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Abstract: Carthamus tinctorius Linn., commonly known as Safflower, is a multifunctional commercial 

plant widely grown worldwide and has been used empirically by people in Indonesia, especially in 

South Sulawesi, for treating measles and is known as Kasumba Turate. Several articles have reported 

the content of Safflower, which contains large amounts of polyphenols and flavonoids in its flowers, 

seeds, and leaves so that it can be attributed to a broad spectrum of pharmacological effects. This review 

article aims to provide insight into Safflower's phytochemical profile and pharmacological activity. A 

literature search using online-based library search instruments such as Pubmed, Science Direct, MDPI, 

and Google scholar was used to collect the literature. The pieces of literature collected were then 

arranged according to the framework of a narrative review. More than 200 compounds have been 

isolated from Safflower: Quinochalcones, Flavonoids, Alkaloids, Polyacetylene, Organic acids, and 

other compounds. The reported pharmacological activities are Antimicrobial, Antimalarial, Antiacne 

and Antidandruff, Anticancer and Antitumor, Antidiabetic, Antiadipogenic, Antiobesity, Antifibrosis, 

Hepatoprotective, Cardiovascular, Antihemolytic, Anticoagulant and antithrombotic, cerebrovascular, 

Neuroprotective, Antianxiety, Anti-Imunodepressant, Anti-inflammatory, Anti-inflammatory, 

Antioxidant, and Antiaging. Based on this review, Safflower is a candidate natural ingredient that has 

the potential to be developed into a medicine  
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1. Introduction 

Indonesia is a tropical country that is well known as a producer of various agricultural 

commodities, including medicinal plants [1]. Herbal medicines and their active compounds 

have attracted significant attention as functional ingredients because they have fewer side 

effects [2]. Carthamus tinctorius Linn., commonly known as Safflower, is widely used as 

traditional medicine in Indonesia [3]. Other names are Zaffer and Dyer's Saffron [4]; it is a 

plant from the Asteraceae family that grows widely in the world [2], contains yellow and red 

pigments (Carthamin) in the petals, yellow pigment (soluble in water) while red pigment 

(insoluble in water) [5]. It has been grown from China to the Mediterranean area for centuries. 

Still, it is now grown for commercial purposes in Pakistan, India, USA, Ethiopia, Mexico, 
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Kazakhstan, Argentina, Spain, Turkey, Canada, Iran [6], Egypt, Italy, and Australia [7]. 

Kasumba Turate is another name for this plant that has been used as medicine [8], empirically 

used by the people of South Sulawesi for treating measles, which is given by brewing with hot 

water to increase the immune system body [9]. 

Safflower contains mostly polyphenols and flavonoids [10]. In addition, glycosides, 

sterol [11], quinochalcones, safflower polysaccharide (SPS) [12], organic acids, polyacetylene 

[13], kinobeone A, HSYA, tinctormine [14], safflower yellow A, safflomin, cartorimine, and 

alkaloids [15], are also found in Safflower. Modern pharmacological studies have shown that 

Safflower has abundant pharmacological effects, including dilating coronary arteries, 

improving myocardial ischemia, modulating the immune system, anticoagulation, 

antithrombosis, improving blood circulation, antioxidant, anti-inflammatory, antibacterial, 

acute cerebral infarction [12], antitumor, antiosteoporosis, antianxiety, antidepressant [13], 

hyperlipemia, arteriosclerosis, hypoallergenic, and fibrosis antagonist [15]. This review article 

aims to provide an updated view of Safflower's Phytochemical Profile and Pharmacological 

Activity. 

2. Materials and Methods 

This review was done based on the results of the collection and review of literature 

obtained from Pubmed, Science Direct, MDPI, and Google scholar with several related 

keywords such as "Carthamus tinctorius Linn. OR Safflower", "Phytochemical AND 

Carthamus tinctorius Linn." and "Pharmacological activity AND Carthamus tinctorius Linn.". 

The main inclusion criteria were research articles that discussed C. tinctorius Linn. or 

Safflower's phytochemical profile and pharmacological activity. The criteria for inclusion in 

supporting articles are articles that discuss secondary metabolites of Safflower, which have 

pharmacological activity. This supporting article was taken from articles published between 

2008-2022, with most of the included articles published after 2012. The exclusion criteria for 

the main article were not related to the pharmacological activity of secondary metabolites of 

Safflower. 

This systematic review was compiled from 57 publications from Pubmed, Science 

Direct, MDPI, and Google scholar from 2008 to 2022. However, 1 was excluded, with no 

association with the pharmacological activity of secondary metabolites of Safflower 

(Carthamus tinctorius Linn). After screening, the resulting 56 articles contained 6 subtypes of 

phytochemical profile with pharmacological activity of Safflower and 50 subtypes of 

pharmacological activity of Safflower. The article search flow can be seen in Figure 1. 

 
Figure 1. Article literature search flow chart (2008-2022) 

Articles identified through databases Pubmed, 
Science Direct, MDPI, dan Google scholar (n=57) 

Exclusion (n=1) 

• Not related to the pharmacological 
activity of secondary metabolites of 
safflower (Carthamus tinctorius Linn) 
(n=1).  

Included articles (n= 56): 

• Phytochemical profile with 
pharmacological activity of safflower 
(n=6) 

• Pharmacological activity of safflower 
(Carthamus tinctorius Linn) (n=50). 
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3. Results and Discussion 

3.1. Botany. 

As a distinctive botanical character, Safflower grows to a height of 30-180 cm upright, 

multi-branched, perennial plant. The leaves are arranged in a spiral of 4-20 cm x 1-5 cm. The 

leaf margins are jagged, glossy dark green, and herbaceous when young, turning hard and stiff 

as they mature. It is 4 cm long and 2,5-4 cm in diameter and contains only a single flower 

(Florest). It has many petals arranged in a spiral. The base of the flower is flat to conical, 

numerous, erect, with white hairs 1-2 cm long, and there are 20-80 unisexual flowers, tubular, 

actinomorphic, about 4 cm long, glabrous, mostly reddish-orange, which turns dark red when 

blooming, sometimes yellow, crown composed of 5 lobes, tubular length 18-22 mm, lobes 

spreading, stamens 5. Root system well-formed, greenish-brown, roots thick and fat, pierces 

up to 3 m into the ground, lateral branches thin horizontally, mostly above 30 cm. The stalk is 

cylindrical, dense with a soft core, and woody near the base [16]. It has many thin horizontal 

lateral roots and a taproot, which can grow to a depth of more than two meters to obtain 

nutrients and store water under the soil when the climate is dry [4]. 

3.2. Phytochemistry. 

More than 200 compounds have been isolated from C. tinctorius: flavonoids, 

phenylethanolic glycosides, coumarins, fatty acids, steroids, polysaccharides [17], and 

quinochalcones [18] (Table 1). 

