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Abstract  

Objectives: This study aimed to summarize the chemical constituents reported in Fumaria species and evaluate the 

pharmacological activities described in traditional and contemporary literature. Moreover, an attempt was made to 

discuss implications for pharmaceutical applications and future drug development, with emphasis on safety and 

standardized guidelines. 

Materials and Methods: Literature-based synthesis of phytochemical analyses reporting flavonoids, glycosides, 

tannins, saponins, steroids, triterpenoids, phenols, alkaloids, and anthraquinones in Fumaria species. Review of 

traditional medicinal uses and reported pharmacological activities, including hepatoprotective, antidiabetic, anti-

inflammatory, antimicrobial, and dermatological effects. Focus on the geographic distribution of Fumaria (Iran and 

other regions) and implications for ethnopharmacology. 

Results: Fumaria plants contain a diverse array of secondary metabolites across multiple chemical classes. Traditional 

uses align with several pharmacological activities documented in the literature, notably hepatoprotective, antidiabetic, 

anti-inflammatory, antimicrobial, and dermatological effects. The distribution of Fumaria species is broad, with 

relevance to Iran’s flora and potential ethnopharmacological applications.  

Conclusions: The chemical diversity of Fumaria underpins a range of pharmacological effects, supporting potential 

pharmaceutical applications and the design of new drugs. There is a need for standardized guidelines on dosage, safety, 

and therapeutic combinations, particularly for individuals with thyroid disorders or other underlying health conditions. 

Future research should prioritize standardized phytochemical profiling, rigorous pharmacological testing, and safety 

studies to establish evidence-based usage. 
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Introduction  

Fumitory plant is one of the well-known 

medicinal plants in Asia (1-3). These plants are 

used in Iranian traditional medicine for different 

purposes (4-6). The widespread and uncontrolled 

use of chemical drugs and the harmful and 

unwanted effects of some of these drugs have 

caused more people to favor traditional medicine 

and home remedies in recent years. Fumitories 

are among the multipurpose medicinal plants 
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used for the treatment of various diseases since 

ancient times. Fumaria Tourn. ex L. species are 

applied to treat skin diseases, rheumatism, 

infections, high blood pressure, constipation, 

liver detoxification, and antispasmodic, to treat 

colic pains of the digestive tract and biliary tract 

(7). The role of fumitories as hepatoprotective 

and blood purifiers is documented repeatedly (8, 

9,1,10); however, there are also some interesting 

records of their potential role as psychoactive 

agents (11). These roles are still speculative, and 

they should be clarified for more rational 

pharmacological standardization. Fumitory has 

been used in the world as a traditional medicine 

without side effects or safety problems. 

Fumitories are used in the form of water or syrup, 

tea, sweat, poultice, or seeds (2, 3). In Iranian folk 

medicine, this plant is also used in skin diseases, 

scabies, anti-scurvy, and anti-bronchitis (5, 12-

15). These plants contain a wide range of 

alkaloids and have various uses in traditional 

medicine. They are often prescribed to treat 

biliary-hepatic disorders, digestive and 

respiratory disorders, muscle cramps, 

indigestion, and skin problems (3,1). In 2014, 

Srivastava and Choudhary investigated the 

medicinal and therapeutic properties of F. 

vaillantii and pointed to the importance of its 

different pharmacological activities (16).  F. 

parviflora whole plant was traditionally used in 

leprosy and fever, for detoxification, as a laxative, 

and a diuretic. The extract of this plant was used 

as a bitter tonic and astringent to treat indigestion 

and scrofulous skin infections. F. parviflora was 

also traditionally used in skin diseases, in 

stimulating the function of the liver and gall 

bladder, as an expectorant, antipyretic, and 

laxative. F. indica is widely used in many 

traditional Indian medicinal systems (3). Al-Snafi 

(2020) in a pharmacological study showed that 

Fumaria officinalis has analgesic, antioxidant, 

anti-cancer, antibacterial, anti-diabetic, 

aphrodisiac, and beneficial effects in biliary 

disorders and irritable bowel syndrome (3).   

These species are used to cure abdominal cramps, 

diarrhea, fever, jaundice, leprosy and syphilis, 

blood disorders, and tuberculosis. The leaf paste 

has been used to treat headache and fever, and 

decoction and infusion of the herb are indicated 

for treatments of goiter, leprosy, constipation, 

jaundice, chronic fevers, and dyspepsia (1, 2). 

