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Aim: This study systematically reviewed the application of ICP-MS and its combined technology in the determination of mineral and heavy metal elements in medicinal materials derived from plants, animals, minerals and their preparations (Chinese patent medicine), and biological products. It provides a reference for improving the quality standard of traditional medicine and exploring the effective components, toxic components, and action mechanism of traditional medicine.
Materials and Methods: A total of 234 articles related to the determination of mineral and heavy metal elements in medicinal materials derived from plants, animals, and minerals and their preparations (Chinese patent medicine) were collected from PubMed, CNKI, Web of Science, VIP, and other databases. They were classified and sorted by the inductively coupled plasma-mass-spectrometry (ICP-MS) method.
Results: Of the 234 articles, 154 were about medicinal materials derived from plants, 15 about medicinal materials derived from animals, 9 about medicinal materials derived from minerals, 46 about Chinese patent medicine, 10 about combined technology application, and 3 about drugs being tested after entering the body. From the 154 articles on medicinal materials derived from plants, 76 elements, including Cu, Cd, Pb, As, Cr, Mn, and Hg, were determined, of which the determination of Cu was the most, with 129 articles. Medicinal materials derived from the roots, stems, leaves, flowers, and fruits and seeds of plants accounted for 25.97%, 18.18%, 7.14%, 7.79%, and 14.94%, respectively. Moreover, medicinal materials derived from the whole plants accounted for 14.94%, and other medicinal materials derived from plants and soil accounted for 11.04%. A total of 137 of the tested medicinal materials were from traditional Chinese medicine, accounting for 88.96%, 12 were from Arabic medicine (including Unani), accounting for 7.79%, 2 were from Tibetan medicine of China, and 1 was from Mongolian medicine of China, 1 was from Miao medicine of China, and 1 was from Zhuang medicine of China. In the 15 articles on medicinal materials derived from animals, 49 elements such as Cu, As, Cd, Hg, Se, Pb, and Mn were determined, of which Cu was the most. All the tested medicinal materials belong to traditional Chinese medicine. From the nine articles on medicinal materials derived from minerals, 70 elements such as Fe, Cu, Zn, Al, As, Se, and Na were determined, of which Fe, Cu, and Zn were the most. The tested medicinal materials all belong to traditional Chinese medicine. From the 46 articles on Chinese patent medicine, 62 elements such as Cu, As, Pb, Cd, Hg, Ni, and Cr were determined, of which Cu was the most. Regarding the tested Chinese patent medicine, 38 articles belong to traditional Chinese medicine, 6 to Tibetan medicine, and 2 to Mongolian medicine of China. Three articles determine the content of metal elements in biological samples such as animal hepatic venous blood, abdominal aortic blood, brain, liver, kidney, urine, and feces, and one article determines the content of metal elements in human lung and serum. From the 10 articles combined with liquid chromatography and gas chromatography, 16 elements such as MMA, DMA, AsIII, AsV, AsB, AsC, and AsI3 were determined, of which MMA and DMA were the most. It can realize elemental morphology and isotope analysis. The tested medicinal materials and Chinese patent medicine belong to traditional Chinese medicine.
Conclusion: ICP-MS was applied the most in traditional Chinese medicine, followed by Arabic medicine. ICP-MS was used to determine more medicinal materials derived from plants, and Cu was determined the most. The characteristic inorganic element spectrum of medicinal materials can also be established. ICP-MS and its combined technology are widely used in Chinese patent medicine, but the test of biological samples is the least. The information provided in this article can provide a reference for improving the quality standard of traditional medicines and exploring the active ingredients and toxic ingredients and their mechanism of action.
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INTRODUCTION
Traditional medicine in China includes traditional Chinese medicine, ethnic medicine (e.g., Tibetan, Mongolian, Uygur, Dai, Miao, and Zhuang medicines), and religious medicine (e.g., Buddhist and Taoist medicines). Traditional Chinese medicine is an important part of Traditional medicine in China. China is the world’s largest producer of medicinal materials. Arabic medicine is derived from Hippocratic–Galenic medicine in ancient western philosophy, formed in the Arab Empire between the 8th and 12th centuries. It is generally believed that Unani, which is popular in south Asian countries, belongs to Arabic medicine. Traditional drugs have three basic ingredients—medicinal materials derived from plants, animals, and minerals—among which medicinal materials derived from plants account for the highest proportion. Medicinal materials derived from plants have six organs (roots, stems, leaves, flowers, fruits, and seeds), which makes the medicinal parts of medicinal materials derived from plants diverse. Root and rhizome traditional drugs account for the largest proportion and are the most common in the whole medicinal materials derived from plants, so the inductively coupled plasma-mass-spectrometry (ICP-MS) method is also the most widely used in this kind of traditional drugs.