3.2.1. Quinochalcones. 

Quinochalcones consist of almost all the red and yellow pigments in C. tinctorius 

flowers. The main component of the yellow pigment is Hydroxysafflor yellow A (HSYA) [19]. 

This compound is classified into the quinochalcone family because it has a unique structure 

with C-glycosylated cyclohexanonedienol, which only occurs in this plant [18]. 

3.2.2. Flavonoid. 

Flavonoids are natural polyphenol compounds that are widely distributed in medicinal 

plants. This compound exhibits a wide range of biological activities and is considered a 

characteristic and active constituent of C. tinctorius. More than 50 flavonoid derivatives, such 

as quinochalcones, C-glycosides, O-glycosides, and kaempferol derivatives, have been isolated 

from C. tinctorius [19]. Among the many compounds in flavonoids, flavonol glycosides are 

the most studied components, which have been shown to have antioxidant activity [18]. 

3.2.3. Alkaloid. 

Alkaloids, such as N-feruloylserotonin, N-feruloyltryptamine, and serotonin 

derivatives, are also widely distributed in the flowers and seeds of C. tinctorius. N-

feruloylserotonin and N-(p-coumaroyl) are generally considered to be the main active alkaloids 

[19]. It is necessary to develop new melanogenesis inhibitors because it was found o strongly 

inhibit melanin production from alkaloids. Serotonin and spermidine derivatives have been 

isolated from Safflower. Several pure serotonin derivatives were found to have antioxidant 

activity [17]. Two new spermidine compounds have been isolated from C. tinctorius flowers: 
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safflospermidine A and safflospermidine B, and two known compounds N1, N5, N10-(Z)-tri-

p-coumaroylspermidine and N1 , N5, N10-(E)-tri-p-coumaroylspermidine [19]. 

3.2.4. Polyacetylene. 

Polyacetylene represents a class of simple linear conjugated polymers and related 

derivatives with conjugated triple bonds. In early reports of polyacetylene in C. tinctorius 

plants in the 1980s, polyacetylene has since been distributed in roots, flowers, immature seeds, 

and stems infected with Phytophthora [19]. Several pairs of cis-trans isomers were observed 

from the structure of components isolated from Safflower. Perhaps because of its low content, 

its pharmacological action is rarely investigated [18]. 

3.2.5. Organic acid. 

Safflower is a plant that contains various organic acids in the oil from its seeds. Standard 

safflower oil contains approximately 71-75% linoleic acid, 16-20% oleic acid, 6-8% palmitic 

acid, and 2-3% stearic acid [19]. 

3.2.6. Other components. 

Many other components have been isolated from C. tinctorius, such as roseoside, 

uridine, uracil [19], erythro-alkane-6,8-diol, lignans, aromatic glucosides, and many more. 

Several pure compounds were isolated and proven to have biological action. Kinobeon A, 

isolated from safflower cell culture, was shown to have potent antioxidants. A lignan glycoside, 

traceloside, was investigated to exert an antiestrogenic effect. In addition, the bioactive 

triterpenoid saponin, 3β-O-[β-D-xylopyranosyl(1-3)-O-β-D-galac-topyranosyl]-lup-12-ene-28 

oic acid-28-O-α L -rhamnopyranosyl ester, exhibits anti-inflammatory activity [18]. 

Table 1. Phytochemical Profile of Safflower (Carthamus tinctorius L.). 

Part of the plant Classification Chemical Compound Reference 

Flower Quinochalcones Anhydrosafflor yellow B 

Carthamin 
Cartorimine 

Hydroxysafflor yellow A 

Methylisosafflomin C 

Methylsafflomin C 
Precarthamin 

Safflomin A 

Safflomin C 

Saffloquinoside A 
Saffloquinoside B 

Saffloquinoside C 

Saffloquinoside D 

Saffloquinoside E (or isosafflomin C) 
Safflor yellow A 

Safflor yellow B 

Tinctorimine 

[18] 

Flavonoid (2R)-4′,5-dihydroxyl-6,7-di-O-β-D-

glucopyranosyl flavanone 

5,7-dihydroxy-4′-methoxy flavone 7-O-β-D-
apiofuranosyl-(1-6)-O-β-D-glucoside 

6-Hydroxykaempferol-3,6,7-tri-O-β-D-glucoside 

6-Hydroxykaempferol-3,6-di-O-β-D-glucoside 

6-Hydroxykaempferol-3,6-di-O-β-D-glucoside-7-
O-β-D-glucuronide 

6-Hydroxykaempferol-3-O-β-D-glucoside 

6-Hydroxykaempferol-3-O-β-rutinoside-6-O-β-

D-glucoside 
6-Hydroxykaempferol-6,7-di-O-β-D-glucoside 

[18]-[20] 
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Part of the plant Classification Chemical Compound Reference 
6-Hydroxykaempferol-7-O-β-D-glucoside 

Acacetin 
Acacetin-7-O-β-D-glucuronide 

Apigenin 

Apigenin-6,8-di-C-β-D-glucopyranoside, 5,6,7,4′-

rahydroxyflavanone-5-O-β-D-
glucoside(neocarthamin) 

Kaempferol 

Kaempferol-3-O-β-D-glucoside 

Kaempferol-3-O-β-D-glucoside-7-O-β-D-
glucuronide 

Kaempferol-3-O-β-rutinoside 

Kaempferol-3-O-β-sophorose, 6-

Hydroxykaempferol 
Quercetin 

Quercetin-3,7-di-O-β-D-glucoside 

Quercetin-3-O-α-L-rhamnoside-7-O-β-D-

glucuronide 
Quercetin-3-O-β-D-glucoside 

Quercetin-3-O-β-rutinoside (Rutin) 

Quercetin-7-O-β-D-glucoside 

Scutellarein 

Daphnoretin 

Isorhamnetin 
Saffloflavonesides A 

Saffloflavonesides B 

Safflomin B. 