Fresh juice of the plant is administered orally for 

common fever, removing worms from the 

abdomen, blood purification, and as a liver tonic 

for a hepatic ailment, and also used for the 

treatment of simple goiter, diabetes, and bladder 

infection. Some Fumaria species are well known 

for their medicinal and therapeutic effects. For 

example, F. indica is one of the most common 

medicinal plants in Ayurveda, Unani, and other 

Indian folk medicine systems used to treat skin 

disorders, fever, headache, cardiovascular 

problems, etc. The present review aims to 

develop the current knowledge of the medicinal 

properties of Fumaria species and summarize 

their interesting pharmacological activity 

profiles. 

Taxonomy 

Fumaria (Papaveraceae) is an annual genus 

belonging to the Eudicots clade within the order 

Ranunculales. Formerly classified under the 

family Fumariaceae, the genus is now placed 

within the subfamily Fumarioideae and the tribe 

Fumarieae. In Iran, the genus is represented by 

seven species (17) (Table 1). The most common 

Persian names for this genus are “Shatare” or 

“Shahtare,” which are closely related to the 

vernacular names used in several other 

languages, including Turkish, Arabic, Assamese, 

and Bengali (16). 

Geographical distribution 

Fumaria is a genus of herbaceous plants widely 

distributed across Asia, Europe, and Africa. In 

Iran, fumitory species are found in diverse 

habitats; however, their accurate identification is 

often challenging due to extensive interspecific 

hybridization and a high degree of morphological 
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similarity among species. Among them, F. 

parviflora and F. vaillantii are the most 

widespread species, occurring throughout much 

of Iran, whereas other species are relatively rare 

and restricted to specific ecological niches. The 

taxonomic differentiation of Fumaria species 

therefore remains complex, primarily because of 

the frequent occurrence of interspecific 

hybridization and overlapping morphological 

traits (18). 

 

Table 1: Fumitories of Iran and their common names 

Taxon Vernacular names 

Fumaria vaillantii var. 

vaillantii 
Shahtare Irani 

F. asepala Shahtare bikasbarg 

F. densiflora DC. Shahtare porgol 

F. bracteosa Pomel Shahtare bargedar 

F. parviflora Lam. Shahtare golriz 

F. indica (Hausskn.) Pugsley Shahtare hendi 

F. schleicheri Shahtare Azari 

Macroscopic description 

Fumaria species are annual herbaceous plants 

with erect to reclining, branched stems. Their 

compound leaves are both cauline and basal, 

while the inflorescences are typically terminal. 

The fruits are one-seeded, indehiscent capsules 

that are generally spherical to elliptic and pointed 

at the apex. The seeds are spherical to ellipsoid in 

shape, possessing a distinct apical pore and 

longitudinal rib (19). 

In Iran, species identification within the genus 

primarily relies on sepal morphology and the 

ratio of vertical to horizontal fruit diameters. For 

instance, F. asepala lacks sepals, whereas F. 

densiflora has relatively large sepals. Other key 

diagnostic traits include fruit and seed 

morphology, color, and ornamentation. While 

most species bear spherical to elliptic and pointed 

fruits, F. officinalis produces cordate fruits with 

emarginated tips (19). 

Seed color is another distinguishing characteristic 

among Iranian species: F. asepala: grey to golden 

seeds, F. densiflora: brown seeds, F. officinalis: 

green to golden seeds with red spots and dots, F. 

parviflora: green seeds, F. vaillantii: green seeds 

with red longitudinal stripes. Additionally, flower 

density within the inflorescences and 

inflorescence length serve as important 

diagnostic characters for distinguishing Fumaria 

species in Iran (18). 

Microscopic description 

Microscopic studies of Fumaria species reveal 

distinct anatomical characteristics. The leaf 

lamina exhibits a single-layered epidermis on 

both adaxial and abaxial surfaces, while vascular 

bundles are scattered throughout the mesophyll, 

and the stomata are of the anomocytic type (1). 

Cross-sectional analysis of the stem shows a 

quadrangular to pentagonal outline, with 

considerable variation among species in terms of 

cortical thickness, number of vascular bundles, 

and pith diameter (20).  

In contrast, root cross-sections display a 

relatively uniform structure among the studied 

species, generally exhibiting a circular to elliptic 

outline. The root anatomy consists of a single 

epidermal layer followed by one or two thin-

walled, irregularly shaped parenchyma layers. 

Depending on the species, vascular bundles may 

form either a complete ring or remain 

discontinuous, and each vascular bundle is 

typically capped with sclerenchyma tissue (1, 

20). 

Phytochemistry 

Extensive research over the past few decades has 

focused on the identification and characterization 

of various phytochemicals from different parts of 

Fumaria species worldwide. Multiple classes of 

bioactive compounds have been reported, 

including protopine and other alkaloids, 

flavonoids, glycosides, tannins, saponins, 

anthraquinones, steroids, and triterpenoids. 