Heavy metal is not only a toxic component of common concern in today’s society but also an effective component of traditional drugs. Traditional medicinal materials derived from plants, animals, minerals, and their preparations (Chinese patent medicine) often contain several minerals and heavy metals. In addition, there are cases of heavy metals exceeding the standard in the drugs. The limitation of heavy metals and the improvement of quality control standards are major dilemmas affecting the internationalization process. People favor traditional drugs more because of their reliable curative effect, less toxic and side effects, relatively safe use, and other characteristics. However, in the process of planting, production, and processing of traditional drugs, due to their enrichment and absorption of heavy metals or the high content of metal elements in the cultivated soil, the application of chemical fertilizer and pesticide contamination and other situations may introduce metal elements, resulting in an abnormal increase in metal element residues, which also makes traditional drugs have varying degrees of heavy metal pollution (Chi et al., 2016). There are many kinds of inorganic trace elements in traditional drugs. The inorganic elements are closely related to their efficacy and therapeutic use. They are one of the effective components of traditional Chinese medicine. Studying the content and distribution of inorganic elements in traditional drugs to elucidate traditional pharmacology and toxicology and further develop medicinal resources is of great value.
ICP-MS mostly uses a quadrupole mass spectrometer, which can quickly and continuously measure the mass of different elements. Currently, it can be used to analyze more than 70 elements. The detection limit of ICP-MS for more than 70 elements in the solution is one trillion or less, and the linear dynamic range can reach nine orders of magnitude (Olesik, 2014). ICP-MS is an inorganic multi-element analysis technology with inductively coupled plasma as an ion source and mass spectrometry in the field of analytical chemistry in the early 1980s. In 1980, Robert et al. (1980) published the first article on the feasibility of ICP-MS, and the first commercial instrument came out 3 years later. So far, there are about 20 types of ICP-MS instruments commercialized worldwide. In the field of drug element analysis and safety monitoring, ICP-MS and its combined technology are also increasingly widely used, which seems to have become a common and mature analysis and detection means. There are many common methods for the determination of trace elements in traditional Chinese drugs, mainly including atomic fluorescence spectrophotometry (AFS) (Zhang et al., 2016a), atomic absorption spectrophotometry (AAS) (He et al., 2019), ultraviolet-visible spectrophotometry (UV-VIS) (Wei et al., 2019), and inductively coupled plasma atomic emission spectrometry (ICP-OES) (Ma et al., 2020). Most of these methods can determine single elements, but they can not determine some elements with low content. Metal determination can also be used for QC analysis and spectral and voltammetric configurations (Locatelli et al., 2014). Dora Melucci (Melucci et al., 2013) determined the contents of heavy metals and total mercury in Camellia sinensis by micro voltammetry. ICP-MS is a new element analysis technology, with the advantages of less interference, high precision, wide linear range, and fast analysis speed.
In view of the wide application of ICP-MS in traditional drugs and preparations (Chinese patent medicine), 234 relevant articles on the determination of minerals and heavy metals in plants, animals, mineral medicinal materials, and preparations by ICP-MS and its combined technology were collected and classified. The purpose is to provide a reference for improving the quality standard of traditional drugs and exploring the material basis and mechanism of efficacy/toxicity.
TYPES, SOURCES, TOXICOLOGY, AND PHARMACOLOGICAL EFFECTS OF MINERALS AND METAL ELEMENTS IN TRADITIONAL DRUGS
Types of Minerals and Heavy Metals
Mineral elements are one of the nutrients needed by the animal body. At present, more than 20 mineral elements such as Ca, P, K, and S have been found in the human body. Although the content in the human body is very low, they participate in and affect the physiological metabolism of the human body and are indispensable elements for maintaining human health.
Heavy metal elements refer to metals with a density greater than 4.5 g/cm3, including Au, Hg, Pb, and Cr. According to international standards, heavy metal elements mainly include Cu, Cd, Pb, Hg, and As. Heavy metals cannot be biodegraded, but they can aggregate thousands of times under the biomagnification of the food chain and finally enter the human body to interact strongly with proteins and enzymes, making them inactive. It may also accumulate in some organs and tissues of the human body, and various poisoning symptoms will appear. In addition, Cu is one of the essential trace elements of the human body, and it participates in important physiological processes of the human body. The lack of Cu will cause a decrease in brain cytochrome oxidase, which can lead to thinking disorder, slow response, and dyskinesia.
