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ABSTRACT  

As a major ubiquitous secondary metabolite, flavonoids are widely distributed in planta. 

Among flavonoids, kaempferol is a typical natural flavonol in diets and medicinal plants with 

myriad bioactivities, such as anti-inflammatory activity, anti-cancer activity, antioxidant 

activity, and anti-diabetic activity. However, the natural sources, absorption and metabolism 

as well as the bioactivities of kaempferol have not been reviewed comprehensively and 

systematically. This review highlights the latest research progress and the effect of 

kaempferol in the prevention and treatment of various chronic diseases, as well as its 

protective health effects, and provides a theoretical basis for future research to be used in 

nutraceuticals. Further, comparison of the different extraction and analytical methods are 

presented to highlight the most optimum for PG recovery and its detection in plasma and 

body fluids. Such review aims at improving the value-added applications of this unique 

dietary bioactive flavonoids at commercial scale and to provide a reference for its needed 

further development.  

 

Keywords: Kaempferol; anti-inflammation; anti-cancer; anti-diabetic; extraction; analysis; 

metabolism  
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1. Introduction  

The growing rapid development of society and the improvement of living standards, many 

people have gradually become accustomed to an over-nutrient diet characterized by high 

energy, high fat, and low dietary fibres. In the longer term, such unhealthy eating habits 

increase people’s risks of diseases susceptibility. A number of studies have indicated that 

flavonoids a major dietary bioactive, exhibit a myriad of health benefits recognized as dietary 

molecules with potential role in improving health status in humans. The parent nucleus of 

flavonoids is 2-phenylchromone (C6-C3-C6), which in plants exist mainly in the form of 

aglycones or being acylated with a sugar moiety to form either O-or C-type glycosides. It is 

subdivided into subclasses including flavanones, flavanols, isoflavones, anthocyanins, etc. 

among which flavanols represent a major form (Alseekh et al., 2020). Usually, the contents of 

flavanol in dietary sources were estimated at high levels mostly found in vegetables, fruits 

and tea, in addition to being common ingredients in nutraceuticals, health foods and 

cosmetics (Tohge et al., 2017).  

Kaempferol, a major flavonol in planta also known as 3, 5, 7-trihydroxy-2(4-hydroxyphenyl) 

-4H-chromen-4-one and mostly derived from the rhizomes of Kaempferia galangal, also 

exists in various vegetables and fruits (Chen and Chen, 2013). Meanwhile, kaempferol could 

also be detected in Malus, Berberis, Citrus, Delphinium, Allium, Camellia, and Brassica. It is 

safe and non-toxic, as well as exhibits a series of pharmacological effects, such as anti-

inflammatory, anti-cancer, and anti-diabetes (Ravishankar et al., 2013; Rajendran et al., 

2014). This review presents the latest research progress and the effect of kaempferol in 

various chronic diseases, as well as underlying action mechanisms based on cell culture, 

animal and human studies as categorized in text. Further methods reported for its extraction 

are compared to identify best methods for its recovery from plant sources as well as its 

quantification for quality control measures and or monitoring its level inside the body in 

clinical trials.   

 

2.Distribution and sources of kaempferol 

Research showed that kaempferol was originally derived from the rhizomes of Kaempferia 

galanga (山柰 in Chinese) and widely distributed in natural plants such as vegetables 

(onions, cabbages and broccoli), fruits (strawberries, gooseberries and blackberry) and 

Chinese herbal medicines (lovage and barbarum). The mainly distribution and sources of 

kaempferol were summarized in Table 1. 
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Table 1. The mainly distribution and sources of kaempferol 
 

Sources Quantity From References 

Broccoli - Kaempferol Velascoet al. (2011) 

Carrot 140 mg/kg Kaempferol Miean and Mohamed (2001) 

Onion leaves 832.0 mg/kg Kaempferol Miean and Mohamed (2001) 

Black tea 118.0 mg/kg Kaempferol Miean and Mohamed (2001) 

Lemon grass 178.0 mg/kg Kaempferol Miean and Mohamed (2001) 

Bunga kantan 286 mg/kg Kaempferol Miean and Mohamed (2001) 

Gooseberries 16 and 19 mg/kg Kaempferol aglycones Hakkinen et al. (1999) 

Strawberries 5 and 8 mg/kg Kaempferol aglycones Hakkinen et al. (1999) 

White cabbages 9 μg/g Kaempferol Tolonen et al. (2002) 

Green cabbages 0.1-0.8 mg/kg Kaempferol aglycone Kim et al. (2004) 

Blackberry - Kaempferol Zia-Ul-Haq et al. (2014) 

Lovage - Kaempferol aglycones Justesen and Knuthsen(2001) 

L. barbarum 11.3 μg/g Kaempferol -3-O-rutinoside Wanget al. (2010) 

Olea europaea L. 

cultivars 

- kaempferol de Laurentis et al. (1998) 

Cucumis sativus 

leaves 

- Kaempferol 3-O-rhamnoside and 3-O-glycosides of 

kaempferol 

Krauze-Baranowska and Cisowski (2001) 

Alsidium corallinum - Kaempferol 3-O-arabinoside Ben Saad et al. (2017) 
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3. Physicochemical properties 

Kaempferol is a yellow powder that is slightly soluble in H2O and completely soluble in 

alkali, ether and hot ethanol (Li et al., 2015). The melting point of kaempferol is 276-278°C 

and the acidity coefficient is 6.34 ± 0.40. The main biologically active ingredients of 

kaempferol include 3, 5, 7-trihydroxy-2(4-hydroxyphenyl) -4H-chromen-4-one. The diphenyl 

substitution structure determines its hydrophobicity and the -OH of C3, C5, C7 and C4' could 

combine with hydrogen radicals to enhance its antioxidant activity. The UV spectroscopy 

shows the maximum absorption of kaempferol is the ring A at 366 nm, while the ring B 

shows a weak absorption at 335 nm (Tu et al., 2016). The 1H NMR revealed that the 

characteristic phenolic proton was observed at δ10.6 ppm. Meanwhile, the typical peaks in 

13C NMR spectra were at 175.9 (carbonyl) and 135.6 ppm (adjacent hydroxyl containing 

carbon) (Thangavel et al., 2018; Yedidia et al., 2019). 