Among these, a significant group of 

benzylisoquinoline alkaloids, commonly referred 

to as protopine alkaloids, is particularly abundant 

in Fumaria species. The alkaloid content in 

Fumaria extracts varies considerably depending 
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on factors, such as extraction techniques, 

harvesting time, and sample preparation 

procedures. A rapid, efficient, and reliable 

approach for detecting these compounds is based 

on gas chromatography–mass spectrometry (GC-

MS). 

According to Al-Snafi (2020), phytochemical 

analysis revealed that Fumaria officinalis 

contains a diverse range of secondary 

metabolites, including alkaloids, carbohydrates, 

phenolic compounds, flavonoids, glycosides, 

terpenoids, phytosterols, proteins, amino acids, 

saponins, and fixed oils. Additional studies have 

reported the presence of steroids, tannins, and 

several other bioactive constituents (3). The 

major alkaloid of F. officinalis is protopine, 

identified as the principal secondary metabolite 

using GC-MS analysis. Numerous isoquinoline 

alkaloids have been reported in different Fumaria 

species, such as protopine, cryptopine, synactine, 

stylopine, bicuculline, adlumine, parfumine, 

fumariline, fumarophycin, fumaritin, 

dihydrofumaryline, parfomidine, and 

dihydrosanguinarine (9). 

Isoquinoline alkaloids are particularly important 

due to their biological and pharmacological 

activities. In a study conducted by Păltinean et al. 

(2016), eight isoquinoline alkaloids were isolated 

and identified in F. officinalis using high-

performance liquid chromatography (HPLC). 

These included cheleritrine, hydrastine, 

bicuculline, protopine, chelidonine, 

allocryptopine, stylopine, and sanguinarine, with 

protopine and sanguinarine being the most 

abundant (21, 16). Additionally, several 

flavonoids, including isovitexin, rutin, 

isoquercitrin, and quercitrin, were detected in the 

aerial parts of F. officinalis. In Fumaria vaillantii, 

the main alkaloids include protopine, narceimine, 

tetrahydrocoptisine, narulimidine, methyl 

fumarate, naralumidine, bicuculline, and 

fumariline, along with several isoquinoline 

derivatives, such as adlumiceine, adlumidiceine, 

coptisine, cryptopine, fumaricine, fumaritine, 

fumarophycine, O-methylfumarophycine, 

parfumine, sinactine, and N-methylstylopine. 

Preliminary phytochemical screening of whole 

dried F. officinalis confirmed the presence of 

alkaloids, carbohydrates, phenolic compounds, 

flavonoids, glycosides, terpenoids, phytosterols, 

proteins, amino acids, saponins, fixed oils, 

steroids, and tannins. Further fractionation of 

extracts from F. officinalis leaves revealed that (3, 

16, 21, 22): 

• Petroleum ether extracts contained 

phytosterols, saponins, and fixed oils. 

• Chloroform extracts were rich in 

proteins. 

• Ethanolic extracts contained 

carbohydrates, saponins, flavonoids, 

phytosterols, tannins, and phenolics. 

Additionally, isoquinoline alkaloids of several 

structural types have been reported, including: 

• Protopines (e.g., protopine, cryptopine) 

• Protoberberines (e.g., aurotensin, 

stylopine, synactine, N-methylsynactine) 

• Spirobenzylisoquinolines (e.g., 

fumaritine, fumaricine, fumariline) 

• Benzophenanthridines (e.g., 

sanguinarine) 

• Indenobenzazepines and other minor 

alkaloids. 

Two novel isoquinoline alkaloids, fumaranine 

and fumarostrejdine, have been recently isolated 

from the aerial parts of F. officinalis. Moreover, 

the extracts contain various carbohydrates, 

monosaccharides, disaccharides, and organic 

acids. 

Polyphenolic compounds from the ethanolic 

extract of F. officinalis include (21): 

• Flavonols: myricetin, kaempferol, 

quercetin 

• Quercetin glycosides: rutin, hyperoside 

• Flavanone glycosides 

• Flavones: apigenin 

• Phenolic acids: p-coumaric acid, ferulic 

acid, and sinapic acid. 
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Similarly, preliminary phytochemical analysis of 

Fumaria parviflora demonstrated the presence of 

flavonoids, glycosides, tannins, saponins, 

steroids, triterpenoids, phenols, alkaloids, and 

anthraquinones (1, 2, 21). 

Pharmacological and Therapeutic Effects of 

Fumaria species 

1. Antioxidant Effects 

Fumaria species are rich in phenolic compounds 

and flavonoids, which are the primary 

contributors to their antioxidant activity (23). 