Umbelliferone 

[19] 

Alkane-1,3-diols 

Nicotiflorin 

[17] 

Alkaloid Adenine 

Adenosine 
Thymine 

Uracil 

Uridine 

[18] 

Guanosine 

N1, N5 -(Z)–N10-(E)-tri-p-coumaroylspermidine 

7,8-dimethyl pyrazino[2,3-g] quinazolin-2,4-
(1H,3H) dione 

N1, N5, N10-(E)-tri-p-coumaroylspermidine 

N1, N5, N10-(Z)-tri-p-coumaroylspermidine 

Safflospermidine A 
Safflospermidine B 

[19] 

Polyacetylene 4′,6′-acetonide-8Z-decaene-4,6-diyne-1-O-β-D-
glucopyranoside 

4,6-decadiyne-1-O-β-D-glucopyranoside 

(8Z)-decaene-4,6-diyne-1-O-β-D-

glucopyranoside 
(8E)-decaene-4,6-diyne-1-O-β-D-

glucopyranoside 

(8Z)-decaene-4,6-diyne-1-ol-1-O-β-D-

glucuronyl-(1″-2′)-β-D-glucopyranoside 

(2E,8Z)-decadiene-4,6-diyne-1-ol-1-O-β-D-

glucopyranoside 

(2E,8E,10E)-tridecatriene-4,6-diyne-1,12,13-
triol-1-O-β-D-glucopyranoside 

(2E)-tetradecaene-4,6-diyne-1,10,14-triol-1-O-β-

D-glucopyranoside 

(2E,8E)-tetradecadiene-4,6-diyne-1,12,14-triol-1-
O-β-D-glucopyranoside 

(2Z,8Z)-tetradecadiene-4,6-diyne-1,12,14-triol-1-

O-β-D-glucopyranoside 

(2Z,8E)-tetradecadiene-4,6-diyne-1,12,14-triol-1-

O-β-D-glucopyranoside 

(2E,8Z)-tetradecadiene-4,6-diyne-1,12,14-triol-1-

O-β-D-glucopyranoside 

(2E,8E)-tetradecadiene-4,6-diyne-1,11,14-triol. 

[18] 

Organic Acid p-coumaric acid 

p-hydroxybenzoic acid 

[19] 
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Part of the plant Classification Chemical Compound Reference 
Succinic acid 

4-O-β-D-glucopyranosyloxy-benzoic acid 
4-O-β-D-glucosyl-trans-p-coumaric acid 

4-O-β-D-glucosyl-cis-p-coumaric acid 

Other components (-)-4-hydroxybenzoic-4-O-[6′-O-(2″-

methylbutyryl)-β-D-glucopyranoside] 

2,3-dimethoxy-5-methylphenyl-1-O-β-D-

glucopyranoside 
2,6-dimethoxy-4-methylphenyl-1-O-β-D-

glucopyranoside 

3β-O-[β-D-xylopyranosyl(1-3)-O-β-D-

galactopyranosyl]-lup-12-ene-28 oic acid-28-O-
α-L-rhamnopyranosyl ester 

Dihydrophaseic acid 3-O-β-D-glucopyranoside 

Ethyl-3-(4-O-β-D-glucopyranosyl-3-

methoxyphenyl) propionate 
Ethylsyringin 

Fat acid 

Methyl-3-(4-O-β-D-glucopyranosyl-3-

methoxyphenyl) propionate 

Methyl-3-(4-O-β-D-glucopyranosylphenyl) 

propionate 

Methylsyringin 

Roseoside 
Sitosterol 

Traceloside 

[18]  

Syringin [19] 

Leave Flavonoid Luteolin 
Luteolin-7-O-(6″-O-acetyl)-β-D-glucopyranoside 

Luteolin-7-O-β-D-glucopyranoside 

Quercetin-7-O-(6″-O-acetyl)-β-D-

glucopyranoside. 

[18]-[21]  

Acacetin-7-O-β-D-glucuronide 

Apigenin-6,8-di-C-β-D-glucopyranoside 
Quercetin 7-O-β-D-glucopyranoside 

[19] 

Seed Flavonoid Acacetin [18] 

Acacetin 7-O-α-L-rhamnopyranoside 
Acacetin-7-O-β-D-apiofuranosyl-(1-6)-O-β-D-

glucoside 

Kaempferol 7-O-β-D-glucopyranoside 

 

Alkaloid 4,4″-bis(N-p-coumaroyl) serotonin 

4,4″-bis(N-p-feruloy) serotonin. 

4-[N-(p-coumaroyl) serotonin-4″-yl]-N-
feruloylserotonin 

N-(p-coumaroyl) serotonin 

N-(p-coumaroyl) serotonin-O-β-D-

glucopyranoside  
N-(p-coumaroyl) tryptamine 

N-feruloylserotonin 

N-feruloylserotonin-O-β-D-glucopyranoside 

N-feruloyltryptamine 
Serotobenine 

[18] 

N- [2- [3’ -[2-(p-coumaramido) ethyl]-5,5’ -
dihydroxy- 4,4’ -bi-1H-indol-3-yl] ethyl] 

ferulamide 

N, N’ - [2,2’ -(5,5’ -dihydroxy-4,4’ -bi-1H-indol-
3,3’ -yl) diethyl]-diferulamide 

N, N’- [2,2’ -(5,5’ -dihydroxy-4,4’ -bi-1H-indol-

3,3’ -yl) diethyl]-di-p-coumaramide 

N-[2-(5-hydroxy-1H-indol-3-yl) ethyl]-
ferulamide 

N-[2-(5-hydroxy-1H-indol-3-yl) ethyl]-p-

coumaramide 

N-[2-[5-(β-D-glucosyloxy)-1H-indol-3-yl) ethyl] 
ferulamide 

N-[2-[5-(β-D-glucosyloxy)-1H-indol-3-yl) ethyl]-

p-coumaramide 

[17],[19] 

Polyacetylene 1-Tridecene-3,5,7,9,11-pentayne 

11Z-Trideca-1,11-diene-3,5,7,9-tetrayne 

[19] 
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Part of the plant Classification Chemical Compound Reference 
11E-Trideca-1,11-diene-3,5,7,9-tetrayne 

3E-Trideca-1,3-diene-5,7,9,11-tetrayne 
3Z,11Z-Trideca-1,3,11-triene- 5,7,9-triyne 

3Z,11E-Trideca-1,3,11-triene- 5,7,9-triyne 

3E,11E-Trideca-1,3,11-triene- 5,7,9-triyne 

3E,5Z,1lE-Trideca-1,3,5,11-tetraene-7,9-diyne 
3Z,5E,1lE-Trideca-1,3,5,11-tetraene-7,9-diyne 

3E,5E,1lE-Trideca-1,3,5,11-tetraene-7,9-diyne 

Organic Acid Caffeic acid 

Ferulic acid 

Myristic acid 

Palmitic acid 
Palmitoleic acid 

Sinapic acid 

Stearic acid 

[19] 

Linoleic acid (63%-72%) 

Linolenic acid (1%-5%) 

Oleic acid (16%-25%) 

[17] 

Other compounds (15α,20R)-Dihydroxypregn-4-en-3-one 60 -O-

acetyl-20- β-cellobioside 
Arctigenin 

Coniferyl alcohol 

Matairesinol 

Matairesinol 40 -O-β-D-apiofuranosyl (1-2)-β-D-
glucopyranoside 

Secoisolariciresinol 

Sinapyl alcohol 

Trachelogenin 

[19] 

3.3. Traditional uses. 

Safflower (C. tinctorius L.) is a medicinal herb with a long history of clinical use. 

Safflower has been cultivated in more than 60 countries worldwide [22]. Safflower belongs to 

the Asteraceae family and is an endemic plant from South Sulawesi, traditionally used in 

treating measles. The dried flowers are brewed hot water to increase endurance [9].  