 

4. Isolation, extraction and optimization methods  

Considering kaempferol abundance in nature and its relatively tedious synthetic procedure 

and its complex structure, several attempts for its isolation have been reported. Generally, 

using the polar solvents such as ethanol (Adhikari-Devkota et al., 2019), methanol (Joshi et 

al., 2012) acidified methanol (Ozcan and Yaman, 2013; Wang et al., 2014b), acetone 

(Altemimi et al., 2020) and water (Zhu et al., 2011) to extract the kaempferol and its 

derivatives. Attempts aiming to optimize the isolation and extraction of kaempferol from 

plants were carried out adopting a variety of methods (Fig.1).  

Conventional extraction methods reported include applying the cold maceration technique on 

the leaves of Centella asiatica using methanol, hydro-methanol and water, successively, for 

extraction and achieving a recovery of 90.1 % for kaempferol (Joshi et al., 2012). Wang and 

other (2014b) reported on a method that provides higher kaempferol extraction yield at 98.6% 

from the dried Chinese chestnut kernel by using concentrated hydrochloric acid (HCl) and 

methanol, then water bath for 3.5 h at 85°C. Another three Chinese crude drugs were 

examined for their kaempferol content by refluxing in acidified methanol (methanol:HCl 

= 4:1) for 2 h, producing an average recovery of 99.5% (Wang et al., 2014a).Additionally, 

acidified methanol (with the addition of ascorbic acid) was also used for kaempferol 

extraction from rosehip, nettle and purslane by refluxing for 2 h at 90°C. The highest content 

of kaempferol was 24 mg/kg found in rosehip, while terebinth possessed the lowest (Ozcan 

and Yaman, 2013). The significance of extracting kaempferol using methanol/acid mixture 

was tested by Hadjmohammadi and other (2009), the optimum conditions for extraction were 
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at aqueous methanol (45%) containing 1.85 M HCl, refluxed (84°C, 2 h), to yield 10.1 mg/kg 

of kaempferol. Among the several examined factors (such as methanol, temperature, HCl and 

time) affecting the extraction recovery, HCl level in the extraction solvent was the most 

significant attributable to the disruption of cell membranes caused by the acid and thus 

releasing kaempferol. 

 

Figure 1. List of the different methods reported for extraction of kaempferol from dietary sources 

highlighting their features, advantages and or limitations. CEM: conventional extraction methods, 

UAE: ultrasound assisted extraction. SFE: supercritical fluid extraction, MAE: microwave assisted 

extraction, UHRE: ultrasound and heat-reflux extraction, MCAE: mechano-chemical assisted 

extraction, FFE: fungal fermentation extraction, MIT: molecular imprinting technique. **: figure 

adapted from Cheng Y, Nie J, Liu H, et al. Synthesis and characterization of magnetic molecularly 

imprinted polymers for effective extraction and determination of kaempferol from apple samples. J 

Chromatogr A. 2020; 12; 1630: 461531. 

 

Several studies were carried out assessing other green extraction methods than the 

conventional ones. For instance, supercritical fluid extraction (SFE) has been widely used to 

extract kaempferol from different plants. Leal and other (2008) adopted SFE to obtain 

Ocimum basilicum extracts, and the yield was higher (24%) when using CO2 (99.8%), 

pressure (30 MPa), 20% cosolvent, temperature (29.9°C), and extraction time (60 min). 

Another application of SFE was reported from Strobilanthes crispus leaf, using ethanol and 

supercritical CO2 as modifier (99.5%), and the highest yield of 5.17% was obtained at 50°C, 

20 MPa, and extraction time of 60 min (Liza et al., 2010). Meanwhile, Li and his colleagues 

(2010) using an optimized SFE technology to purify two kaempferol glycosides from the tea 

seed cake and the yield was 11.4 mg/g. 
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Ultrasound assisted extraction (UAE), is another technique aimed at providing higher yields 

of kaempferol from plants. Altemimi and other (2020) used the Box–Behnken design (BBD) 

technology to extract kaempferol from lyophilized Ocimum basilicum. The highest 

kaempferol recovery (>98%) was observed using 80% methanol (60°C, 10 min). Zhao and 

other (2019) developing an ultrasound and heat–reflux extraction (UHRE) technique to 

isolate the kaempferol from Mairei Yew leaves, using BBD to search for the best extraction 

conditions. Results showed that the best extraction conditions were: solvent (80% methanol), 

extraction time was 20 min, boiling point was 70°C, the ultrasonic power was 200 W and the 

liquid–solid ratio was 26 mL/g. Yields of kaempferol (0.406 mg/g) using UHRE were 1.25 

and 1.23 folds higher than those by using UAE and HRE, respectively. Meanwhile, the 

extraction time was less than that using UAE and HRE.  

Another extraction method that promises higher yields and less time consumption is 

microwave assisted extraction (MAE). Ling and other (2019) carried out a study comparing 

the feasibility of MAE, UAE and conventional maceration extraction (ME) in context to 

kaempferol recovery. Results showed the highest content of kaempferol by using MAE 

(17.67 ± 1.06 mg/g), followed by ME and UAE. Additionally, the extraction time of MAE 

and UAE only need 4 min and 5 min, respectively, compared to 2 h for ME.  

Several plant substrates i.e., apple pomace (Ajila et al., 2012), black soybean (Cheng et al., 

2013) and Larrea tridentate leaf (Martins et al., 2013) using microbial fermentation processes 

to extract biologically active compounds from plant products have been reported. More 

recently, Huynh et al.(2016)investigated the effect of fermentation with 2 strains of fungi 

(Rhizopus oryzae and R. azygosporus) on the distribution and quality of kaempferol released 

from the outer leaves of cauliflower. Results revealed that kaempferol can be detected on the 

first day of R. oryzae fermentation, and reached the highest level on the second day, then 

decreased on the 4th day of incubation, while R. azygosporus was only detected in 

fermentation sample on the 4thday and disappeared on the 7th day. Changes in kaempferol 

aglycone levels was due to hydrolysis from kaempferol glycosides (originally found in 

cauliflower leaves) by the β-glucosidase enzyme secreted by fungi. R. oryzae show higher 

ability to produce β-glucosidase than R. azygosporusas reported by Lee and other (2006), 

hence yield higher levels of kaempferol aglycone.  

