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A B S T R A C T   

Picrasma quassioides (D.Don) Benn is a member of the Simaroubaceae family, which has a long 
history of medicinal use in China, the composition of compounds is complex, mainly including 
alkaloids, lignin, triterpenoids, and other compounds. As a traditional Chinese medicine, 
P. quassioides has pharmacological effects such as anti-inflammatory, antipyretic, antiviral, blood 
pressure lowering and anticancer. Scholars at home and abroad have been studying P. quassioides 
for about 50 years. In the present review, the research status of the chemical composition, 
pharmacological activity and pharmacokinetics of P. quassioides was provided, as a reference for 
further developing the value of P. quassioides.   

Picrasma quassioides (D.Don) Benn is a member of the Simaroubaceae family, is a traditional Chinese herb with a long history of 
medicinal value, which is bitter, cold in nature, and belongs to the lung and large intestine meridians. According to the 2020 edition of 
the Chinese Pharmacopoeia, P. quassioides has the effect of clearing heat and removing dampness which is used for wind-heat colds, 
sore throats, damp-heat diarrhea and dysentery, eczema, sores, and snake and insect bites [1]. The chemical composition of P. 
quassioides is complex and rich, containing triterpenoids, volatile oils, flavonoids, sterols, saponins, coumarins, and phenolic glycosides 
in addition to the characteristic P. quassioides alkaloids and bittersweet components [2]. Modern pharmacological studies have shown 
that P. quassioides has anticancer, anti-inflammatory, antibacterial, antihypertensive, antipyretic, antivenom, antimalarial, and sto
machic effects [3]. Clinically, a variety of active ingredients in P. quassioides have been used in herbal preparations, such as P. 
quassioides injection, P. quassioides combination, compound P. quassioides anti-inflammatory capsule, lotus gall bladder 
anti-inflammatory tablets, and anti-inflammatory and cholagogue tablets, and have achieved good efficacy in the treatment of various 
inflammatory diseases such as upper respiratory tract infections, cholecystitis, and enteritis [4–6]. In addition to its significant 
anti-inflammatory effects, P. quassioides contains components such as P. quassioides alkaloids and bittersweet, which have various 
pharmacological activities such as anti-tumor, blood pressure lowering, and anti-pathogenic microorganisms [7,8]. This study reviews 
the chemical composition, pharmacological activity, and pharmacokinetic studies of P. quassioides in the past 50 years to provide a 
basis for better development and utilization of the Chinese medicine P. quassioides. 
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1. Chemical composition of P. quassioides 

The chemical composition of P. quassioides is relatively complex. A β-carboline alkaloid was first isolated and identified from P. 
quassioides by Japanese scholars Kondo and Takemoto [9] in 1973, and subsequently, its chemical composition has been extensively 
studied by domestic and foreign scholars. It was found that the main chemical composition of P. quassioides are alkaloids and 
bittersweet substances, and the P. quassioides alkaloids have received wide attention due to their significant pharmacological activity 
and have been used as marker compounds for quality control of P. quassioides and its related preparations. 

1.1. Alkaloids 

P. quassioides alkaloids are classified into β-carboline alkaloids, canthin-6-one alkaloids, and alkaloid dimers. According to the 
literature, 86 alkaloids have been identified in the P. quassioides, including 60 β-carbolines, 15 canthin-6-ones, and 11 alkaloid dimers. 

1.1.1. β-carboline alkaloids 
The most abundant alkaloids in P. quassioides plants are the β-carboline alkaloids, of which there are 60 species [9–29]. Among 

them, there are 58 compounds with the parent nucleus structure in Fig. 1 A and two compounds with the parent nucleus structure in 
Fig. 1 B. 

1.1.2. Canthin-6-one alkaloids 
There are 15 canthin-6-one alkaloids [16,9,18,21–23,26,27,30,31] in the P. quassioides plant, as shown in Fig. 2. There are 11 

compounds with the parent nucleus structure in Fig. 2 A, one with the parent nucleus structure in Fig. 2 B, and three with the parent 
nucleus structure in Fig. 2 C. 