Safflower is often used in traditional Chinese medicine to improve hormone balance, 

remove blemishes, regenerate new cells, promote blood circulation, remove bruises, stroke, 

gynecological diseases, coronary heart disease, angina pectoris, hypertension, amenorrhea, 

gastric tumors, relieve pain and remove blood stasis. The leaves are used as a diuretic and 

vaginal discharge medicine. In Mongolian and Tibetan medicine, Safflower treats liver 

metabolic disorders, such as hepatomegaly, liver injury, and eye [4], [23]-[25]. A safflower 

seed extract has been used to treat blood stasis, promote bone formation, and prevent 

osteoporosis in Korea [24]. In India, it is commonly used for scurvy, arthritis, and mastalgia, 

while In Iran is used for skin patches, baldness, and phlegm. In Persia, Safflower is usually 

used to treat diabetes, phlegmatic fever, melancholy, and dropsy [4]. In addition, Safflower is 

given during the puerperium after childbirth or even miscarriage, helping to cope with 

postpartum in Arabic countries [26]. 

Modern pharmacological studies have shown that Safflower has many beneficial 

bioactivities, such as anti-inflammatory, antioxidant, and antitumor effects. Safflower 

preparations have been widely applied in clinics, such as safflower injection. The main 

components of Safflower are polysaccharides, flavonoids, essential oils, alkaloids, lignans, and 

organic acids. Safflower seeds have been used as a beneficial seed oil for hundreds of years in 

several countries, including China, India, Mexico, and America. The safflower plant is also 

non-toxic and has negligible side effects [22]. 
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3.4. Pharmacological activities. 

3.4.1. Antibacterial. 

Antimicrobial studies of Safflower essential oil showed good activity against 

Cryptococcus neoformans ATCC 90113 with an IC50 value of 8 μg/mL [20]. Another study 

reported that Safflower extract (0.5%) could inhibit the growth of Salmonella pullorum and 

Escherichia coli with an inhibition zone of around 11-19 mm. The bioactive compounds of 

Safflower extract, namely flavonoid derivatives, glycosides, sterols, and serotonin, are reported 

to have different ways of inhibiting bacterial growth, such as inhibiting protein synthesis and 

cell membranes, interfering and inhibiting the binding of enzymes, such as ATPase, inhibiting 

the use of oxygen by bacteria, and denatures bacterial cell proteins and damages the 

cytoplasmic membrane. In addition, the hydrophobic components of the essential oil contained 

in the Safflower extract were reported to be effective against gram-positive and gram-negative 

bacteria (Figure 2) [27]. It was also reported that Safflower formulated into emulsion-type eye 

drops exhibited bactericidal activity against Staphylococcus aureus ATCC 6538-P, which 

growth suppression zone was 9.0 ± 0.0 mm [28]. 

 
Figure 2. Structure of Serotonin, Glycosides, Essential Oil, Steroids, and Flavonoids Compounds in Carthamus 

tinctorius L as antibacterial. 

3.4.2. Antimalaria. 

The ethanolic extract of Safflower had potent antimalarial activity in vitro with an IC50 

value of 1.06 μg/mL [9]. The essential oil showed weak Safflower antimalarial activity (IC50 

47600 μg/mL) against P. falciparum (D6) and ( W2), which was resistant to chloroquine 

(Figure 3) [20]. In addition, the chloroform and n-butanol fractions could not inhibit 

parasitemia, while the ethyl acetate fraction could inhibit >50% parasitemia with the highest 

inhibitory power at 100 μg/mL of 94.48%. The ethyl acetate fraction was active as an 

antimalarial with an IC50 of 1.25 μg/ml [29]. 
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Figure 3. Structure of Essential oil from Carthamus tinctorius L as antimalaria. 

3.4.3. Antiacne and antifungal. 

In the antiacne test, the inhibition zone with a diameter of 11 mm was obtained from 

the positive control and the control (solvent) each of 20 mm, and there was no inhibition. 

Therefore, Safflower exhibits significant antimicrobial activity against acne-causing bacteria. 

In the antidandruff test, the microbial inhibition zone that causes dandruff was obtained by 9 

mm for Safflower extract, 3 mm for antifungal (fluconazole), and no solvent inhibition zone 

(control). It is proven that the presence of saponins and stigmasterols could control various 

microbial growths (Figure 4). The ability of saponins to form soap also helps damage the walls 

of microbial cells, which in turn causes leakage of proteins and enzymes from these cells [30]. 

 
Figure 4. Structure of Saponins and Stigmasterol in Carthamus tinctorius L as antifungal. 

3.4.4. Anticancer. 

SPS (Safflower polysaccharide) inhibited the proliferation of HeLa cells, shown at a 

concentration of 0.32 mg/mL, providing a suppressive effect similar to that of the positive 

group (5 μg/ml cisplatinum). IC50 values among all treatments obtained the highest 

proliferation inhibition effect of 91.23% at a concentration of 0.64 mg/mL after 72 hours and 

87.60% when the concentration was increased to 1.28 mg/mL. Testing using flow cytometry, 

the proportion of apoptotic cells in Q2 was 24.63% and in Q4 was 9.74%, indicating that the 

apoptosis rate increased significantly after SPS administration in a dose-dependent manner (P 

< 0.05). Moreover, SPS inhibits the expression and activation of mTOR, which plays a central 

regulatory role in proliferation, growth, differentiation, and metabolism and regulates protein 

biosynthesis. It was also reported that SPS could increase BAD and decrease Bcl-2 expression. 

It suggests that SPS-induced apoptosis may occur through the downregulation of the PI3/AKT 

pathway, which plays a vital role in regulating cell proliferation, differentiation, apoptosis, and 
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migration [31]. Another study reported that the administration of SPS (0.02-0.64 mg/mL) 

during 24-72 hours inhibits the proliferation of HN-6 cells. A concentration of 0.64 mg/mL 

significantly induced apoptosis in HN-6 cells and stopped the cell cycle in the G0/G1 phase. 