Molecular imprinting technique (MIT) is a versatile technology that targets a specific 

molecule by using tailored molecularly imprinted polymers (MIPs). MIT combined with 

magnetic separation technology were successfully applied by Cheng and other (2020) to 

extract kaempferol from apple samples. Through the surface imprinting copolymerization of 
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template molecule (kaempferol), an adsorption material (Fe3O4@SiO2-MIPs) with high 

adsorption capacity and excellent selectivity for kaempferol was synthesized and prepared. 

Then it was magnetically separated, and eluted with methanol–acetic acid (20 min), with 

kaempferol recovery ranging from 90.5% -95.4%. Similarly, Gupta and other (2014) utilized 

MIT for the selective determination of kaempferol from apple and orange juices samples by 

developing quartz crystal microbalance (QCM) nanosensor polymer. Kaempferol imprinted 

QCM nanosensor possessed selective cavities that made it 13, 19and 20 times more selective 

for kaempferol than quercetin, apigenin and myricetin aglycones, respectively. Recovery rate 

for kaempferol using this method ranged between 90- 96%.  

 

5. Absorption, metabolism, and excretion of kaempferol 

Studies have reported that kaempferol is relatively lipophilic, so it is mainly absorbed in the 

small intestine through active transport, passive diffusion and facilitated diffusion (Kim et al., 

2017). One study investigated the absorption of kaempferol in participants, and found that the 

content of kaempferol excretion in the urine was 2.5% of the intake (de Vries et al., 1998). In 

another study, kaempferol (12.5 mg) was administered for 12 days, and found 0.9% rate of 

kaempferol excretion from urine (Nielsen et al., 1997). Moreover, intake kaempferol (9 mg) 

from cooked endive (a leaf vegetable belonging to the genus Cichorium) lead to a urinary 

excretion by 1.9% after 24 h, while the plasma peak concentration reached 0.1 μM after 5.8 h 

(DuPont et al., 2004). Taken together, the results of literature evaluation of the digestion and 

absorption of kaempferol in the kidney showed that the kaempferol glucoside and rutinoside 

in tea have the highest absorption, followed by kaempferol glucoside and glucuronide in 

endive, and kaempferol sophoroside in broccoli. 

Studies on metabolism and excretion of kaempferol have shown that it is mainly metabolized 

in the liver and circulated in the blood as a methyl-, sulfate- or glucuronide-conjugates 

(Oliveira et al., 2002; Mullen et al., 2006). Meanwhile, intestinal bacteria could metabolize 

kaempferol glycosides first into aglycones, and then convert these into the 4-

hydroxyphenylacetic acid, 4-methylphenol and phloroglucinol, which are absorbed into the 

systemic circulation, followed by their distribution in different tissues, and finally, excretion 

from the body through faeces or urine (Bokkenheuser et al., 1987; Schneider and Blaut, 

2000). In addition, it is found that kaempferol can be metabolized to produce CoQ in 

kidneycells (Fernandez-Del-Rio et al., 2020).Although kaempferol-3-glucuronide was 

reported to be the main metabolite in plasma and urine, kaempferol monosulfate and 

disulfates were also be detected in urine (DuPont et al., 2004).Moreover, the concentration of 
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free kaempferol in urine was significantly lower than that in blood, indicating that part of the 

aglycon was metabolized in the kidney prior to its excretion. However, these are only the in 

vitro studies, therefore, further human or clinical studies are needed to evaluate kaempferol 

pharmacokinetics to be more conclusive. Comparison of kaempferol and its metabolism 

products for its main actions should aid identify more active analogues inside the body 

(Fig.2).   

 

 

Figure 2. The general metabolic fate of kaempferol (KAM) and its glycoside (KAM-G) ingested by 

human and animals, including metabolism, absorption, and excretion.  

 

6. Biosynthesis of kaempferol 

Kaempferol is formed by the condensation of diphenyl propane under the action of different 

enzymes (Fig.3). Malonyl-CoA and 4-coumaroyl-CoA react to yield the naringenin chalcone 

under the catalysis of chalcone synthase. Then, it is converted to its flavanone isomer 

naringenin under the catalysis of chalcone isomerase. Subsequently, a -OH is added to the  
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Figure 3. Biosynthesis of kaempferol. 

 

naringenin at the C3 position to form dihydrokaempferol. Finally, a double bond was 

produced at the C2-C3 position to form the kaempferol under the activity of flavanols 

synthase (Winkel-Shirley, 2001, 2002). Enzymes involved in the production of kaempferol 
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are ubiquitous in plants, in addition to different glycosyl transferases GTs to form glycosides 

with different sugar types i.e., glucose, rhamnose and galactose (Kovalev and Seraya, 1984). 

Comparison of GT kinetics in different plant sources should provide better understanding of 

how kaempferol is stabilized and stored in planta.  

 

7. Bioactivities of kaempferol  

7.1 Anti-inflammatory  

7.1.1 In vitro and enzyme-based assays of kaempferol action mechanisms. 

Inflammation is a protective physiological response of body to harmful stimuli. Normally, 

when an external stimulus attacks the body, the body will initiate an inflammatory response 

to clear it and further repair the wound. While, the continuous inflammatory response can 

damage the body(Kim et al., 2010; Kim et al., 2013; Ham et al., 2015). It shows redness, 

swelling, heat, pain and dysfunction (Medzhitov, 2008). Under the normal circumstances, 

inflammation is beneficial and is a defensive response of the bodies, but once this 

inflammatory response is over-activated, it will attack the own’s tissues and lead to the 

occurrence of variety inflammatory diseases (Cushing and Higgins, 2021). A large number of 

studies have shown that kaempferol has a good anti-inflammatory effect, and its anti-

inflammatory effect is exerted via different mechanisms. The specifics are summarized below 

(Fig.4).  