Sources and Pathways of Heavy Metals
In recent years, with the development of the mining industry, mining dust and ore washing water pollute farmland, resulting in the enrichment of heavy metals in agricultural products. The sources of heavy metals in traditional Chinese medicine and Tibetan medicine should be closely related to their planting conditions and growth environment, such as the application of soil, atmosphere, water, chemical fertilizer, and pesticide. The “three industrial wastes”, including waste gas, waste water and waste residue, directly or indirectly pollute traditional Chinese medicine and Tibetan medicine. Moreover, the genetic characteristics of plants, such as active absorption function and enrichment ability of heavy metals, are related to the production and content of heavy metals. Most bases for medicinal materials from plants are formed by the transformation of farmland, which will cause the slow accumulation of heavy metals due to long-term garbage accumulation (e.g., batteries and metal waste), pesticide application, proximity to mines, and many other factors. However, medicinal materials derived from the roots of plants are medicinal materials with roots or roots as the main part and some rhizomes. They are closely related to the growth environment and conditions, and different parts of medicinal materials have different abilities to absorb and enrich heavy metals. In addition, during the processing of traditional Chinese medicine and Tibetan medicine, the use of metal processing tools and the addition of medicinal accessories may lead to the introduction of heavy metal elements, especially the processing of precious drug preparations in Tibetan medicine preparations, which will introduce a large number of heavy metal elements. It can be seen that heavy metals are dangerous to be introduced in the growth, collection, transportation, processing, and preparation of medicinal materials. Some studies have shown that the contents of heavy metals and harmful elements in the same medicinal material from different producing areas can differ by nearly 10 times at most. Such residual impurities are highly toxic. After entering the body, they can form complexes or metal chelates with traditional Chinese medicine components in the body, such as protein and nucleic acid, which have very strong toxicity (Xu et al., 2017). Much evidence shows that all kinds of pesticides and heavy metals are carcinogenic. If they do not act directly, there is also evidence that these preparations can participate in carcinogenesis in a passive or allowable way to promote the formation of tumors induced by other preparations. Through chemical interactions with the environment and each other, metal pesticide mixtures may produce unpredictable toxicity, such as organochlorine pesticides that are fat-soluble and easy to accumulate in the fat body, resulting in nerve, liver, and kidney damage. Heavy metals cause protein denaturation in the body and impair the function of tissue cells (Wang et al., 2020a).
Toxicological and Pharmacological Effects of Heavy Metals
The strong binding of -SH and -S-S- bonds on human enzyme proteins with heavy metal elements is the main molecular mechanism of human poisoning (Zhao, 1991). When the minerals and heavy metals in the human body are within the acceptable limit of the human body, they will not cause harm to the human body. However, when they accumulate to a certain extent, they will inevitably cause irreparable harm to the human body. As a toxic heavy metal element, Cd is a non-essential trace element in the human body. It is mainly absorbed by plants in water-soluble and exchangeable states and then enriched into the human body through the food chain or directly into the human body through the respiratory system and digestive system, which accumulates in the body for a long time and damages organ functions. Specific manifestations are lung injury, kidney failure, gastrointestinal stimulation, cardiovascular and cerebrovascular diseases, muscle pain, bone pain, and bone atrophy, as well as carcinogenic, teratogenic, and mutagenic effects; long half-life in the body; and irreversible damage (Guan et al., 2021). Tl and its compounds have high toxicity and strong accumulation. They are strong neurotoxicants and can cause liver and kidney damage. They also have mutagenic, teratogenic, neurotoxic, and reproductive toxic effects. Long-term exposure to arsenic can lead to chronic poisoning, manifested as skin pigmentation, hyperkeratosis, or verrucous hyperplasia, as well as leukopenia or anemia. Ag poisoning seriously affects the human central nervous system and paralyzes the limbs. In severe cases, it can lead to heart failure and death as exposure can lead to different degrees of liver injury, fibrosis, liver cirrhosis, and even liver cancer (Huo et al., 2016). The half-life of mercury can reach 240 days in brain tissue and 70 days in other organs, so its toxic effect is toxic dose-response. The acute toxicity caused by mercury is mainly liver damage. In contrast, the chronic toxicity caused by long-term medication is more likely to cause damage to the kidney, liver, and brain. Al can cause neurofibrillary tangles and amyloid senile plaques in brain tissue, which is related to Alzheimer’s disease (AD). Long-term excessive aluminum intake can lead to an imbalance in the human body and a decline in cognitive ability, memory ability, and logical reasoning ability (Chen et al., 2011a). Pb can induce brain cell apoptosis and inhibit the activity of brain cell enzymes, thus interfering with the metabolism of neurotransmitters, protein kinase activity, and calcium metabolism. Pb exposure may lead to postural coordination disorders. Cu is a trace element required by the human body, which plays a role in promoting the generation and maturation of red blood cells, but excessive intake may cause poisoning, which will cause hypotension, jaundice, acute copper poisoning, hepatolenticular degeneration, intrahepatic cholestasis in children, and other diseases (Shen et al., 2017). Th is related to the occurrence and development of various malignant tumors, such as esophageal cancer, gastric cancer, nasopharyngeal carcinoma, and cervical cancer. U element and its compounds can damage DNA, induce ultrastructural changes in the cell membrane, and lead to tumors.