In addition, SPS significantly inhibited the growth of tumor xenografts, with similar changes 

in the expression of Bcl-2, COX-2, Bax, and cleaved caspase-3 analyzed in vitro [12]. In vitro 

and in vivo compounds Tracheloside (TCS) isolated from the Safflower plant can inhibit the 

proliferation of Colorectal Cancer Cell (CRC) cells. In CT26 cells, administered TCS was 

associated with the upregulation of p16 and downregulation of cyclin D1 and CDK4 in cell 

cycle arrest. TCS also induces apoptosis of CT26 cells through mitochondrial-mediated 

apoptosis and regulation of the Bcl-2 family [32]. Other compounds, such as Hydroxysafflor 

yellow A (HSYA) exert anticancer activity by inhibiting the expression of ICAM1, MMP9, 

TNF-α, and VCAM1 and inducing the expression of the transcription factor phosphor-nuclear 

kappa B p65 (p-P65) and phosphorus-I kappa B-alpha (p-IκBα). HSYA suppresses 

proliferation, invasion, and migration, inducing EC cell apoptosis partly through regulation of 

the NF-κB signaling pathway [33]. The combination of hydroxysafflor yellow B (HSYB) and 

Doxorubicin (DOX) significantly decreased Bcl‑2 expression levels in MCF‑7 cells. The 

expression levels of apoptosis-associated proteins, including caspase‑9, BAX, and caspase‑3, 

were markedly increased. Further testing using flow cytometry and western blot analysis 

showed that the combination of HSYB and DOX treatment stimulated an increase in 

intracellular reactive oxygen species and promoted the release of cytochrome c, leading to 

apoptosis (Figure 5) [34]. 

 
Figure 5. Structure of Hydroxyl Safflower Yellow A, Hydroxyl Safflower Yellow B, Tracheloside from  

Carthamus tinctorius L as anticancer. 

3.4.5. Antidiabetic. 

Safflower extract doses of 200mg/kg and 300mg/kg after 30 days compared with 

diabetes control showed a significant increase in insulin levels. Safflower might have a 

hypoglycemic effect by increasing insulin secretion due to its anti-inflammatory effect. 

Safflower contains carthamin, known as polyunsaturated fatty acid (78% linolenic acid), which 

has the highest antioxidant potential, helps in free radical scavenging activity and helps reduce 

oxidative stress. Thus, improving blood glucose levels [35]. Other studies have also reported 
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that administering Safflower methanol extract orally at two different concentrations, 30mg/kg 

BW and 20mg/kg BW resulted in a significant decrease in blood glucose at the 5th and 7th 

hours. This reduction in blood sugar may be due to flavonoid compounds which are reported 

to be effective in several complications of diabetes, such as heart disease, neuropathy, and 

retinopathy (Figure 6) [36]. HSYA showed antidiabetic effects based on its antioxidant and 

anti-inflammatory mechanisms through the JNK/c-jun pathway, NOX4 pathway, and 

macrophage differentiation, both in vitro and in vivo. It was also reported that the effect of 

HSYA in DMT2 mice is related to the following activities: direct or indirect inhibition of 

pancreatic cell apoptosis, enhancement of insulin resistance, and regulation of glycolipid 

metabolism [37]. Therefore the use of Safflower can be safely recommended for both the 

prevention and treatment of type 2 DM [35]. 

 
Figure 6. Structure of Carthamin and Flavonoids from Carthamus tinctorius L as antidiabetics. 

3.4.6. Antiadipogenic. 

Icariside H and (2S)-4',5,6,7-tetrahydroxyflavavone 6-O-β-D-glucopyranoside 

compounds efficiently inhibit de novo adipocyte formation and lipid accumulation. In addition, 

the mRNA expression of adipocyte marker genes (Adipsin and Fabp4) was significantly 

reduced [38]. The compound (2E,4E)-Dihydrophaseic Acid Methyl Ester-3-O-β-D-

Glucopyranoside from Safflower was demonstrated in 3T3-L1 preadipocytes.  

 
Figure 7. Structure of Icariside, (2S)-4',5,6,7-tetrahydroxyflavavone, 6-O-β-D-glucopyranoside from 

Carthamus tinctorius L as antiadipogenic. 
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It effectively inhibits de novo adipogenesis and lipid accumulation in adipocytes and 

reduces the expression of adipogenic genes, Fabp4 and Adipsin [39]. In addition, Polyacetylene 

Glycosides from Safflower exhibit adipogenesis inhibitory activity of 3T3-L1 preadipocytes, 

promote adipogenesis, prevent lipid accumulation through suppression of lipogenic gene 

expression and increase expression of lipolytic genes. It also activates AMPK, facilitating lipid 

metabolism (Figure 7) [40]. 

3.4.7. Antiobesity. 

Safflower oil lowers belly fat volume, serum triglycerides, and leptin levels due to its 

activity in increasing adiponectin levels, resulting in the antiobesity effect of Safflower. 

Hydroxysafflor yellow A and safflower-yellow compounds in safflower oil were reported to 

reduce fat mass index and improve liver function and glucose metabolism (Figure 8). This 

effect correlates with increased expression of antioxidant enzymes in adipose tissue and the 

liver. Oral intake of hydroxysafflor yellow A reduces high-fat diet-induced obesity by reducing 

the fat gain, increasing insulin resistance, restoring glucose homeostasis, decreasing 

inflammation, improving gut integrity, and increasing short-chain fatty acid production. In 

another study, safflower yellow A decreased serum glucose levels and fat mass index. In 

addition, it restores insulin sensitivity in obesity and increases insulin-signaling pathway 

mRNA gene levels in subcutaneous adipose tissue [41]. 

 
Figure 8. Structure of Safflower yellow A and Hydroxysafllor Yellow A from Carthamus tinctorius L  

as antiobesity. 

3.4.8. Antifibrosis. 

Oxidative stress causes liver fibrosis by activating hepatic stellate cells (HSC), which 

is implemented by suppressing PPARγ activation. It was reported that the compound 

Hydroxysafflor yellow A (HSYA) effectively inhibited oxidative stress-mediated liver injury 

by increasing antioxidant enzyme activity, regulating PPARγ and MMP-2 expression, 

decreasing TGF-β1 and TIMP-1 expression, and reducing ⍺-SMA levels [21]. It was also 

reported that the effectiveness of HSYA on carbon tetrachloride (CCl4)-induced liver fibrosis, 

namely downregulation of ⍺-smooth muscle actin (⍺-SMA), type 1 collagen-⍺, matrix 

metalloproteinases (MMP)-9, an inhibitor of tissue metalloproteinase expression (TIMP)-1, 

suppresses the expression of transforming growth factor (TGF)-β1 and phosphorylation of 

Smad4. Safflower yellow (SY) was also found to inhibit pulmonary fibrosis induced by 

bleomycin (BLM), which was more significant when administered at high doses. SY also 

prevented an increase in positive -SMA cells and TGF-β1 expression and inhibited ⍺-SMA 

expression during the differentiation of lung fibroblasts into myofibroblasts stimulated by 

TGF-β1 (Figure 9) [18]. 
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Figure 9. Structure of Safflower yellow A and Hydroxysafllor Yellow A Carthamus tinctorius L as antifibrosis. 