 

7.1.1.1Targeting the NF-κB signaling pathway  

Studies have shown that the activation of the NF-κB signaling pathway is involved in the 

occurrence and development of acute or chronic inflammatory diseases (Afonina et al., 2017; 

Poma, 2020). Aberrant NF-κB signaling pathway was associated with different inflammatory 

diseases, such as rheumatoid arthritis, neuroinflammation, Crohn’s disease and ulcerative 

colitis (Hu et al., 2016). Kaempferol could prevent neuroinflammation by inhibiting the NF-

κB signaling pathway (Yu et al., 2013). Lee and other (2009) found that kaempferol could 

inhibit the expression of IL-8 in TNF-α-stimulated HEK 293 cells, and the mechanism may 

relate to the NF-κB signaling pathway. Also, kaempferol could suppressed the release of 

inflammatory cytokines (such as TNF-α, IL-1β, IL-18 and IL-6), and inhibited the NF-κB in 

ATP plus LPS-induced cardiac fibroblasts (Tang et al., 2015). In addition, kaempferol could 

inhibit the production of osteoclast factors (such as MCP-1 and IL-6) in osteoblasts induced 

by TNF-α, and block the nuclear translocation of NF-κB (p65) (Pang et al., 2006). 
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Figure 4. Diagram showing kaempferol signaling pathways alleviating inflammation are expressed 

via 3 pathways; pink circles resemble inhibition mechanisms and blue circle reflects activation 

mechanism. 

 

7.1.1.2 Targeting the MAPK signaling pathway 

The MAPK signaling pathway is composed of p38, ERK1/2 and JNK pathway, and show 

great role in the inflammatory response (Boutros et al., 2008; Brown and Sacks, 2009). The 

activation of the MAPK pathway is believed to be closely related to the production of 

inflammatory cytokines and inflammatory response (Chen et al., 1999; Westra et al., 2004). 

Kaempferol (10-9-10-7M) inhibit the JNK, MAPKs and ERK pathway mediated by c-raf to 

suppress neutrophil-related chemokines, Th2 and Th1 in THP-1 cells induced by LPS (Huang 

et al., 2010a). Liu and other (2021) found that kaempferol showed inhibitory effect against 

the inflammation induced by spinal cord injury and the mechanism was associated with 

MAPK pathway. Moreover, kaempferol was able to prevent the proliferation of rheumatoid 

arthritis synovial fibroblasts induced by IL-1β, with the effect suggested to relate to inhibit 

the phosphorylation of JNK, ERK1/2 and p38(Yoon et al., 2013). 
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7.1.1.3. Targeting NLRP3 inflammasomes 

NLRP3 inflammasome is a macromolecular protein complex, which includes three 

components, such as NOD-like receptor protein 3, apoptosis-related spot-like protein and 

aspartate proteolytic enzyme 1 protein (Kayagaki et al., 2015). NLRP3 inflammasome has 

been confirmed to be involved in the occurrence of various inflammation-related diseases 

(Opipari and Franchi, 2015). It is reported that kaempferol could inhibit the NLRP3 

inflammasome activation and thus to ameliorate the associated inflammatory symptoms in 

auto-inflammatory diseases (Lim et al., 2018). In splenic lymphocytes, kaempferol was found 

to alleviate LPS-ATP mediated inflammatory injury, identified as anti-proptosis agent (He et 

al., 2019). 

  

7.1.1.4 Targeting other signaling pathways  

Asides from these pathways discussed above, kaempferol could also exert anti-inflammatory 

effects through other pathways. Gong and other (2013) found that kaempferol could blockade 

the airway inflammation through disturbing Tyk-STAT signaling pathway. Another animal 

study showed that kaempferol could alleviate LPS-ATP-mediated inflammatory injury by 

regulating the pyroptosis pathway (He et al., 2019). Kaempferol also has inhibitory effect 

against neuro-inflammation and the molecular mechanism was associated with inhibition 

oftheTLR4/MyD88 pathway (Cheng et al., 2018). Moreover, the anti-inflammation effect of 

kaempferol was also related to modulating the cyclooxygenase pathway (Mahat et al., 2010) 

and aldosterone signaling (Liu et al., 2014). 

 

7.1.2 Anti-inflammatory in animals  

Inflammatory responses refer to a defensive response of the body to stimuli, manifested as 

redness, swelling, heat, pain and dysfunction (Lorenz et al., 2017). Usually, inflammation is 

beneficial to the human body, which is the body’s self-defence response. However, excessive 

or long-lasting inflammatory response can adversely affect the body and even cause some 

inflammatory-related diseases, such as rheumatoid arthritis (Schett, 2019), 

neuroinflammation (Dokalis and Prinz, 2019), lupus erythematosus (Boeltz et al., 2019), 

Crohn’s disease (Schmitt et al., 2019), ulcerative colitis (Neurath and Leppkes, 2019) and 

uveitis (Wildner and Diedrichs-Mohring, 2019). Studies revealed that kaempferol not only 

exerts good anti-inflammatory effects in in vitro assays, but also in various animal model. 

Tsai et al. found that kaempferol (125 mg/kg) could decrease the level inflammatory 

cytokines (IL-6 and TNF-α) in propacetamol-induced acute liver injury mice model (Tsai et 
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al., 2018). The anti-arthritis effect of kaempferol was related to the rebalance of gut flora and 

microbial metabolism (Aa et al., 2020). The involvement of gut microbiota of mediate for the 

action of dietary compounds is increasingly recognized and should be detailed for kaempferol 

actions in a separate section. However, Lin et al. found that the anti-arthritis effect was 

related to increase the expression of FOXP3 in regulatory T cells (Treg cells) (Lin et al., 

2015). In a dextran sulfate sodium (DSS) induced colitis model of mice, kaempferol could 

diminish the production of inflammatory mediators, and the mechanisms involve with 

arachidonic acid (AA) metabolism (Park et al., 2012). AA is a polyunsaturated fatty acid that 

can generate a series of inflammatory mediators (such as leukotrienes and prostaglandins) 

with strong activity (Powell and Rokach, 2015; Calder, 2020). Kaempferol (20, 40 and 80 

mg/kg) possesses a certain therapeutic effect in LPS-induced mastitis mice mode by 

inhibiting the NF-κB (Cao et al., 2014). Also, kaempferol could also significantly reduce the 

level of IL-1βby inhibiting NF-κB in rat OA chondrocytes (Zhuang et al., 2017). In addition, 

kaempferol ameliorated acute inflammatory and nociceptive symptoms in abdominal pain, 

gastritis and pancreatitis by blocking the activation Src, IRAK4 and Syk (Kim et al., 2015). 