1.1.3. Alkaloid dimers 
There are four parent nucleus structures of alkaloid dimer compounds in P. quassioides plants, totaling 11 compounds [24,26, 

31–36]. Among them, there are two, two, three, and four compounds with the parent nucleus structures of Fig. 3 A, B, C, and D, 
respectively, and the structures are shown in Fig. 3. 

1.2. Quassinoids 

Quassinoids chemicals are characteristic components in the Chinese herbal medicine P. quassioides plant, and 64 quassinoids 
structures have been identified [37–50]. There are three types of their parent nucleus structures, hemiacetals and lactones. There are 
24 compounds with the parent nucleus structure of Fig. 4 A, one compound with the parent nucleus structure of Fig. 4 B, and 39 
compounds with the parent nucleus structure of Fig. 4 C. Their structures are shown in Fig. 4. 

1.3. Triterpenoids 

A total of 42 triterpenoids were identified in P. quassioides [51–55], with two parent nucleus structures, as shown in Fig. 5. Among 
them, one compound with the structure of parent nucleus Fig. 5 A and 41 compounds with the structure of parent nucleus Fig. 5 B were 
identified. 

1.4. Other substances 

So far, other compounds isolated from P. quassioides include volatile oils, phenylpropanoids, flavonoids, phenolic glycosides, 
phenolic acids, and violetone derivatives of cyclohexanone [56–58], including sesquiterpenes [12], cinnamamide derivative [15], 
neolignans [59,60], phenolic derivatives [61], and cyclization ionone derivative [62], which have been newly discovered in recent 

Fig. 1. Parent nucleus structure of β-carboline alkaloids in P. quassioides. (A) The parent nucleus structure of 58 β-carboline alkaloid compounds. (B) 
The parent nucleus structure of two other β-carboline alkaloid compounds. 
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Fig. 2. Parent nucleus structure of canthin-6-one alkaloids in P. quassioides. (A) The parent nucleus structure of 11 canthin-6-one alkaloid com
pounds. (B) The parent nucleus structure of one canthin-6-one alkaloid compound. (C) The parent nucleus structure of three other canthin-6-one 
alkaloid compounds. 

Fig. 3. Parent nucleus structure of alkaloid dimer in P. quassioides. (A) The parent nucleus structure of two alkaloid dimer compounds. (B) The 
parent nucleus structure of two alkaloid dimer compounds among them. (C) The parent nucleus structure of three alkaloid dimer compounds. (D) 
The parent nucleus structure of four other alkaloid dimer compounds. 
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years. 

1.5. Structural activity relationship (SAR) of P. quassioides 

The structural activity relationship (SAR) of P. quassioides refers to the relationship between the structure of a specific chemical 
component in P. quassioides and its biological activity. The SAR of P. quassioides is mainly reflected in the close relationship between 
the structure of its chemical composition and its biological activity. The structural characteristics of these chemical components, such 
as containing nitrogen atoms and aromatic rings, give them unique pharmacological activities, such as antihypertensive, anti-cancer, 
anti-inflammatory and so on. Through the in-depth study of P. quassioides SAR, it can further reveal its pharmacological mechanism, 
and provide scientific basis for the quality control and clinical application of P. quassioides. 

For example, alkaloids in P. quassioides, such as quassa, have an inhibitory effect on cAMP phosphodiesterase, which can affect 
intracellular signaling and thus affect blood pressure. In addition, the total alkaloids of P. quassioides promote the synthesis and release 
of vasodilator NO by endothelial cells through increasing the protein expression of eNOS, which makes blood vessels dilate and blood 
pressure decrease. In addition, the growth of lymphocytic leukemia P388 cell line was inhibited by picroside B in P. quassioides, which 
may be related to the specific structure of the compound, such as aromatic ring and nitrogen atom [37,63,64]. 