Various extracts, including aqueous, ethyl 

acetate, chloroform, and methanolic forms, 

exhibit significant free radical scavenging ability. 

Hanachi et al. (2020) reported that aqueous 

extracts of F. vaillantii demonstrated the highest 

cytotoxic effects on breast cancer cells (4), while 

Tabrizi et al. (2016) found methanolic extracts 

rich in phenolics, although aqueous extracts were 

more effective and safer (24). 

2. Hepatoprotective Effects 

Hepatoprotective properties are among the most 

studied effects of Fumaria species. Ethanolic and 

methanolic extracts of F. parviflora and F. 

officinalis significantly reduce liver enzymes 

(ALT, AST, ALP) and bilirubin levels. Studies 

using CCl₄-induced hepatotoxicity models 

confirm protective effects, attributed in part to 

compounds, including monomethyl fumarate. 

Comparisons with silymarin suggest comparable 

efficacy in protecting liver tissues (8, 9, 25). 

3. Anti-Inflammatory and Analgesic Effects 

The presence of caffeic acid and phenolic 

derivatives grants strong anti-inflammatory 

activity to Fumaria extracts. Ethanolic extracts of 

F. indica demonstrated significant reductions in 

inflammatory markers across multiple models. In 

analgesic studies, methanolic extracts of F. 

parviflora and ethanolic extracts of F. officinalis 

increased pain thresholds in dose-dependent 

manners, comparable to diclofenac in some 

models (3). 

4. Antimicrobial and Antifungal Effects 

Fumaria species show potent activity against 

Gram-positive and Gram-negative bacteria, 

including Staphylococcus aureus, Klebsiella 

pneumoniae, and E. coli (26). Fuyuziphine, an 

alkaloid from F. indica, strongly inhibits fungal 

spore germination, while berberine iodide 

demonstrates high antifungal efficacy against 

Penicillium, Fusarium, and Erysiphe species. 

Such findings indicate potential applications in 

developing eco-friendly antifungal and 

antibacterial formulations (4, 24). 

5. Anticancer Effects 

Aqueous, methanolic, and ethanolic extracts of F. 

vaillantii exhibit cytotoxic and pro-apoptotic 

properties against multiple cancer cell lines (27). 

Mechanisms include induction of apoptosis, 

suppression of tumor cell proliferation, and 

oxidative stress modulation. Among different 

solvents, aqueous extracts tend to show higher 

efficacy and lower toxicity compared to 

methanolic extracts (4, 24). 

6. Antidiabetic and Metabolic Effects 

Fumaria parviflora methanolic extracts exhibit 

hypoglycemic effects in streptozotocin-induced 

diabetic models. Srivastava and Choudhary 

(2014) reported that combining Fumaria indica 

extracts with fenugreek significantly reduced 

blood glucose levels in diabetic patients. Serum 

triglycerides, total cholesterol, and LDL levels 

decreased, while HDL levels increased, 

indicating metabolic benefits possibly mediated 

by pancreatic beta-cell stimulation (16). 

7. Cardioprotective and Antihypertensive 

Effects 

Fumaria officinalis demonstrates significant 

antihypertensive properties, likely related to its 

effects on vascular smooth muscle tone. The 

antioxidant-rich phytochemicals may also 

provide protective effects against oxidative 

cardiac damage. These findings suggest potential 

uses in cardiovascular health management (3, 

28). 

8. Neuroprotective and Antidepressant 

Effects 
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Extracts of Fumaria species have been explored 

for the treatment of Alzheimer’s, Parkinson’s, and 

cognitive dysfunctions. Their mechanisms 

include inhibition of acetylcholinesterase and 

butyrylcholinesterase, as well as modulation of 

neurotransmitter systems. F. indica has 

demonstrated anxiolytic and CNS-depressant 

properties, potentially useful in neuropsychiatric 

disorders (11). 

9. Diuretic, Choleretic, and Detoxification 

Effects 

In traditional medicine, Fumaria species are 

widely used as natural diuretics and blood 

purifiers. Modern studies confirm increased bile 

secretion (amphocholeretic activity) and 

prevention of gallstone formation. These 

properties highlight their role in detoxification 

and managing biliary disorders, including 

cholelithiasis and cholangitis (2, 29). 

10. Dermatological and Wound Healing 

Effects 

Fumaria extracts are traditionally used to treat 

eczema, psoriasis, and pruritus. Recent studies 

confirm efficacy in wound healing, especially 

with hydrogel formulations containing F. 

vaillantii extract, which accelerate epithelial 

tissue regeneration (30). Additionally, aqueous 

extracts demonstrate gastroprotective effects by 

reducing gastric acidity and protecting mucosal 

layers (2, 6, 10). 