And the anti-inflammatory of kaempferol is also investigated in another animal model (Guo 

and Feng, 2017) and were summarized in Table 2. 

 

7.1.3Anti-inflammatory potential in clinical study 

Since both in vitro and in vivo studies showed that kaempferol has anti-inflammatory effect. 

Consequently, human clinical trials were performed to explore the clinical potential of 

kaempferol. A clinical trial was performed on type-2 diabetic patients by testing the 

inflammatory biomarkers. The results showed that kaempferol-rich bean diet significantly 

reduced the expression of TNF-αand IL-6 in diabetic patients (Hosseinpour-Niazi et al., 

2015). In another nutritional-based trial, it was observed that different cruciferous diets 

enriched in kaempferol at different levels (i.e., radish 38 mg/kg kaempferol, cauliflower 270 

mg/kg kaempferol, and broccoli 30-72 mg/kg kaempferol) administered for 14 days showed 

decrease in the IL-8 and IL-6 (Alam et al., 2020). Furthermore, the level of inflammatory 

cytokines (IL-6 and TNF-α) was significantly reduced in male smokers, who received a 

broccoli diet for 10 days (Gutierrez-del-Rio et al., 2016). 
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Table 2. In vivo studies of the anti-inflammatory effects of kaempferol 
 

Inflammation model 

 

Molecular mechanisms References 

Propacetamol-induced acute liver injury Through anti-oxidative, anti-inflammatory and 

anti-apoptotic activities 

Tsai et al. (2018) 

Collagen-induced arthritis mice  Regulate the intestinal flora and microbiotic 

metabolism 

Aa et al. (2020) 

Collagen-induced arthritis rat Increase FOXP3 expression level in Treg cells 

and prevent pathological symptoms  

Lin et al. (2015) 

DSS-induced colitis in mice  Decrease the production of inflammatory 

mediators and the mechanisms may be involved 

in arachidonic acid metabolism 

Parket al. (2012) 

LPS-induced mouse mastitis Decrease the expression of TNF-α, IL-1β and 

IL-6 through inhibiting the activation of NF-κB 

Caoet al. (2014) 

Interleukin-1β-induced inflammation Suppression of NF-κB Zhuang et al. (2017) 

Ethanol (EtOH)/HCl-and aspirin-induced 

gastritis, LPS/caerulein (CA) triggered 

pancreatitis, and acetic acid-induced writhing 

Block the activation of various inflammatory 

signaling components, including Src, Syk, and 

IRAK4 that play central roles in the activation 

ofNF-αB and AP-1 

Kim et al. (2015) 

In neonatal rats Inhibit the activities of COX-1, COX-2 and 

TNF-α 

Guo and Feng (2017) 
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7.2 Anti-cancer  

7.2.1 In vitro and enzyme-based assays of kaempferol action mechanisms  

Multiple studies have shown that kaempferol show strong anti-cancer activity, including liver 

cancer, gastric cancer, colon cancer, cervical cancer and bladder cancer, etc., and its anti-

cancer activity may involve the molecular mechanisms as follow (Fig. 5). 

 

 

Figure 5. Diagram showing kaempferol anticancer mechanism targeting different oncogenic 

pathways including ER, EGFR, ERS and PI3K/Akt pathways and underlying action mechanisms.  

 

7.2.1.1Targeting PI3K/Akt signaling pathway  

PI3K/Akt is one of the important signaling pathway at cellular level. In many malignant 

tumors, it is overexpressed or activity is increased, which in turn affects the infiltration, 

metastasis and metabolism of tumor cells (Fresno Vara et al., 2004; Li et al., 2017; Liu et al., 

2017), and is consequently a target in drug (such as copanlisib and idelalisib) therapy. 

Kaempferol could block the PI3K/Akt signaling pathway and induce apoptosis and 

autophagy, as well as inhibit proliferation, migration, and invasion in several types of cancers 

such as bladder cancer (Wu et al., 2018), cholangiocarcinoma (Qin et al., 2016b), cervical 

cancer (Kashafi et al., 2017), colon cancer (Riahi-Chebbi et al., 2019), liver cancer (Jiang et 

al., 2018; Zhu et al., 2018), and gastric cancer (Song et al., 2015). 

  

7.2.1.2 Targeting endoplasmic reticulum stress and mitochondria-dependent pathways  
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The endoplasmic reticulum is the prime destination where folding, modification and 

assembly of proteins after their synthesis in eukaryotic cells, as well as serves the reservoir of 

intracellular Ca2+ storage (Araki and Nagata, 2012). When cells are hampered by harmful 

factors such as hypoxia and radiation, misfolded and unfolded proteins are accumulated in the 

endoplasmic reticulum cavity along with imbalance in Ca2+. This phenomenon is known as 

endoplasmic reticulum stress (ERS) (Dicks et al., 2015). During ERS, cells could maintain 

ER-homeostasis through the responses of unfolded proteins and ER-overloading, including 

sterol-regulated cascade reaction to ensure cell survival (Pahl, 1999). Nevertheless, in case 

the stress persists or the stress damage exceeds the cell survival and protection ability, ER-

related apoptosis is initiated, resulting apoptosis (Tameire et al., 2015). Current studies have 

shown that unfolded protein response-mediated cell survival protection mechanisms such as 

anti-apoptosis and autophagy are associated with the occurrence and development of tumors. 

Research found that kaempferol could inhibit human osteosarcoma cells and induced 

apoptosis, with molecular mechanism may be related to ERS (Huang et al., 2010b). Also, in 

HepG2 cells, kaempferol apoptosis through the ERS pathway (Chen et al., 2016).  