2. Biological activity of P. quassioides 

2.1. Anti-cancer 

According to recent literature, the anticancer effects and mechanisms of P. quassioides are as follows: treatment of lung cancer cells 
with P. quassioides extracts increases intracellular reactive oxygen species, decreases cell proliferation and migration capacity, and 
causes autophagy and apoptosis [65]. Compound d of the 4-methoxy-5-hydroxy-canthin-6-one (CAN1) backbone, an analog of 
canthin-6-one isolated from P. quassioides, exhibited stronger anti-tumor cell proliferative activity than 5-FU and induced apoptosis of 
human cancer cell lines, HepG2 and HCT116 more effectively [66]. P. quassioides extract can inhibit the growth of tumors in mice with 
gastric cancer by upregulating the p21 gene and improving the immune capacity of the body [67]. 

It was found that P. quassioides extract tonics have some efficacy in primary liver cancer, probably by modulating the levels of AFP, 

Fig. 4. Parent nucleus structure of quassinoids in P. quassioides. (A) The parent nucleus structure of 24 quassinoid compounds. (B) The parent 
nucleus structure of one quassinoid compound. (C) The parent nucleus structure of 39 other quassinoid compounds. 

Fig. 5. Parent nucleus structure of triterpenoids in P. quassioides. (A) The parent nucleus structure of one triterpenoid compound. (B) The parent 
nucleus structure of 41 other triterpenoid compounds. 
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VEGF, nm23, CD44, and Bcl-2 in the serum of patients to achieve the antitumor effect [68]. In addition, β-carboline enantiomers 
extracted from P. quassioides were able to reduce the expression of H-Ras, inhibit the viability of hepatocellular carcinoma cells, and 
affect ROS accumulation and mitochondrial function in HepG2 cells with H-ras mutations [69]. The compounds isolated from P. 
quassioides can have antitumor effects by significantly and selectively inhibiting hepatocellular carcinoma cell activity and inducing 
apoptosis leading to hepatocellular carcinoma cell death [16,70]. 

Picrasidine F, which also has therapeutic effects in cervical cancer, can exert antitumor effects by mediating the miR-331-3p/ 
PSME3 axis to inhibit the proliferation of cervical cancer HeLa cells and promote apoptosis [71]. P. quassioides ethanol extract can 
inhibit ATP synthesis and induce apoptosis in cervical cancer SiHa cells, and the P38MAPK signaling pathway is key to the induction of 
apoptosis [72]. β-CCE (a β-carboline alkaloid in P. quassioides) can increase ROS levels in cervical cancer cells, damage mitochondria, 
induce apoptosis, and activate p38/MAPK and mitochondria-dependent apoptotic signaling pathways [73]. Furthermore, the three 
β-carboline alkaloid components isolated from the ethanolic extract of the stem of P. quassioides showed inhibitory effects on both 
cervical and other cancer cells, further confirming the anticancer effects of P. quassioides [8]. 

Dehydrohumanoside extracted from P. quassioides induces cell cycle arrest and apoptosis in nasopharyngeal carcinoma cells by 
regulating JNK and ERK signaling pathways [74]. Picrasidine G (PG), a natural dimeric alkaloid of P. quassioides, reduces the viability 
of the MDA-MB468 cell line (TNBCEGFR+), increases apoptotic markers, and inhibits transcription of STAT3 target gene survivin, 
which may contribute to targeted therapy in patients with triple-negative breast cancer (TNBC) [75]. In addition, the P. quassioides 
alkaloid 1-methoxycarbonyl-β-carboline (MCC) inhibited the viability, migration, invasion, and lumen formation of human umbilical 
vein endothelial cells (HUVECs) and suppressed the growth of tumor masses and metastasis of DU145 tumor cells [76]. 