Heavy metals also have various pharmacological effects. For example, Tibetan medicine Zuotai is made from mercury, but it has antidepressant and anxiolytic effects (Zhao et al., 2016a; Zhao et al., 2016b). In addition, Cu is one of the heavy metal elements and the component of copper-containing protein in the human body. It can catalyze the synthesis of hemoglobin. However, if it exists in the form of Cu2+, it will become an excellent catalyst for redox reaction in vivo (Gao et al., 1993). Cu is absorbed from the small intestine and combined with plasma protein to form ceruloplasmin, which is mainly synthesized in the liver, then discharged with bile, and stored in the liver, bone, and muscle of the human body, with iron oxidase and antioxidant effects (Shao and Zhang, 2017). It can be seen that heavy metal elements are also toxic and medicinal. Many medicinal preparations containing heavy metals may be the material basis of efficacy, which are relative. For example, in the view of traditional Chinese medicine, drugs are toxic, they are partial, and there must be drugs if there is great toxicity. Therefore, excessive accumulation of heavy metals may be quite harmful to the body, but appropriate use or different valence forms, or the effect of this heavy metal is just needed by the disease so that it can become a good medicine.
Fe element has a hematopoietic function in the human body; participates in synthesizing hemoglobin, myoglobin, cytochrome, and various enzymes; promotes growth and development; and transports oxygen and nutrients in the blood (Guo et al., 2015). It is related to the pathogenesis of Alzheimer’s disease, Parkinson’s syndrome, and osteoporosis (Zheng et al., 2016). Hexavalent chromium is carcinogenic for humans. Indeed, extensive literature demonstrates the carcinogenic effects of chromium (VI) (Locatelli et al., 2014). Zn is a component of many enzymes in the human body and participates in synthesizing DNA and RNA polymerase. It is an important element in maintaining the integrity of skin and mucosa and promoting wound healing. At the same time, it can increase lymphocyte function and remove oxygen-free radicals in the body. It can prevent bacterial and virus invasion and anti-cancer. When the body lacks Zn, it will cause aging of tissue cells and a decline in immunity, and epithelial cells are vulnerable to carcinogens, resulting in carcinogenesis (Wang and Jin, 2018). However, Zn cannot be synthesized in the body and must be supplemented through dietary regulation. When the supply is insufficient or the proportion is unbalanced, it can directly affect the normal growth and development of children. Cr is involved in the metabolism of sugar and fat in the human body. It is also an essential element of normal cholesterol metabolism and will cause liver lipid metabolism disorder. Low chromium is a risk factor for obesity and disorder of glucose and lipid metabolism (Yang et al., 2015). As the main component of cinnabar, HgS can inhibit bacteria, reduce inflammatory reactions, and promote wound healing. It is mainly used to treat sores and swelling. Ca is a major element in animals. It can help blood clot and activate some enzymes in the body, maintain nerve conduction performance, and play an essential role in maintaining the physiological function of the liver. K can maintain water balance, osmotic balance, and acid-base balance in the human body; strengthen the excitability of muscles; maintain the rhythm of the heartbeat; and participate in the metabolism of protein, carbohydrates, and heat energy. Mg can activate various enzymes in the body, maintain the stability of the nucleic acid structure, inhibit nerve excitability, and participate in protein synthesis, muscle contraction, and body temperature regulation. As an essential trace element in the human body, Mn plays a regulatory role in human life activities by forming binding proteins, enzymes, hormones, and vitamins. Arsenic trioxide can treat leukemia by inducing apoptosis of leukemia cells; inhibit proliferation and induce apoptosis of lung cancer cells; induce apoptosis of gastric cancer cells, colon cancer cells, and cervical cancer cells; and significantly inhibit the growth and apoptosis induction of oral squamous cell carcinoma cells. It can also enhance the inhibitory effect of promyelocytic leukemia on cell proliferation, invasion, and migration and may be used as a new therapeutic target for breast cancer. It has potential therapeutic value for triple-negative breast cancer. As a metal auxiliary group, Mn is necessary for the activity of superoxide dismutase and an important member of the liver antioxidant system. Mn is also closely related to reproduction, which can promote cholesterol synthesis, promote human growth and development, and enhance reproductive function (Yu et al., 2015). Ni participates in the metabolism of the body and the composition of the cell membrane. It can activate histidine enzyme, arginase, acid phosphatase, and other important enzymes in the body, maintain the stability of biological macromolecular structure and normal metabolism of the whole body, and participate in the composition of various enzymes and proteins in the liver. The change of Ni content has a certain relationship with the occurrence and development of bronchial asthma. Se is one of the important components of glutathione peroxidase, a non-specific antioxidant of red blood cells. Its main function is to remove peroxides and free radicals from the human body and play a positive role in the treatment of cancer, cardiovascular diseases, diabetes, and other diseases. Se deficiency can easily lead to liver disease and liver injury (Zhao et al., 2017a).