 

7.2.1.3 Targeting EGFR-related pathway  

The epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein composed of 

a single polypeptide chain. EGFR could bind to a variety of ligands and regulate several 

biological processes by activating downstream pathways (Yoshida et al., 2010). Studies 

suggested that changes in the EGFR pathway play a crucial effect in the process of tumor 

angiogenesis, proliferation, infiltration, and apoptosis (de La Motte Rouge et al., 2007). 

Kaempferol decreased the viability of pancreatic cancer cells, and was related to the Akt, 

EGFR-related Src and ERK1/2 pathways (Lee and Kim, 2016). In addition, kaempferol could 

inhibit cell growth and induce cell cycle arrest and apoptosis by inhibiting the EGFR/p38 

pathway in renal cell carcinoma (Song et al., 2014). 

  

7.2.1.4 Targeting estrogen receptor pathway 

There are two types of estrogen receptors, one type is the nuclear estrogen receptors (ERs), 

which belong to the transcription factor family; the other type is cell membrane ERs, which 

belong to G protein-coupled receptor (GPER) (Haldosen et al., 2014). Both ER types protein 

families can bind to estrogen to initiate the transcription of estrogen-responsive genes. It is 

reported that abnormal estrogen signal transduction could promote the occurrence and 

development of ovarian cancer (Ciucci et al., 2014), breast cancer (O'Neill et al., 2004), 
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prostate cancer (Walton et al., 2008) and colon cancer (Edvardsson et al., 2013). Kaempferol 

shows some structural similarity to estrogen and can serve as a selective ER modulator and to 

thus exert its anti-cancer effect by antagonizing the activities of ERRs (Wang et al., 2013). In 

a breast cancer study, kaempferol showed anti-proliferative effect and inhibited the malignant 

transformation by ER-dependent pathway (Oh et al., 2006), and also confirmed in a xenograft 

breast cancer model (Kim et al., 2016). How does kaempferol compare in efficacy to other 

hormonal dependent cytotoxic agents such as soy isoflavones has yet to be determined, and 

whether a synergistic action exists among different flavonoid subclasses in assays using plant 

extracts needs to be clarified.  

  

7.2.1.5 Targeting other pathways  

Kaempferol also exert anti-cancer effects through another pathways. For instance, kaempferol 

was able to induce DNA damage and suppressed DNA repair and the expression of DNA 

related proteins in human leukemia HL-60 cells (Wu et al., 2015). Studies showed that 

kaempferol reduced cell viability and induced apoptosis by promoting the ERK, ELK1 and 

MEK1 activation (Kim et al., 2008). In lung adenocarcinoma A549 cells, kaempferol 

suppressed cell proliferation and decreased claudin-2 by inhibiting the binding of STAT3 and 

claudin-2 (Sonoki et al., 2017). In addition, kaempferol could also induce apoptosis by 

inhibiting Nrf2 signaling pathway in NSCLC cells (Sonoki et al., 2017). Whether such 

actions exist in other lung cancer cell lines i.e., A549 need to be examined in the future.  

  

7.2.2 Anti-cancer in animals  

The anti-cancer effect of kaempferol in vivo has been validated in a xenograft nude mouse 

model of several cancers’ types including gastric cancer (Araki and Nagata, 2012), breast 

cancer (Wu et al., 2015), non-small lung cancer (Kuo et al., 2015), osteosarcoma (Chen et al., 

2016), bladder cancer (Dang et al., 2015; Qiu et al., 2017), esophageal squamous cell 

carcinoma (Yao et al.,2016), cholangiocarcinoma (Kashafi et al., 2017) and prostate cancer 

(Mamouni et al., 2018). The tumor models were established by implanting cancer cells 

subcutaneously into the BALB/c nude mice and used to investigate the chemotherapeutic 

effect of kaempferol in vivo. In most of the studies, kaempferol was administered either orally 

or intraperitoneally and the dosage as well as treatment time of kaempferol, mainly rely on 

the specific experimental setup. The main molecular mechanisms of kaempferol inhibiting 

the growth of xenograft tumor growth are mainly related to the suppression of metastasis, the 
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Table 3. In vivo studies of the anti-cancer effects of kaempferol 
 

Animal models Kaempferol Treatments Outcome and plausible mechanism 

of Action 

References 

SGC7901 cells (s.c.) into the 4-week-

ld athymic mice 

20 mg/kg kaempferol (i.p.) for 3 

weeks daily 

Suppress gastric cancer cell growth  Araki and Nagata (2012) 

A549 cells (s.c.) into the BALB/c 

nude mice near the left hind leg 

56 μM of kaempferol Suppress the tumor growth and tumor 

volume. 

Kuo et al. (2015) 

MCF cells (s.c.) into the middle of 

the backof the mice 

100 mg/kg kaempferol (i.p.) two or 

three times a week for 6 weeks 

Suppress the tumor growth and tumor 

volume 

Wu et al. (2015) 

U-2 OS cells (s.c.) into the flank of 

BALB/c nu/numice 

25 or 50 mg/kgof Kaempferol in 

olive oil, daily for up to 40 days 

orally 

Inhibit xenograft tumor growth Guo et al. (2016) 

T24 cells (s.c.) into the right flank of 

BALB/c nude mice 

150 mg/kg kaempferol (i.p.) for 31 

days 

Inhibit bladder cancer growth Qiu et al. (2017) 

5637cells (s.c.) into the flanks of 

athymic BALB/c nu/nu male mice 

50, 100, 150 mg/kg kaempferol (i.p.) 

for 4 weeks 

Suppress tumor growth as well as 

metastasis and invasion in 

xenografted mice and caused down-

regulation of growth-related markers 

and c-Met/p38 signaling pathway, 

up-regulated apoptosis markers. 

Dang et al. (2015) 

KYSE 150 cells (s.c.) into the right 

flank of nude mice 

100 mg/kg kaempferol (i.p.) every 

three days for 18 days 

Prevent the growth of tumor size 

coupled with a marked decrease 

inhexokinase-2 expression and EGFR 

activity in tumor tissues. 