3.4.9. Hepatoprotective. 

Administration of Safflower extract in rats decreased lipid peroxidation products 

(MDA) and increased GSH levels with a concomitant increase in antioxidant enzymes (SOD, 

CAT). Safflower extract at a dose of 200mg/kg for 30 days restored biochemical parameters 

(ALT, AST, ALP, total bilirubin) to near-normal levels, and organs appeared normal with few 

necrotizing hepatocytes and mild steatosis compared to the CCl4 treatment group. In general, 

the hepatoprotective effect of Safflower occurs as a result of increased levels of enzymatic and 

non-enzymatic antioxidant defense mechanisms, free radical scavengers, and modulation of 

signal transduction [42]. Another study reported that the administration of Carthamus red could 

reduce serum levels of ALT, AST, ALP, and total protein in a hepatitis-mouse model [43]. It 

was concluded that the hepatoprotective effect of Safflower occurred because the plant contains 

polyphenols and flavonoids, including carthamin, quercetin, kaempferol, and phenolic acids, 

such as caffeic acid (Figure 10) [21,42]. 

 
Figure 10. Structure of Quercetin, Kaempferol, Phenolic acids, and Carthamin from Carthamus tinctorius L 

 as hepatoprotective. 

3.4.10. Choleretic effect. 

Administration of 1.0 mL of 95% ethanol extract of Safflower increases bile secretion 

by 25-120%. At the same time, the aqueous extract had a choleretic effect on rats and dogs (50 

mL/animal). Safflower oil affects satiety and food intake. Unsaturated fatty acids and 
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triacylglycerols increase satiety, while saturated fatty acids and triacylglycerols do not (Figure 

11). After a light breakfast, postprandial satiety increased slightly by 3 g of safflower oil 

delivered to the ileum [41]. 

 
Figure 11. Structure of Unsaturated fatty acids and Triagliserol from Carthamus tinctorius L as the choleretic 

effect 

3.4.11. Cardiovascular effect. 

3.4.11.1. Cardiac and cardioprotective effects. 

The anti-myocardial ischemia effect of pure extract of C. tinctorius (CT) was studied 

in vivo and in vitro. Animal model of myocardial ischemic injury induced by left anterior 

descending coronary artery occlusion in adult mice. Initial treatment with CT (100, 200, 400, 

600 mg/kg body weight) protects the heart from ischemic injury by limiting infarct size and 

improving cardiac function. In an in vitro experiment, CT's cardioprotective effect on 

myocardial ischemia partially reduces oxidative stress damage and apoptosis. C. tinctorius 

injection (2.5 and 0.625 g/kg) was cardioprotective against AMI in mice. It might be associated 

with decreased TNF-⍺ and IL-6-mediated inflammatory response, inhibition of typical ST-

segment elevation ECG, overexpression of Bax protein and Bax/Bcl-2 ratio, and inhibition of 

decreased Bcl-2 expression. Safflower yellow A (SYA), evaluated in cultured rat 

cardiomyocytes exposed to anoxia/reoxygenation (A/R), was shown to block A/R-induced 

changes in cardiomyocytes directly. The protective effect of safflower yellow B (SYB) was 

investigated against Vascular endothelial cell (VEC) injury induced by angiotensin-II (Figure. 

12) [44]. Safflower was reported to decrease Bax expression and FoxO1 protein acetylation 

and increase Bcl-2 and SIRT1 protein expression simultaneously. Safflower can be used in a 

variety of pathways during the treatment of CHD and may exert anti-apoptotic effects by 

regulating the expression of proteins associated with the Bax, Bcl-2, and SIRT1/FoxO1 

signaling pathways [45]. 

3.4.11.2. Vascular effect. 

Safflower yellow (SY) 1-2 g/kg/day can reduce the blood pressure of spontaneously 

hypertensive rats (SHR) by about 1.86-3.86 kPa. Five weeks after administration of SY, plasma 

renin activity and angiotensin II levels were reduced in the SHR experimental group, indicating 

that the inactivation of the renin-angiotensin system mediated the decrease in blood pressure. 

In addition, the vasodilating effect of hydroxysafflor yellow A (HSYA) on pulmonary arteries 

(PA) showed that HSYA had a vascular relaxing effect on PA rats by activating CV channels 

in pulmonary vascular smooth muscle cells (PVSMCs). Intravenous injection of HSYA 

significantly reduced MAP and HR in normotensive and SHR rats, reduced left ventricular 
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systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), maximum rate of 

increase in left ventricular pressure (+dp/dt(max )) and heart rate [44]. 

3.4.11.3. Effect on platelet aggregation. 

The effect of Carthamins yellow (CY) can significantly decrease blood viscosity plasma 

viscosity, increase erythrocyte aggregation index in the blood stasis model, and reduce 

hematocrit and platelet aggregation. Meanwhile, the prothrombin time is delayed with 

increasing doses. Safflower Yellow can inhibit PAF-induced platelet aggregation, 5-HT release 

by platelets, and increase free calcium in platelets (Figure 12) [44], [46]. 

3.4.11.4. Hypolipidemic. 

Safflower extract was administered daily to normal and hyperlipidemic rats induced by 

dietary supplements of 2% (w/w) cholesterol, with 250 mg/kg BW. Animals fed a diet of 2% 

cholesterol and dichloromethane fraction for a week showed weight loss. After 14 and 30 days 

of treatment, a significant reduction in total and HDL cholesterol and a significant induction in 

HDL cholesterol were observed in hypercholesterolemic rats [47]. It was reported that 

Safflower has a repair effect on ox-LDL-induced apoptosis and mitochondrial membrane 

potential in vitro [45]. 

 
Figure 12. Structure of Hydroxysafflor yellow A, Safflower yellow, and Carthamins yellow from Carthamus 

tinctorius L as the cardiovascular effect. 

3.4.12. Antihemolitic. 

Safflower extract exerted a dose-dependent antihemolytic effect against PbANKA 

infection in rats. This extract caused a significant effect (𝑃 < 0.05 and < 0.01) when compared 

to untreated control and (𝑃 < 0.01) when compared to the normal group in decreasing % Hct. 

The antihemolytic activity of Safflower was lower than that of green tea extract and higher than 

that of mulberry extract. Moreover, there was no effect on %Hct in normal ICR mice treated 

with this extract at a maximum dose of 3000 mg/kg. This extract contains polyphenols and 

flavonoids that may play a central role in protecting red blood cells from oxidative stress and 

inflammation caused by malaria infection (Figure 13). This extract has been reported to 

maintain blood pH and protect red blood cells from acidosis caused by malaria infection [10]. 
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Figure 13. Structure of Polyphenols and Flavonoids from Carthamus tinctorius L as antihemolytics. 

3.4.13. Anticoagulant and antitrombotic. 

Decoction and ethanol extract of Safflower significantly inhibited adenosine 

diphosphate (ADP)-induced platelet aggregation both in vitro and in vivo in rats and rabbits. 