2.2. Anti-inflammatory 

The alkaloid component of P. quassioides is the main effective anti-inflammatory substance, and a large number of β-carboline 
alkaloid compounds isolated from the branches, stems, and roots of P. quassioides exhibited good anti-inflammatory biological activity 
[77]. For example, the alkaloid picrasidine I in P. quassioides can inhibit osteoclastogenesis and exert anti-inflammatory effects [78]. 
The carboline alkaloids in P. quassioides also have potential anti-inflammatory and antimicrobial activities, with studies finding the 
highest inhibitory effect of 1-formyl-4-methoxy-β-carboline and 1-formyl-β-carboline [79]. In addition, P. quassioides lipotropin A, 
boldenolA, boldenolC, and Fustin also inhibit the release of inflammatory factors and achieve anti-inflammatory effects [80,81]. It was 
also found that total P. quassioides alkaloids had a significant effect on collagen-induced arthritis, reducing the degree of swelling and 
joint damage. It reduced TNF-α, IL-6, foot and plantar swelling and joint damage in rats [82]. 

Clinical trials on the anti-inflammatory properties of P. quassioides are as follows: P. quassioides injection combined with azi
thromycin provides synergistic and additive inhibition of the inflammatory factors NO and TNF-α [63]. The combination of oral 
compound P. quassioides anti-inflammatory tablets with topical Lankefuning can safely and effectively treat acne vulgaris with an 
efficiency of 95 % in the treatment group [83]. P. quassioides injection nebulized inhalation adjunct to conventional treatment 
significantly increased the overall efficiency of acute upper respiratory tract infections in pediatric patients [84]. Intramuscular in
jection of P. quassioides injection in the treatment of acute upper respiratory tract infections in pediatric patients has an overall ef
ficiency of 97.8 % and a high safety profile [4]. 

Lotus gall injection can relieve fever caused by mixed typhoid and paratyphoid bacteria in rabbits [85,86], and also has a coun
teracting and antipyretic effect on fever caused by tripterygium vaccine [87]. In addition, the active ingredients in P. quassioides have 
analgesic effects, among which the β-carboline alkaloid Dehydrocrenatidine can achieve analgesic effects by inhibiting neuronal 
excitability [88]. In addition, the β-carboline alkaloid dehydrocretidine (DHCT) also has analgesic effects and has demonstrated a 
reduction in mechanical nociceptive hypersensitivity in a rat model of neuropathic pain from chronic compression injury of the sciatic 
nerve [89]. 

2.3. Antibacterial 

P. quassioides alkaloids have shown varying degrees of inhibition in vitro against a variety of bacteria, such as Streptococcus 
haemolyticus B, Staphylococcus aureus, Bacillus sonnei dysentery, Bacillus subtilis, and Bacillus octococci [90,91]. 

P. quassioides aqueous decoction and lipid-soluble total alkaloids showed antibacterial effects against four experimental bacteria in 
vitro, and topical application of P. quassioides aqueous decoction relieved ear redness and lowered serum IgE and IL-6 levels in mice 
with atopic dermatitis, indicating its antibacterial and anti-inflammatory effects [92]. One study determined that lipid-soluble P. 
quassioides alkaloids had a strong inhibitory effect on E. coli strains C249, WM, and YL in vitro [93]. Chen M. et al. [94] found that 4, 
5-Dimethoxycanthin-6-one had a significant inhibitory effect on Pneumococcus pneumoniae, and 5-Hydroxy-4-methoxycanthin-6-one 
and 3-methyl-canthin-2,6-dione also had an inhibitory effect. Methanolic substances extracted from the leaves, seeds, stems and root 
bark of P. quassioides, as well as fractions petroleum ether, methylene chloride, ethyl acetate, and n-butanol, all have broad-spectrum 
antibacterial activity against a variety of fungi [95]. In an in vitro evaluation of the anti-tuberculosis activity, foreign scholars found 
that the methanolic extract of P. quassioides also had an inhibitory effect on Mycobacterium tuberculosis. Shi G. et al. [8] isolated three 
β-carboline alkaloid components picrasidine F, G and S from the ethanol extract of P. quassioides stem, which showed significant 
antibacterial and cytotoxic activity against Staphylococcus aureus. 