Yao et al. (2016) 

QBC939 cells (s.c.) into the flanks of 

nude mice 

20 mg/kg kaempferol(i.p.)daily for 3 

weeks 

Reduce the volume of subcutaneous 

xenograft and the number of 

metastasis 

Kashafi et al. (2017) 

C4-2-luc cells (s.c.) into the male 

athymic nude mice 

100 and 200 mg/kg ProFine (a 

standardized composition of luteolin, 

quercetin and kaempferol) (i.p.) three 

times per week for 2  

Reduce the growth of PCa xenografts Mamouni et al. (2018) 
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induction of apoptosis, and the regulation of related molecular cell signaling pathways. The 

anti-cancer effect of kaempferol is summarized in Table 3, providing strong evidence of 

kaempferol as an effective anti-cancer flavonoid.  

  

7.2.3Anti-cancer potential in clinical study 

A four-year randomized, multi-center, nutritional intervention trial, also called “Polyp 

prevention trial”, was employed to evaluate whether kaempferol could inhibit colorectal 

adenoma recurrence. Results indicated that high intake of diet with enriched in kaempferol 

could decrease the risk of recurrence on advanced adenoma (Bobe et al., 2008). Another 

prospectivestudyincluding66,940 women, and the diet intake of all the participants contained 

dietary kaempferol. The results showed that the incidence of ovarian cancer was significantly 

reduced by 40%, for the highest vs lowest quintile of kaempferol intake (RR = 0.60, 95% CI 

= 0.42-0.87, P= 0.002) (Gates et al., 2007). These data indicated that dietary intake of 

flavonoids such as kaempferol may reduce the risk of cancer and has yet to be examine for 

other type of cancers, especially for those with potential effects for kaempferol based on in 

vitro and in vivo studies. 

  

7.3 Anti-diabetic  

7.3.1In vitro and enzyme-based assays of kaempferol action mechanisms  

Diabetes is one of the main diseases worldwide, and it is another major cause of death after 

heart disease and cancer (Dowarah and Singh, 2020). Meanwhile, if the blood  glucose is not 

well controlled, it is very easy to induce various diabetes complications, such as diabetic 

nephropathy, diabetic ketoacidosis, diabetic foot disease and diabetic retinopathy, etc. (Dow 

et al., 2018). Studies indicated that kaempferol show great effect on the treatment of diabetes, 

and its molecular mechanism may be related to the following (Fig.6).  

  

7.3.1.1 Targeting AMPK signaling pathway  

AMPK-activated protein kinase (AMPK)is the energy sensor of the cell and 

the core areaof the related metabolic diseases such as glucose and lipid metabolism disorders. 

It is expressed in various metabolic organs and could be activated by various body stimuli, 

which play a significant role in keeping the body’s glucose balance (Hardie, 2018). As a 

cellular sensor, AMPK is turned on when the AMP/ATP increase, while it restores energy by 

turning on the catabolic pathway to inhibit the cell growth to achieve a steady state. The 

activation of AMPK could inhibit lipogenesis, stimulate fatty acid oxidation, glucose 
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production and improve insulin sensitivity and glucose tolerance (Hardie, 2013). Varshney et 

al. reported that kaempferol could activate autophagy through the AMPK/mTOR pathway, 

exert a protective effect on palmitic acid-induced pancreatic β cells and resist lipotoxicity 

(Varshney et al., 2017).In addition, kaempferol could inhibit intracellular lipid accumulation 

through activation of the AMPK signaling pathway (Gan et al., 2017). 

 

 

Figure 6. Kaempferol biological actions tested in clinical trials and their underlying action 

mechanism. 

 

7.3.1.2 Targeting other pathways 

The anti-diabetic effect of kaempferol is also related to other signaling pathways. A study 

revealed that kaempferol may be a potential drug for the treatment of diabetic retinopathy, 

because it can target VEGF and PGF to inhibit the Src-Akt-Erk1/2 to inhibit angiogenesis 

(Xu et al., 2017). It has also been found that attenuate diabetic nephropathy by inhibiting 

RhoA/Rho pathway (Sharma et al., 2019) and suggested that it can prevent several of the 

complications often observed in diabetes aside from its management. 

  

7.3.2 Anti-diabetic in animals  

Diabetes is a metabolic disease characterized by the presence of high blood sugar level. The 

anti-diabetic effect of kaempferol in the treatment of diabetes by using a high fat diet (HFD) 

or HFD plus STZ-induced diabetic mouse model was explored. Treatment of dietary 
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kaempferol (0.15%) to high fat-fed mice for 92 days, resulted in a significant decrease in the 

body weight, fasting blood glucose (FBG), and serum HbA1c levels (Zang et al., 2015). Qin 

et al. (2016a) reported that kaempferol improved insulin sensitivity and other disorders 

characterized by insulin resistance in HFD induced mice. Alkhalidy et al. (2018) reported that 

kaempferol anti-diabetic action was found to be mediated by inhibiting liver gluconeogenesis 

and promoting skeletal muscle glucose metabolism. Meanwhile, treated with kaempferol 

could restore plasma glucose and insulin levels near to the normal (Al-Numair et al., 2015). 

Moreover, kaempferol not only can be used to treat diabetes, but also exhibits certain in 

diabetic complications. Long-term hyperglycemia can induce a series of metabolic 

complications. Diabetic nephropathy is one of the most common complications of diabetic 

patients, which seriously threatens the health of patients. Luo and other (2021) found that 

kaempferol could significantly improve the renal inflammation, fibrosis, and kidney 

dysfunction in diabetic mice, and the mechanism may relate to inhibit the expression of 

TRAF6.Another study revealed that kaempferol could ameliorate diabetes-induced fibrosis 

and renal damage (Sharma et al., 2020) (Table 4). 

