factor. 
 
 
 

Fig. 6. Histopathological sections of rat paw after sub-plantar injection of formalin (7 days). (A) Normal paw; (B) 
formalin-treated rat paw, edema, and migration of leukocytes especially neutrophils in the paw tissues; (C) indomethacin 
(10 mg/kg, p.o.), reduced paw swelling and infiltration of neutrophils; and (D) Nasturtium officinale (500 mg/kg), 
decreased the formation of swelling and infiltration of neutrophils compared with the formalin-injected paw. 
Hematoxyline and eosin were used to stain the tissues sections, magnification × 20. 
 
 
 

 
Fig. 7. Histopathological biopsies of mouse ear after multiple topical applications of TPA. (A) Normal ear; (B) TPA-
treated ear, swelling, hyperalgesia, and infiltration of neutrophil; (C) dexamethasone (0.5 mg/ear), reduced edema and 
neutrophil infiltration; (D) Nasturtium officinale (5 mg/ear), inhibited the changes induced by TPA. Hematoxyline and 
eosin were used to stain the tissues sections, magnification 20×. TPA, 12-O-tetradecanoyl phorbol 13-acetate. 
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DISCUSSION 
 

The present data showed that N. officinale 
extract displayed a noticeable anti-
inflammatory activity against the two chronic 
inflammatory models including paw edema 
provoked by formalin in rats and skin edema 
induced by several topical administrations of 
TPA in mice. In traditional medicine of Iran and 
some countries, N. officinale is used topically 
or orally to alleviate the severity of rheumatoid 
arthritis (27). Therefore, we decided to use 
formaldehyde-induced arthritis in rats, which is 
similar to rheumatoid arthritis in humans, to 
show whether oral administration of                             
N. officinale is effective in treating chronic 
inflammation. 

It is well-established that the chronic 
inflammatory model of formalin is a suitable 
model for estimating antiproliferative 
properties and screening of anti-arthritis 
compounds (28). Formalin inflammation is 
often described as a biphasic event. The first 
phase is related to a rise in vascular 
permeability and discharge of bradykinin, 
while serotonin, bradykinin, histamine, and 
prostaglandin increase in the second phase  (29). 
Our previous finding showed noticeable anti-
inflammatory properties of N. officinale extract 
during both the first and second phases of 
formalin-induced swelling, probably by 
preventing the discharge of the indicated 
mediators (15). Chronic inflammation, a 
pathological state of inflammation, is an 
essential debilitating factor. Therefore, it was 
valuable to find whether the anti-inflammatory 
activities of N. officinale against acute 
inflammatory models could be extended to the 
chronic model as well. Thus, according to the 
pattern of formalin-induced chronic 
inflammation, a second dose of formalin was 
injected on the third day of the experiment. This 
model is often considered a chronic 
inflammatory reaction and used in chronic 
inflammatory experiments (30). Oral treatment 
with N. officinale extract (500 mg/kg) for 7 
consecutive days considerably inhibited the 
development of inflammation in formalin-
induced arthritis, which was similar to the effect 
observed with indomethacin. Histopathological 
findings confirmed these results. Therefore, it 
could be argued that N. officinale is a potential 
source of drugs against human arthritis. 

As mentioned above, in the traditional 
medicine of some countries, this plant has been 
used topically in the control of rheumatoid 
arthritis (27). Therefore, it was tried to examine 
the effect of topical administration of the 
watercress extract against the TPA-induced 
chronic inflammation on the mice ear. A single 
topical administration of TPA on mice ears 
induces an acute inflammation that causes 
edema, erythema, and polymorph nuclear 
leukocyte infiltration. In contrast, the multiple 
application of TPA caused severe edema, 
epidermal hyperplasia, and further penetration 
of inflammatory cells (31). Lipoxygenase, 
cyclooxygenase, phospholipase A inhibitors, 
and glucocorticoids inhibit the TPA-induced 
acute inflammation, while the cyclooxygenase 
inhibitors did not suppress the TPA-induced 
chronic inflammation (32). TPA-induced skin 
cancer is strongly associated with inflammatory 
reactions such as the overexpression of 
cyclooxygenase-2 and inducible nitric oxide 
synthases proteins and the secretion of 
inflammatory cytokines (33). The NF-κB 
signaling pathway has been established to 
involve in the mouse ear inflammation caused 
by TPA (34). Topical application of N. 
officinale extract for nine consecutive days was 
influential in reducing TPA-induced chronic 
inflammation. Our data are in good agreement 
with the findings of Camponogara et al. that 
reported that N. officinale significantly inhibited 
the croton oil-induced skin inflammation. They 
found that the anti-inflammatory effects of 
watercress, to some extent, were related to 
glucocorticoid receptors and NF-κB pathways 
(18). Therefore, one possibility to explain the 
TPA results is that the extract's anti-
inflammatory effects, to some extent, were 
related to interfering with glucocorticoid 
receptors and the NF-κB pathways.  

The topical anti-inflammatory activities of 
watercress proposed the existence of a 
lipophilic constituent in it that crosses the skin 
barrier and produces the anti-inflammatory 
influence (35). Pathological findings in chronic 
TPA-induced inflammation showed that the 
plant extract could prevent the development of 
inflammation by inhibiting neutrophil 
infiltration and reducing edema, similar to 
dexamethasone. 
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Carrageenan-evoked inflammation is 
usually used as a screening model to screen the 
potential anti-inflammatory properties of 
agents. Like the formalin test, the generation of 
TNF-α and IL-1β has a significant role in 
carrageenan-induced inflammation (36). The 
result of the present study indicated that 
carrageenan injection induced a noticeable 
secretion of TNF-α and IL-1β into the inflamed 
paws. These findings were consistent with 
earlier reported documents (37). Haj Hashemi 
et al. reported that the subplantar carrageenan 
injection stimulated the secretion of IL-1β and 
TNF-α in the inflamed tissue (38). Here, the N. 
officinale extract inhibited the elevation in the 
levels of IL-1β due to the carrageenan 
challenge. Other studies also reported that the 
anti-inflammatory and nephroprotective effects 
of N. officinale may be connected to its 
inhibitory effects on the secretion of 
proinflammatory cytokines (10).   

It is important to notice that there is some 
evidence that reactive oxygen species are 
involved in physiological and pathological 
processes such as inflammation and aging (39). 
It has been reported that N. officinale                   
showed significant antioxidant properties                       
in vitro and in vivo conditions. Also, it has been 
well documented that phenolic and flavonoid 
agents have a vital role in scavenging                          
free radicals (40). Our results indicated that                        
the watercress extract has high phenol                           
and flavonoid components. Therefore,                             
it seems possible that some positive effects                    
of N. officinale in decreasing inflammation 
were mediated through its antioxidant 
pathways. 

At last not least, chlorogenic acid, caffeic 
acid, and rutin were identified in the crude 
extract of N. officinale (41). In this line, the 
anti-inflammatory activists of the three 
indicated components have been confirmed in 
the previous studies (42). Therefore, these 
phenolic components could have a central role 
in their anti-inflammatory effects. 
 

CONCLUSION 
 

Our findings indicated that topical and oral 
administration of N. officinale extracts 
produced a significant suppressive effect 

against  the two models of chronic inflammation 
in animals. These findings established the 
traditional use of this plant in managing chronic 
inflammatory conditions, such as rheumatoid 
arthritis. Also, they suggested that inhibition of 
the action/release of IL-1β and reduction of 
neutrophils infiltration were involved in these 
effects. Additional research is necessary to 
verify the precise mechanism of action and 
characterize the active ingredients of N. 
officinale. 
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