The combination of P. quassioides injection and azithromycin may synergistically inhibit a variety of bacteria such as Staphylococcus 
aureus, including drug-resistant strains, by activating NF-κB and MAPKs signaling pathways and inhibiting the release of NO, TNF-α, 
and IL-6. In addition, combination therapy improves Klebsiella pneumoniae induced lung histopathy and alleviates clinical symptoms 
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[63,64]. 

2.4. Treatment of cardiovascular diseases 

P. quassioides increased serum nitric oxide and superoxide dismutase SOD levels in essential hypertensive rats and dilated blood 
vessels and lowered blood pressure by increasing the content of vasodilatory factor NO [96]. Several studies have shown that total 
alkaloids of P. quassioides have hypotensive effects in both normal and renal hypertensive rats, while slowing heart rate, improving 
myocardial blood flow and inhibiting sympathetic discharge [97]. The study of acute hypotensive and rat hypotensive experiments 
revealed that the total alkaloids of P. quassioides have obvious hypotensive effects and certain detoxifying effects, with good long-term 
efficacy and mild side effects [98]. The Chinese patent medicine of P. quassioides has also been shown to have antihypertensive effects 
similar to those of hypocretin, while P. quassioides lactone A may achieve hypotension through central α receptors [99,100]. Re
searchers isolated the quassinoid compound P. quassioides lactone A (I) from the stems of P. quassioides by aqueous extraction and 
found it to have significant antihypertensive effects and also showed better efficacy in clinical trials [101]. 

Total alkaloids of P. quassioides have significant hypotensive and heart rate-slowing effects in anesthetized dogs. Intravenous 
administration of total P. quassioides alkaloids to anesthetized dogs, significantly lowered blood pressure, slowed heart rate, reduced 
coronary blood flow, decreased cardiac output, reduced left ventricular work, and decreased myocardial oxygen consumption [102]. 
Perfusion experiments on the isolated heart of toads showed a slowing of heart rate, but did not affect myocardial contractility; 
perfusion experiments on the isolated rabbit ear and toad vessels both showed vasodilatation; different doses of total alkaloids had 
different degrees of heart rate slowing effects on anesthetized dogs by sedation while prolonging the P–R interval and slightly slowing 
atrioventricular conduction [103]. 

Therefore, the comprehensive literature shows that the antihypertensive mechanism of P. quassioides is multi-fold, including the 
direct action, blocking of a receptor, inhibiting superoxide dismutase activity, increasing the expression of nitric oxide synthase and 
NO production, and inhibiting the sympathetic nerve center. 

2.5. Effects on the gastrointestinal tract 

It was found that Canthin-6-one and β-Carboline-1-propanoic acid from P. quassioides increased gastrointestinal blood flow rate in 
rabbits, whereas 4,5-Dimethoxycanthin-6-one, 5-Hydroxy-4-methoxycanthin-6-one, and Methyl β-carboline-1-carboxylate increased 
intestinal blood flow rate only [104]. In addition, the active components of P. quassioides have a protective effect on the gastric mucosa 
and are effective against gastric ulcers and mucosal damage. The alkaloids in P. quassioides can reduce the inflammatory reaction of 
gastric mucosa by inhibiting the production and release of inflammatory factors, so as to achieve the purpose of protecting gastric 
mucosa. The picrogens in P. quassioides have anti-inflammatory and antibacterial effects, which can reduce the damage and death of 
gastric mucosa cells, promote the repair and regeneration of gastric mucosa cells, and thus improve the symptoms of gastric mucosa 
damage and gastric ulcer [105]. Wei Mingqiang et al. [5] showed that P. quassioides injection was significantly more effective than 
traditional methods in the treatment of pediatric enteritis. Also, P. quassioides injection at acupuncture points is an effective method for 
the treatment of pediatric diarrhea, especially for autumn and winter diarrhea in children over 1 year of age [106,107]. 