Safflower yellow (SY) is produced from water extract of Safflower, which functions to prolong 

plasma prothrombin time (PT), thrombin time (TT), and activated partial thromboplastin time 

(APTT). Significantly, SY decreased plasma fibrinogen levels in mice and mainly inhibited 

ADP-induced platelet aggregation. SY also demonstrated remarkable inhibition of increased 

rabbit platelet adhesion, 5-hydroxy tryptamine (5-HT) release, and increased free intraplatelet 

Ca2+ levels induced by platelet-activating factor (PAF) [18]. Carthamins yellow (CY), a 

category flavonoid pigment isolated from Safflower, significantly decreased the relative index 

of the model, reduced hematocrit and platelet aggregation in a dose-dependent manner, and 

delayed prothrombin time. Thus, the administration of CY can increase blood fluidity by 

decreasing the blood viscosity of patients with hemorheological disorders-associated diseases 

[19]. In addition, it was also reported that Hydroxysafflor yellow A (HSYA) was shown to 

have the ability to oppose PAF receptor binding and suppress PAF-induced rabbit platelet 

adhesion ( Figure 14) [18]. The underlying mechanism of the compound HSYA may be 

involved in its inhibitory effect on thrombosis formation and platelet aggregation, as well as its 

beneficial action on prostacyclin/thromboxane (PGI2/TXA2) regulation and changes in blood 

rheology in mice. The results have shown that this compound significantly decreases the 

overall blood viscosity, plasma viscosity, and erythrocyte aggregation index, increasing blood 

stasis [21]. 

 
Figure 14. Structure of Hydroxysafflor yellow A and Carthamins Yellow from Carthamus tinctorius L as 

anticoagulants and antithrombotics. 

3.4.13. Effect on cerebrovascular function. 

The effectiveness of Safflower and its isolates in functionally regulating monoamine 

transporters has been previously assessed. It was reported that the nonpolar fraction of 

Kasumba turate could significantly inhibit serotonin uptake in Chinese hamster ovary cells that 
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stably express the serotonin transporter. HSYA compounds can significantly reduce mRNA 

and protein levels of IL-1β and TNF-α in ischemic brain tissue. It can protect cultured cerebral 

cortical neurons against hypoxic injury and suppress the inflammatory response after focal I/R 

in mice (Figure 15) [19]. HSYA treatment in a mouse model of acute I/R stroke resulted in a 

significant protective effect at 72 h reperfusion, as shown by a reduction in infarct volume and 

improved neurologic function. Mechanism studies suggest that HSYA activates Akt-mediated 

autophagy in penumbral tissue, which occurs in neuron-specific cells. In addition, Akt-

mediated inhibition of autophagy using Akt inhibitors reduces the protective effect after 

cerebral ischemia [48]. Another study reported that moderate and high safflower extract 

significantly increased SOD, GSH-Px, and CAT activity in brain tissue and reduced MDA 

content in acute cerebral ischemic injury rats. In addition, HSYA compounds were reported 

against cerebral I/R injury in MCAO mice through attenuation of MDA level elevation and 

decreased SOD activity in the ipsilateral hemisphere and serum [49]. 

 
Figure 15. Structure of Hydroxysafflor A from Carthamus tinctorius L which has a cerebrovascular function 

effect. 

3.4.14. Neuroprotector. 

Safflower significantly reduced neuronal cell death and also caused a significant 

decrease in the content of thiobarbituric acid reagent (TBARS) (55.2 ± 9.4 μmol mg-1) and a 

significant increase in glutathione (GSH) activity (27.2 ± 5.0 μmole mg-1) in the hippocampus.  

 
Figure 16. Structure of Hydroxysafflor yellow A from Carthamus tinctorius L as neuroprotective. 
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It also reduces neuronal cell death, acting as a direct or indirect cholinergic agonist or 

a modulating action on cholinergic transmission because Safflower reduces muscarinic 

antagonist-induced memory impairment. Hydroxysafflor yellow A (HSYA) is one of the main 

active ingredients of Safflower, which has a potential neuroprotective effect against focal 

cerebral ischemia in rat and cultured rat fetal cortical neurons (Figure. 16). Safflower calyx 

extract inhibited glutamate-induced C6 glial cell death, decreased malondialdehyde formation 

in rat brain, and inhibited the increase in thiobarbituric acid and 8-hydroxy-2'-deoxyguanosine 

(8-OHdG) in rat cerebral cortex [50]. 

3.4.15. Antianxiety and antidepresant. 

Safflower is used as a healing factor to treat patients with depression and anxiety 

disorders. Safflower oil affects brain acyl chain phospholipids' high alpha-linolenic/linoleic 

ratio. The coumaroylspermidine extract from Safflower has an antidepressant effect by 

inhibiting the increase in corticosterone levels and decreasing 5-hydroxytryptamine, dopamine, 

and noradrenaline levels (Figure 17). It improves stress-induced depression syndrome in rats 

by controlling luteinizing hormone, follicle-stimulating hormone, and levels of norepinephrine, 

dopamine, serotonin, and cortisone. The N-Hexadecanoic acid ingredient of C. tinctorius L. 

causes antidepressant-like effects through interactions with the dopaminergic receptors (D1 

and D2) and the serotonergic receptor system (5HT1A and 5-HT2A) (Figure. 17) [41]. 

 
Figure 17. Structure of P-coumaroyl spermidine and N-hexadecanoic acid from Carthamus tinctorius L as 

antianxiety and antidepressants. 

3.4.16. Immunomodulator. 

Previous studies showed that two polysaccharide fractions of dried Safflower petal 

extract (C. tinctorius Linn.) could activate the NF-κB signaling pathway via TLR4 and produce 

various cytokines by peritoneal macrophages (Figure. 18) [13]. The Safflower ethanol extract 

combined with Black cumin extract (Nigella sativa) provides an immunomodulatory effect that 

works as an immunostimulant in male mice (Mus musculus) to increase the activity and 

phagocytic capacity of macrophage cells. The dose that had the most effect on increasing the 

activity and phagocytic capacity of macrophage cells was a combination dose of Safflower 

extract 1.65 mg/BW and black cumin extract 2.6 mg/BW with an average percent value of 

macrophage phagocytic activity 98.41% [51]. 
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Figure 18. Structure of Polysaccharide from Carthamus tinctorius L as immunomodulator. 

3.4.17. Anti-inflammatory  

Carthamus Yellow (CY), consisting of safflomin A and safflomin B, was shown to 

protect against lipopolysaccharide-induced inflammation (LPS) in RAW264.7 macrophages. 

CY inhibits the release of nitric oxide (NO), prostaglandin E2 (PGE2), and LPS-stimulated 

interleukin 1β (il-1β) through attenuation of the inducible expression of nitric oxide synthase 

(iNOS) and cyclooxygenase-2 (COX-2) proteins [18]. Expression of HO-1 protein by 

Safflower methanol extract (MEC) in macrophages increased depending on concentration and 

time.  