Molecular Mechanisms Underlying 

Pharmacological Activities of Fumaria Species 

Recent studies provide preliminary insights into 

the molecular pathways through which Fumaria 

species exert their pharmacological effects. 

Although these mechanisms are not yet fully 

elucidated, available evidence indicates that 

several classes of alkaloids and polyphenols 

present in Fumaria extracts participate in the 

modulation of oxidative, inflammatory, 

metabolic, and neuronal signaling pathways. 

1. Antioxidant Mechanisms 

Polyphenolic compounds such as quercetin, rutin, 

and kaempferol isolated from Fumaria officinalis 

and F. parviflora exhibit strong free-radical 

scavenging activity. These compounds enhance 

endogenous antioxidant defense systems by 

activating Nrf2-dependent pathways, increasing 

the expression of heme oxygenase-1 (HO-1), 

superoxide dismutase (SOD), and glutathione 

peroxidase (GPx) (22, 4, 24). 

 

2. Anti-inflammatory Pathways 

Isoquinoline alkaloids—especially protopine, 

sanguinarine, and chelidonine—have been shown 

to suppress inflammatory mediators. In vitro and 

in vivo studies demonstrate inhibition of COX-2, 

NF-κB activation, and reduced secretion of TNF-

α and IL-6, thus supporting the anti-inflammatory 

and analgesic traditional uses (3, 16). 

3. Hepatoprotective Mechanisms 

Hepatoprotective activity of Fumaria is linked to 

modulation of cytochrome P450 enzymes, 

reduction of lipid peroxidation, and prevention of 

hepatocellular apoptosis. Monomethyl fumarate 

and protopine improve bile secretion through 

amphocholeretic activity and protect hepatocytes 

by stabilizing mitochondrial membranes (24, 4, 

3). 

4. Antidiabetic and Metabolic Effects 

Extracts of F. parviflora and F. indica improve 

glucose regulation through enhancement of 

insulin sensitivity and protection of pancreatic β-

cells against oxidative damage. Some alkaloids 

modulate glucose transporters (GLUT-2/GLUT-

4) and inhibit α-amylase and α-glucosidase, 

contributing to postprandial glucose reduction 

(16, 3). 

5. Neuroprotective and Neuromodulatory 

Mechanisms 

Protopine and related alkaloids act as mild 

acetylcholinesterase (AChE) inhibitors, 

contributing to cognitive enhancement and 

neuroprotection. Additional studies show 

modulation of dopaminergic and GABAergic 
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neurotransmission, suggesting potential 

anxiolytic and antidepressant effects (3). 

6. Anticancer Mechanisms 

The cytotoxic effects of F. vaillantii extracts are 

associated with the induction of apoptosis via 

caspase-3 activation, mitochondrial 

depolarization, and ROS-mediated DNA damage. 

Sanguinarine, in particular, is known to inhibit 

cell cycle progression and induce apoptosis in 

tumor cells (4, 24). 

Conclusion: 

Fumaria species are rich sources of diverse 

secondary bioactive metabolites with varying 

structures and pharmacological functions. Due to 

this chemical diversity, no single solvent or 

extraction method can effectively isolate all 

compounds. Plant extracts, therefore, represent a 

complex mixture of biologically active 

constituents, and the therapeutic efficacy largely 

depends on the extraction method and the 

treatment regimen applied. 

Fumaria species, commonly known as 

fumitories, hold significant potential in drug 

discovery and pharmaceutical research. These 

plants have been traditionally collected and used 

in different parts of the world based on local 

ethnobotanical knowledge (1, 10). The evidence 

summarized in this review highlights their broad 

spectrum of medicinal and biological activities, 

supporting their potential use in the treatment of 

various diseases. Notably, their alkaloid-rich 

composition, particularly compounds with strong 

antioxidant properties, suggests a promising role 

in the development of multifunctional therapeutic 

agents. Furthermore, no serious toxic effects have 

been reported for these plants so far, which 

strengthens their potential for applications in the 

pharmaceutical, antifungal, and antiseptic 

industries (2, 3, 10, 22, 21, 31). 

It is important to note that in traditional and 

complementary medicine, Fumaria extracts are 

often used in combination with other medicinal 

plants, which may enhance or reduce their 

pharmacological effects. For example, in Iran, 

Fumaria extract is frequently administered 

alongside chicory extract to enhance 

hepatoprotective properties. Therefore, further 

research is needed to establish standardized 

guidelines for dosage, safety, and therapeutic 

combinations. 
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