2.6. Antiviral 

Clinical trials have shown that P. quassioides injection has the effect of clearing heat and detoxifying, dispelling dampness, and 
relieving pain, and is more effective than virazole injection in the treatment of blistering, pain relief, crusting, and healing time [108]. 
In addition, P. quassioides injection has been suggested to have a possible inhibitory effect on novel coronaviruses and is expected to be 
a new drug against novel coronaviruses [109]. 

2.7. Protective effect on poisoned animals 

A study by Du [110] et al. showed that P. quassioides alkaloids had no effect on normal rabbits, but could significantly reduce the 
serum alanine aminotransferase and mortality of rabbits with toxic hepatitis induced by severe subcutaneous injection of carbon 
tetrachloride. The experiments of Liang Wen [111] found that P. quassioides injection had significant protective effects on both mice 
and dogs injected with lethal doses of snake venom, reaching 75.6 % protection in mice and up to 100 % protection in dogs. 

2.8. Anti-malarial 

Saiin et al. [112] found that the n-hexane extract of P. quassioides has anti-malarial activity. Pavanand et al. [113], on the other 
hand, found that compounds 6-hydroxy-4-methoxy-1-vinyl-B-carboline and 4-methoxy-1-6-carboline extracted from the stem bark of 
Thai P. quassioides produced inhibitory activity against a variety of Plasmodium falciparum species. 

2.9. Antioxidant 

The roots, stems, branches, and leaves of P. quassioides have antioxidant effects, with the leaves being the most effective and can be 
used as an antioxidant stress agent in animal production [114].Yang et al. [115] found that P. quassioides had significant antioxidant 
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activity, demonstrating that 4-methoxy-5-hydroxy-6-one was the only compound with antioxidant activity, which provides a basis for 
further development of P. quassioides as an antioxidant. 4-methoxy-5-hydroxycanthin-6-one exhibited obvious 1,1-diphenyl-2-picryl-
hydrazyl free radical scavenging activity with an IC50 value of 84.037 μM. 

2.10. Anti-metabolic disorder effects 

Naturally occurring compounds dimeric alkaloid picrasidine N in P. quassioides have been reported to stimulate receptors such as 
PPARγ and PPARβ/δ, which play important roles in the regulation of energy metabolism, inflammation, and other physiological 
processes such as obesity, diabetes, and hyperlipidemia [116]. In addition, the dimeric β-carboline type alkaloid compound Picrosinine 
C from P. quassioides root is also a PPARα activator with potential applications for the treatment of metabolic diseases such as 
hyperlipidemia [117]. 

2.11. Protective effects on the nervous system 

The Canthin-6-one alkaloids (CO) in P. quassioides have potential anti-neuroinflammatory effects and may be protective against 
astrocyte-mediated pro-inflammatory responses and associated endothelial barrier disruption [118]. In addition, the ethyl acetate 
extract of P. quassioides stem improved memory and cognition in mice with amyloid β-peptide-induced AD and was neuroprotective in 
a neuronal cell model, and its anti-AD mechanism may involved inhibition of neuroinflammation and reduction of Aβ1-42 deposition 
[119]. 

3. Toxicity 

Many studies have demonstrated that total P. quassioides alkaloids have no significant effects on the growth and development of 
rats, nor do they cause significant adverse effects on the blood indicators and organs of rats [120].However, a study by Gong et al. [9] 
showed that the 5-hydroxy-4-methoxycanthin-6-one (CAN) component of P. quassioides has toxic effects on zebrafish embryos, which 
may lead to reduced survival, delayed hatching, and malformation of zebrafish embryos, as well as causing oxidative stress. And a 

Fig. 6. Metabolic pathway of 4,5-Dimethoxylcanthin-6-one in liver microsomes in vitro.  
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series of derivatives containing the CAN1 framework were designed, synthesized, and evaluated for anti-proliferative activity against 
two human cancer cell lines, HepG2 and HCT116, IC50 values of 5.05 μM (HepG2) and 6.65 μM (HCT116). 