Heavy metals are not only the toxic ingredients of today’s society but also the effective ingredients of traditional drugs. The key is to master the “dose, the length of drug use, and the pathological state of the human body” to balance toxicity and effectiveness. One of the major challenges facing traditional drugs containing minerals is differences in mineral processing/preparation that distinguish them from environmental metals. Additionally, many preparations are polyherbal-metallic preparations, which increases their complexity because minerals are not used alone. Symptoms of heavy metal poisoning are shown in Figure 1. Furthermore, toxicity and therapy go hand-in-hand with these preparations, and there exists a need to maintain a subtle balance of benefit and risk on an individual basis. Therefore, ICP-MS provides a powerful means of detection to achieve this goal.
[image: Figure 1]FIGURE 1 | Symptoms of heavy metal poisoning.
ANALYSIS AND APPLICATION OF ICP-MS IN MEDICINAL MATERIALS DERIVED FROM PLANTS
Excessive heavy metal elements in traditional medicine as the biggest restriction factor of its application (Fan et al., 2018; He et al., 2011), essential trace elements affecting the effect of traditional Chinese medicine, and heavy metals as generally toxic elements should be within the prescribed limit standards. Therefore, the analysis of trace elements and heavy metals in traditional medicines can provide more references for the efficacy, property, and safety of traditional Chinese medicine. ICP-MS has many advantages, such as less interference, wide linear range, high precision, low detection limit, and simultaneous determination of multiple elements. In addition, ICP-MS technology integrates with various different separation technologies to scientifically analyze the forms and valence states of trace elements and heavy metals (Pietilä et al., 2015; Schmidt et al., 2017). It can provide accurate isotopic information and determine the isotopic ratio, which is unavailable in other element analysis methods. The processing of traditional drugs is the characteristic of traditional medicine, and its main purpose is to increase efficiency and reduce toxicity. Traditional medicine inorganic elements can be used as indicators to help explain the changes in material basis before and after processing. Tracking the content changes of inorganic elements, especially the content changes of harmful elements, is helpful to further clarify the processing mechanism of traditional Chinese medicine and the influence of its nature, taste, and Meridian on clinical effect. Luo et al. (2015a) used the ICP-MS technology to compare and analyze the inorganic element content of raw Reynoutria multiflora (Thunb.) Moldenke and its processed products. It was found that after processing, compared with non-processed products, the content of most inorganic elements increased, whereas the content of some harmful metal elements decreased.
Medicinal materials from plants include roots and rhizomes, stems, leaves, flowers, fruits and seeds, whole plants, and other medicinal parts. With the development and progress of science and technology and the in-depth application and research of pharmaceutical analysts, the ICP-MS technology will continue to play a more important role in the field of traditional drugs with its own unique advantages. Liu et al. (2018a) determined the contents of eight heavy metals and harmful elements in 10 kinds of medicinal materials from different sources, including Dioscorea nipponica Makino, Sanguisorba officinalis L., Curcuma phaeocaulis Valeton, Conioselinum anthriscoides (H. Boissieu) Pimenov & Kljuykov, Ephedra equisetina Bunge, Euchresta japonica Hook.f. ex Regel, Clematis chinensis Osbeck, Inula helenium L., Allium macrostemon Bunge, and Aster tataricus L.f. The contents of heavy metals and harmful elements in medicinal materials are affected by many factors, such as origin, environment, and soil. It is necessary to strengthen supervision, control, and strict norms to ensure the quality and drug safety of traditional Chinese medicine and provide a reference basis for the formulation of safety standards of traditional Chinese medicine. Other applications of ICP-MS in medicinal materials derived from plants are shown in Tables 1–7. From the 154 articles on medicinal materials from plants, 76 elements including Cu, Cd, Pb, As, Cr, Mn, and Hg were determined, of which 129 were Cu, accounting for 83.77%. A heat map of heavy metal elements measured by ICP-MS of medicinal materials derived from plants in different medicinal parts is shown in Figure 2. From the 154 articles on the application of ICP-MS in medicinal materials from plants, root, stem, leaf, flower, fruit and seed, and whole grass medicinal materials derived from plants accounted for 25.97%, 18.18%, 7.14%, 7.79%, 14.94%, and 14.94%, respectively, and other medicinal materials derived from plants and soil accounted for 11.04%. Of the 154 articles of botanical medicine, 137 belong to traditional Chinese medicine, accounting for 88.96%; 12 belong to the medical system of Saudi Arabia, accounting for 7.79%; 2 belong to the medical system of Tibetan medicine; 1 belongs to the medical system of Mongolian medicine; 1 belongs to Miao medicine; and 1 belongs to Zhuang Medicine in China. At present, ICP-MS has been widely used to analyze the contents of trace and ultra-trace inorganic elements in traditional Chinese medicine. Using the advantages of simultaneous determination of multiple elements by ICP-MS, we can quickly implement the quality control of various inorganic elements in traditional Chinese medicine, further ensuring the safety of traditional Chinese medicine.