 
Figure 19. Structure of Safflomin A, Carthamin Yellow, Safflomin B and Moschamine from Carthamus 

tinctorius L as an anti-inflammatory. 

Treatment with MEC significantly inhibited iNOS and COX-2 upregulation in LPS-

activated macrophages and reduced NO and PGE2 production. The reduction of iNOS and 

COX-2 expression by MEC was reversed by siHO-1 RNA transfection. In addition, the NF-

E2-associated factor (Nrf2) is translocated from the cytosol to the nucleus by MECs. NF-B 

binding, as well as NF-κB luciferase activity, were also significantly reduced by MECs. 
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Finally, the expression of tumor necrosis factor (TNF)-mediated VCAM-1 in endothelial cells 

was significantly inhibited by MEC [52]. The compound moschamine from C. tinctorius Linn. 

has an anti-inflammatory effect through decreased lipopolysaccharide-induced prostaglandin 

E2 and nitric oxide production. Moschamine decreased protein and mRNA levels of 

cyclooxygenase-2, microsomal prostaglandin E2 synthase-1 and induced NO synthase, 

interleukin-6, and interleukin-1β (Figure. 19) [41]. Safflower Yellow (SY) has an anti-

inflammatory effect due to its ability to inhibit IκBα phosphorylation, leading to the inhibition 

of NF-κB signaling pathway and nuclear translocation of p53. In addition, SY can limit the 

release of pro-inflammatory factors [53]. 

3.4.18. Analgesic. 

Intraperitoneal injection of Safflower Yellow A at a dose of 50-100 mg/kg in rats 

showed sustained analgesic action [17]. Safflower was reported to have central analgesic 

activity (500 mg/kg) and could potentially cause the development of morphine-like substances 

without the side effects of morphine and related drugs [21]. Doses of 100 and 300 mg/kg of 

safflower oil have an analgesic effect. It can be used for opioid-free anesthesia. It has also been 

reported that Helenalin is an anticancer or anti-inflammatory drug due to its analgesic effect 

(Figure. 20) [41]. 

 
Figure 20. Structure of Helenalin and Safflower Yellow A from Carthamus tinctorius L as analgetic. 

3.4.19. Antioxidant. 

The lyophilisate compound from the Safflower seed extract showed antioxidant activity 

with an IC50 value of 263.02 μg/mL. Another study also obtained the IC50 value of Safflower 

seed extract of 1.7 μg/mL [11]. In vitro, the antioxidant assay showed that extract from C. 

tinctorius L. honey (ECH) effectively scavenged free radicals DPPH and ABTS+ 49. Many 

flavonoids and quinochalcones from Safflower is reported to have antioxidant activity by 

counteracting free radicals. Safflower calyx water extract was found to ward off superoxide 

(O2), hydroxyl (-OH), 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radicals, and singlet oxygen, 

and carthamin content was correlated with DPPH radical scavenging activity. Its flower extract 

prevented H2O2-induced dysfunction and oxidative damage in osteoblastic MC3T3-E1 cells. 

This flower markedly reduced alkaline phosphatase, collagen, and calcium deposition activity 

and increased production of nuclear factor-kB ligand-receptor activator (RANKL), suggesting 

that Safflower might protect osteoblasts from oxidative stress-induced toxicity. In addition, 

there is also a compound, Hydroxysafflor yellow A (HSYA), which is reported to be proven to 

inhibit the opening of mitochondrial permeability transition pores (mtPTP) in the rat brain 

through free radical scavenging action (Figure 21) [18]. Another study showed that the 
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inoculation significantly improved the antioxidant defense of safflower plants under Cd stress 

by increasing the levels of antioxidant compounds and enhancing the activities of antioxidant 

enzymes [55]. 

 
Figure 21. Structure of Flavonoids and Hydroxysafflor yellow A from Carthamus tinctorius L as an 

antioxidant. 

3.4.20. Antiaging. 

Safflower oil inhibits collagenase and elastase activity. In addition, a wide diversity of 

antiaging activity was observed for all the genotypes used. It was also reported that safflower 

oil had an anti-collagenase activity of 72.1% at 500 μg/mL, corresponding to IC50 = 130.1 

μg/mL compared to the positive control. Furthermore, many studies show that the action of 

antioxidant activity can reduce skin aging and skin wrinkling. The excellent anti-collagenase 

and anti-elastase activities of the phenolic compounds of safflower oil indicate its potential as 

a natural source of antiaging agents for cosmetic formulations (Figure 22) [56]. 

 
Figure 22. Structure of Phenolic from Carthamus tinctorius L as antiaging. 

3.4.21. Osteoporosis. 

Safflower seed shows a protective effect against bone loss caused by estrogen 

deficiency because polyphenolic compounds can stimulate the proliferation of osteoblasts [19]. 

The safflower seed oil has high levels of linoleic acid, which has anti-inflammatory activity in 

bone by moderating prostanoid formation, improving bone loss due to ovariectomy, and 

increasing calcium absorption in the intestine. In a rat model, there are also minerals such as 

calcium, magnesium, and potassium, which prevent osteoporosis caused by bilateral 

ovariectomy. It was reported that oral administration of safflower seed oil at a dose of 1 mL/kg 

to ovariectomized rats for 30 days showed positive changes compared to control rats [17]. In 

addition, Safflower flower extract could prevent reactive oxygen species (ROS)-induced 

dysfunction and oxidative damage on osteoblastic MC3T3-E1 cells (Figure 23) [20]. It was 
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also reported that HSYA compounds affect bone metabolism, increase the maximum threshold 

of femoral load in mice, increase the tibial cartilage, trabecular bone, and cortex, increase the 

number of osteoblasts, and decrease the number of osteoclasts, as well as decrease the level of 

expression of CA2 and proteins related to osteoclast differentiation based on qPCR and western 

blot [57]. 

 
Figure 23. Structure of Polyphenols and Linoleic acid from Carthamus tinctorius L as osteoporosis. 

4. Conclusions 

Safflower (Carthamus tinctorius Linn.) is a multifunctional commercial crop. More 

than 200 compounds have been isolated: Quinochalcones, Flavonoids, Alkaloids, 

Polyacetylene, Organic Acids, and other components. It has a broad spectrum of 

pharmacological effects, namely Antimicrobial and Antimalarial, Antiacne and Antidandruff, 

Anticancer and Antitumor, Antidiabetic, Antifibrosis, Antiadipogenic, Antiobesity, Analgesic, 

Hepatoprotective, Cardiovascular, Antiaging, Antihemolytic, Anticoagulant and 

antithrombotic, cerebrovascular, Antianxiety and antidepressant, Neuroprotective, 

Immunomodulatory, and Antioxidant (Figure 24). The results obtained are essential in 

developing drugs with various pharmacological activities reported from Safflower. 

 
Figure 24. The pharmacological activity of secondary metabolites from Carthamus tinctorius L. 
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