4. Metabolic studies 

In recent years, there have been new developments in metabolic studies on P. quassioides. Miao et al. [121–123] studied the 
metabolites (M1-M8, as shown in Fig. 6) of 4,5-Dimethoxycanthin-6-one in liver microsomes of different animals (rats, mice, dogs and 
humans) and analyzed the tissue distribution and pharmacokinetic characteristics of the major metabolites in rats. In addition, the 
results showed that 4,5-dimethoxycanthin-6-one could uncompetitively inhibit CYP1A2 mediated phenacetin O-deethylation with an 
IC50 value of 1.7 μM and a Ki value of 2.6 μM. Shi et al. [124,125] studied the concentrations of 4,5-Dimethoxycanthin-6-one and 
5-Hydroxy-4-methoxycanthin-6-one in rat plasma after oral administration of P. quassioides by LC-MS and their pharmacokinetic 
characteristics, and found that 4,5-Dimethoxycanthin-6-one was eliminated faster in rats (as shown in Fig. 7). A total of 17 metabolites 
were identified, and a new CAN metabolic pathway was identified using LC-Q-TOF-MS and other techniques to screen and characterize 
CAN metabolites in rats. Zhao et al. [126] determined the content of 5-Methoxycanthin-6-one in rat plasma by LC-MS/MS and 
investigated its pharmacokinetic characteristics, which showed that 5-Methoxycanthin-6-one was rapidly absorbed and had a mod
erate elimination half-life in rats, but had low bioavailability (as shown in Table 1). Meixiang Cai et al. [127] analyzed the alkaloid 
chemical composition of P. quassioides and its conversion pattern in SD rats and found that the 4,5-carbon double bond and 6,7-lactam 
bond could be broken in vivo to form β-carboline type alkaloids. It was demonstrated that 5-hydroxy-4-methoxycanthin-6-one could be 
converted to 1-Methoxycarbonyl-β-carboline in rats. Fan et al. [128] used Cunninghamella blakesleeana CGMCC was applied as a 
microbial system to mimic mammalian metabolism of 4,5-Dimethoxylcanthin-6-one, and seven metabolites of compound 1 were 
successfully metabolized. The metabolic pathways of 1 were proposed, and the metabolic processes involved phase I and phase II 
reactions. In addition, P. quassioides promotes the metabolism of azithromycin in a rat pneumonia model, reduces tissue accumulation 
and avoids liver damage, and improves the efficiency of drug utilization [129]. Chen Fengzheng et al. [130] obtained the total alkaloid 
P. quassioides ketone from the ethanol extract of P. quassioides by acid solubilization and alkali precipitation, and found that P. 
quassioides ketone undergoes structural changes to the highly active 4,5-Dimethoxycanthin-6-one by the action of human-derived 
intestinal microorganisms and enzymes secreted by microorganisms. 

5. Summary and outlook 

In recent years, significant progress has been made in the study of the chemical composition, biological activity, and metabolism of 
the Chinese herbal medicine P. quassioides. The chemical composition of P. quassioides has been continuously discovered and new 
techniques have been used to isolate new major constituent substances such as alkaloids, quassinoids, triterpenoids and other sub
stances. Studies have shown that the active substances in P. quassioides have anti-cancer, anti-inflammatory and antihypertensive 
effects, in addition to antiviral, analgesic, and neuroprotective effects, which have potential applications in the treatment of a variety 
of diseases. And a precise understanding of the pharmacological effects of P. quassioides and a solid scientific basis for its application in 
clinical therapy. Studying the formation, transformation and elimination of its metabolites, we can profounder understand the dy
namics of P. quassioides drugs in vivo, providing strong support for optimizing drug design and improving therapeutic efficacy. 
Meanwhile, the study of P. quassioides alkaloid metabolites can deeper understand its mechanism of action and provide an important 
theoretical basis for the drug development of P. quassioides. In the future, we need to continue to study the chemical composition, 
pharmacological effects, and pharmacokinetics of P. quassioides in depth to develop new safe and effective drugs. 
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