TABLE 1 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from the roots of plants.
[image: Table 1][image: Figure 2]FIGURE 2 | Heat map of heavy metal elements measured by ICP-MS of medicinal materials derived from plants in different medicinal parts.
Analysis and Application of ICP-MS in Medicinal Materials Derived From the Roots of Plants
Medicinal materials derived from the roots and rhizomes of plants account for the largest proportion and are the most common in the medicinal materials derived from plants, so ICP-MS is also the most widely used in this kind of traditional Chinese medicine. From the 40 articles on medicinal materials derived from the roots of plants, 64 elements such as Cu, As, Cd, Pb, Hg, Cr, and Mn were determined, of which 31 were the most, accounting for 77.50%. Of the 40 articles on medicinal materials derived from the roots of plants, 36 belong to traditional Chinese medicine, accounting for 90%. Three articles belong to Arabic medicine (including one article on Unani), accounting for 7.50%. One article belongs to Tibetan medicine, accounting for 3%. The application of ICP-MS in medicinal materials derived from the roots of plants is shown in Table 1.
Analysis and Application of ICP-MS in Medicinal Materials Derived From the Stem of Plants
Medicinal materials derived from the stem of plants refer to the above-ground stem or part of the medicinal materials derived from the stem of plants. Most of them are the stems of woody plants, and a few are the stems and vines of herbaceous plants. In 28 articles on medicinal materials derived from the stem of plants, 61 elements such as Cu, Cd, As, Pb, Cr, Mn, and Ni were determined. Among them, the determination of Cu is the most, with 27 articles accounting for 96.43%. Of the 28 articles on the determination of medicinal materials derived from the stem of plants, 27 belong to traditional Chinese medicine, accounting for 96%. One article belongs to Arabic medicine, accounting for 4%. The application of ICP-MS in medicinal materials derived from the stem of plants is shown in Table 2.
TABLE 2 | Application of ICP-MS in the determination of heavy metals in medicinal materials derived from the stem of plants.
[image: Table 2]Analysis and Application of ICP-MS in Medicinal Materials Derived From the Leaf of Plants
Medicinal materials derived from the leaf of plants are a kind of medicinal parts, mostly complete and grown dry leaves, less tender leaves, or leaves with some tender branches. In 11 articles on medicinal materials derived from the leaf of plants, 64 elements such as As, Cd, Pb, Mn, Cu, Hg, and Cr were determined. Among them, the determination of As and Cd elements was the most, with eight articles accounting for 72.73%. Of the 11 articles on the determination of medicinal materials derived from the leaf of plants, seven belong to traditional Chinese medicine, accounting for 64%. Four articles belong to Arabic medicine, accounting for 36%. The application of ICP-MS in medicinal materials derived from the leaf of plants is shown in Table 3.
TABLE 3 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from the leaf of plants.
[image: Table 3]Analysis and Application of ICP-MS in Medicinal Materials Derived From the Flowers of Plants
Medicinal materials derived from the flowers of plants generally refer to a complete flower, inflorescence, or a part of a flower. Among the 12 articles on medicinal materials derived from the flowers of plants, 38 elements such as Cu, As, Cd, Pb, Ni, Hg, and Cr were determined. Among them, elements Cu, As, Cd, and Pb were determined most, with 12 articles accounting for 100%. Of the 12 articles on the determination of lower medicinal materials from plants, 11 belong to traditional Chinese medicine, accounting for 92%. One article belongs to Tibetan medicine, accounting for 8%. The application of ICP-MS in medicinal materials derived from the flowers of plants is shown in Table 4.
TABLE 4 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from the flowers of plants.
[image: Table 4]Analysis and Application of ICP-MS in Medicinal Materials Derived From the Fruits and Seeds of Plants
Most of the medicinal materials derived from the fruits and seeds of plants are complete, mature fruits and seeds. Among the 23 articles of medicinal materials derived from the fruits and seeds of plants, 65 elements such as Cu, Pb, Cd, Fe, Zn, As, and Al were determined, of which 19 were the most, accounting for 82.61%. Among the 23 articles on the determination of medicinal materials derived from the fruits and seeds of plants, 22 belong to traditional Chinese medicine, accounting for 96%. One article belongs to Arabic medicine, accounting for 4%. The application of ICP-MS in medicinal materials derived from the fruits and seeds of plants is shown in Table 5.