 

7.4 Miscellaneous effects  

In addition to the categorized effects reported in the above sections, kaempferol exhibited a 

protective effect on bone and lung ischemia-reperfusion. Wong and other (2019) reported on 

kaempferol osteoprotective effects in bone fracture models, ovariectomy-induced and 

glucocorticoid-induced osteoporotic models as well as in newborn rats are mediated by 

regulating estrogen receptor, NF-κB, BMP-2, mTOR and MAPK pathways. These findings 

confirmed potentially effect performance of kaempferol for the treatment of prophylaxis and 

osteoporosis, and whether such action is similar to isoflavones and lignans effect in 

osteoporosis has yet to be elucidated. Kaempferol effect in degenerative bone diseases is 

mediated via the stimulation of WNT/β-catenin pathway leading to the induction of 

estrogenic action (Sharma and Nam, 2019). In addition, kaempferol could decrease the Bax 

and cytoplasmic cytochrome c in ischemia-reperfusion injury model (Yang et al., 2021). 

Additionally, kaempferol showed a hepatoprotective effect in alcoholic liver injury mice 

(Shakya et al., 2014; Wang et al., 2015; Zhou et al., 2018). Gao and other (2019) have found 

that kaempferol has an antidepressant effect in a mouse model, and the molecular mechanism 

may be related to the reduction of oxidative stress, the increase proinflammatory cytokines 

and the up-regulation of AKT/β-catenin. Lee et al. found that kaempferol show a protective 

effect on T cell-mediated disease in a mouse model of atopic dermatitis (Lee and Jeong, 
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Table 4. In vivo studies of the anti-diabetic effects of kaempferol 

 

Model Molecular mechanism References 

High fat-fed C57BL/6J mice 

for 92 days 

Reduce the accumulation of adipose tissue, improve hyperlipidemia as well as 

diabetes in obese mice by increase lipid metabolism through the down-

regulation of PPAR-γ and SREBP-1c 

Zang et al. (2015b) 

C57BL/6 mice were fed 

with HFD for 8 weeks 

inhibit gluconeogenesis and corrected lipid metabolic disorder in DIO mice Qin et al. (2016b) 

C57BL/6 male mice (i.p.) 

STZ 40 mg/kg for 4 

consecutive days 

Antidiabetic via promoting glucose metabolism in skeletal muscle and 

inhibiting gluconeogenesis in the liver 

Alkhalidy et al. (2018b) 

STZ-induced diabetic rats Brought back in plasma glucose, insulin, lipid peroxidation products, 

enzymatic, and non-enzymatic antioxidants to near normal 

Al-Numair et al.(2015b) 

C57BL/6 mice were injected 

with STZ 

Reduce renal inflammation, fibrosis, and kidney dysfunction and associated 

with a downregulation of TRAF6 

Luo et al.(2021b) 

STZ-induced diabetic rats Enhance the release of GLP-1, insulin, and inhibition of RhoA/Rho Kinase Sharma et al. (2020) 
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2021). In Plasmodium berghei infection in mice, treated with kaempferol, and found that 

kaempferol showed great antimalarial activity (Somsak et al., 2018). Suchal and other (2017) 

found that kaempferol could protect diabetic myocardium from ischemia-reperfusion by 

reducing the oxidative stress and inflammation induced by AGE/RAGE/mitogen-activated 

protein kinase. Yuan and other (2021) found that kaempferol alleviates the CaOx crystal-

induced tubular damage through regulation of the AR/NOX2 signaling pathway. 

  

8. Toxicological studies and drug interactions  

In view of various pharmacological effects of kaempferol, its safety and toxicity have 

gradually attracted a huge amount of attention especially if to be consumed over long time as 

a dietary supplement. A few researches showed that kaempferol was showed more that 80% 

inhibition at the dose levels of 0.1 μM, to suppress the mutagenesis in TA100 NR 

(Salmonella typhimurium strain) induced by the carcinogen N-methyl-N’-nitro-N-

nitrosoguanidine (Francis et al., 1989b). Meanwhile, the results showed that the inhibition on 

the mutagenicity of AFB1 exceeded 90% when it was detected at the highest dose (Francis et 

al., 1989a). In addition, another study also showed the anti-mutagenic effects of kaempferol 

(MacGregor and Jurd, 1978). Moreover, Takahashi and other (1983) reported that kaempferol 

oral administration for 540 days in 340 rats and it was found that the incidence of tumors did 

not increase, suggesting that kaempferol could prevent its genotoxic due to the low oral 

bioavailability. Furthermore, some in vitro studies indicated that kaempferol may reduce iron 

absorption via chelation with its hydroxyl groups in addition to folic acid (Hu et al., 2006; 

Lemos et al., 2007). A potential drug interaction also cancer patients receiving etoposide 

treatment were advised not to administer kaempferol as, it interferes with etoposide 

bioavailability (Lemos et al., 2007; Li et al., 2009). However, there are no evident on human 

trails showing that oral kaempferol has potential toxicity or adverse events.  

  

9. Conclusions and perspectives  

The dietary flavanols kaempferol has been extensively investigated both in vitro and in vivo 

experiments. It is clear to interact selectively with different proteins and intracellular 

enzymes, serum enzymes, receptors and transcription factors besides acting as ligands. The 

multi-effect and multi-target action modes of kaempferol as highlighted in this review pave 

the way for its development into nutraceutical products with validated claims of efficacy and 

safety. Among reported effects, kaempferol showed an effective anti-inflammatory, an-cancer 

and anti-diabetic action by targeting multiple signal pathways and to be considered for 
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incorporation in nutraceuticals. Separately or as adjunct with clinical first-line drugs to 

enhance their efficacy, while reducing possible side effects. Most studies on kaempferol are 

conducted in vitro and in vivo animal models with far less performed clinical studies 

involving humans. In order to promote the clinical application of kaempferol, more human 

experiments ought to conduct to evaluate its safety, pharmacokinetics and pharmacodynamics 

in vivo. Considering kaempferol lipophilicity and relatively poor bioavailability research into 

new formulations and enhanced delivery systems i.e., liposomes etc. should now follow. 

With the advances in metabolomics and other-omics, better monitoring of kaempferol 

metabolism can be achieved. With the development of minicomics and bioinformatics, the 

intestinal flora has been confirmed to be closely related to human digestion, absorption, 

metabolism, immunity and other functions and has yet to be considered holistically in case of 

kaempferol. Such in depth studies of the biological and functional activities of the 

metabolites derived following ingestion will consolidate the link between the health benefits 

and the intake of kaempferol.  
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