TABLE 5 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from the fruits and seeds of plants.
[image: Table 5]Analysis and Application of ICP-MS in Medicinal Materials From the Whole Plants
Medicinal materials from the whole plants refer to the whole plant or its aboveground part of medicinal herbs. From the 23 articles on the determination of medicinal materials from the whole plants, 54 elements such as Cu, Cd, Pb, As, Ni, Zn, and Mn were determined, of which 19 were Cu, accounting for 82.61%. Among the 23 articles on the determination of medicinal materials from the whole plants, 18 belong to traditional Chinese medicine, accounting for 78%. Three articles belong to Arabic medicine accounting for 13%. One article belongs to Tibetan medicine, accounting for 4%. One article belongs to the medical system of Miao medicine in China, accounting for 4%. The application of ICP-MS in medicinal materials from the whole plants is shown in Table 6.
TABLE 6 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials from the whole plants.
[image: Table 6]Analysis and Application of ICP-MS in Other Medicinal Materials Derived From Plants and Soil
Other medicinal materials derived from plants included barks, resins, fruiting bodies, and medicinal materials parasitic on various parts of plants. From the 17 articles on other medicinal materials derived from plants and soil, 28 elements such as Cu, Cd, Pb, As, Hg, Zn, and Mn were determined, of which 15 were the most, accounting for 88.24%. Among the 17 articles on the determination of other medicinal materials derived from plants and soil, 16 belong to traditional Chinese medicine, accounting for 94%. One article belongs to Mongolian medicine in China, accounting for 6%. The application of ICP-MS in other medicinal materials derived from plants and soil is shown in Table 7.
TABLE 7 | Application of ICP-MS in the determination of heavy metal elements in other medicinal materials derived from plants and soil.
[image: Table 7]ANALYSIS AND APPLICATION OF ICP-MS IN MEDICINAL MATERIALS DERIVED FROM ANIMALS
Medicinal materials derived from animals refer to a kind of traditional Chinese medicine used for medicine, such as the whole or part of animals, the physiological or pathological products of animals, and the processed products of animals. It has a very long medicinal history. Medicinal materials derived from animals are rich in metal trace elements. Many researchers evaluate the quality of medicinal materials derived from animals by controlling metal trace elements (Wang et al., 2015b). Among the various metal elements contained in medicinal materials derived from animals, some elements are necessary for the human body and the material basis for human growth, body metabolism, and physiological function regulation. Some other elements are harmful elements, such as Pb, Cd, As, Hg, Cu, and other elements. If these elements exceed the standard, they will directly affect the health of patients and damage the function of some parts of the body. In addition, some elements are potentially radiotoxic elements, and long-term exposure will also cause damage to the human body (Chi et al., 2016).
At present, there are few reports on the safety of heavy metal residues in medicinal materials derived from animals. The determination methods of heavy metals and harmful elements mainly include atomic absorption spectrometry, atomic fluorescence spectrometry, and atomic emission spectrometry. Most of them can only be used for the determination of single elements. The ICP-MS method, which can simultaneously analyze and determine multi-element, has the advantages of high sensitivity, low detection limit, and wide linear range. Zuo et al. (2017) used ICP-MS to determine the residues of heavy metals and harmful elements in 18 common animal medicinal materials such as gecko, cicada molt, centipede, and leech. Among them, Pb, Cd, As, and Ag exceed the standard. The quality of medicinal materials derived from animals should be focused on, and the limit standard of heavy metals and harmful elements in medicinal materials derived from animals from the perspective of risk assessment should be improved. The rest are shown in Table 8. It provides a basis for further improving the quality of medicinal materials derived from animals and ensuring their drug safety and provides a basic reference for the study of the speciation and valence of heavy metals in medicinal materials derived from animals. From the 15 articles on medicinal materials derived from animals determined, 49 elements such as Cu, As, Cd, Hg, Se, Pb, and Mn were determined, of which eight were Cu, accounting for 53.33%. The elements determined by ICP-MS and their proportion in animal-derived medicinal materials are shown in Figure 3. From the 15 articles on the determination of medicinal materials derived from animals, all animal-derived medicinal materials belong to traditional Chinese medicine.
TABLE 8 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from animals.
[image: Table 8][image: Figure 3]FIGURE 3 | Pie chart of elements measured by ICP-MS and their proportions in medicinal materials derived from animals.
ANALYSIS AND APPLICATION OF ICP-MS IN MEDICINAL MATERIALS DERIVED FROM MINERALS
Medicinal materials derived from minerals are rich in resources, unique curative effects, and numerous varieties. However, due to a large number of mineral sources, different mineral sources, and great differences in quality, the research on the quality standard of mineral traditional Chinese medicine is of great significance in clinical application. Mineral traditional Chinese medicine can be divided into raw medicinal materials derived from minerals (such as cinnabar, calamine, and natural copper), processed products of mineral raw materials (such as mirabilite and light powder) or fossils of animal bones (such as petrel, keel, and pumice). At present, the quality evaluation of mineral traditional Chinese medicine includes experience identification, purity inspection, and content determination. Empirical identification of the characteristics of mineral medicinal materials can reflect the quality of medicinal materials to a certain extent. For example, ochre is brown-red in color, with an obvious cross-section level with “nailhead” and no miscellaneous stones are preferred (Hu, 2016). However, due to the high similarity of the external morphological characteristics of medicinal materials derived from minerals and more confused products, the practitioners of traditional Chinese medicine often lack the professional knowledge of mineralogy, so character identification needs long-term experience accumulation and inheritance. The application of modern instrumental analysis methods in the identification and quality evaluation of medicinal materials derived from minerals is gradually expanding. Among them, ICP-MS is becoming the key technology for mineral drug evaluation (Li et al., 2018a).
In recent years, the relationship between the types and contents of inorganic elements in traditional Chinese medicine and their efficacy has attracted extensive attention. The content determination of these elements, including main elements and trace elements, can provide not only important data for the quality evaluation of traditional Chinese medicine but also a reference for the clarification of its action mechanism. As an important member of the family of traditional Chinese medicine, medicinal materials derived from minerals deserve special attention for their safety and effectiveness. Hu (2016) used ICP-MS combined with microwave digestion. Comparing the contents of trace elements of Pb, Cu, Mn, Ni, Cr, Zn, As, Ti, and Cd in eight mineral traditional Chinese medicine pieces of the calcined keel, calcined oyster, gypsum, talc, Mircanite, ochre, amber, and valerian seed with their formula granules, the results show that there are some differences in the contents of trace elements between mineral traditional Chinese medicine and its formula granules. Zhou et al. (2015) used the ICP-MS method to determine the content of trace elements in six common mineral Chinese herbal materials, namely, raw keel, calcined keel, raw oyster, calcined oyster, raw gypsum, and talc, established the detection method of corresponding elements, and made comparative analysis on the content of trace elements in the raw calcined keel and raw calcined oyster. It provides a method for the determination of trace elements in different mineral Chinese medicinal materials from different producing areas. The rest is shown in Table 9. From the nine articles of medicinal materials derived from minerals determined, 70 elements such as Fe, Cu, Zn, Al, As, Se, and Na were determined, of which eight were Fe, Cu, and Zn, accounting for 88.89%. The elements determined by ICP-MS and their proportion in mineral raw materials are shown in Figure 4. In the nine articles on the determination of medicinal materials derived from minerals, the measured medicinal materials derived from minerals belong to traditional Chinese medicine.
TABLE 9 | Application of ICP-MS in the determination of heavy metal elements in medicinal materials derived from minerals.
[image: Table 9][image: Figure 4]FIGURE 4 | Pie chart of elements measured by ICP-MS and their proportions in medicinal materials derived from minerals.
APPLICATION OF ICP-MS IN CHINESE PATENT MEDICINE
Chinese patent medicine is based on the theory of Chinese medicine, which is made from Chinese herbal medicines according to the prescribed prescription, production technology, and quality standard. It is the cream of effective prescriptions created and summarized by China’s medical practitioners in past centuries. However, the method of detection and control of inorganic elements in China patent medicine is in the Chinese drug standard and even the Pharmacopoeia. The degree of attention is not high. Currently, many researchers have begun to focus on the problems of trace elements, heavy metals, and harmful elements in Chinese patent medicine (Fu, 2017).
Inorganic elements have a strong ability to form complexes and easily form coordination bonds with ligands containing N, O, and S in organisms to coordinate the material balance in the body (Zhao et al., 2019). The content and type of inorganic elements in traditional Chinese medicine can affect its nature, taste, and efficacy. For example, Zn, Ca, and Fe are the characteristic inorganic elements of hemostatic traditional Chinese medicine. K and Mg can affect the properties of drugs for promoting blood circulation and removing blood stasis. The difference between Fe and Mn content is the basis of the “cold and warm” property (Wu et al., 2014). It shows that the type and content of inorganic elements have a certain synergistic effect on the exertion of drug efficacy. In Chinese patent medicine, clarifying the types and characteristics of inorganic elements can provide a reference for the efficacy study of the preparations from the perspective of inorganic elements. As we all know, the quality and safety of raw materials directly affect the efficacy and drug safety of finished products. With the advancement of China’s industrialization, the pollution of soil and water by heavy metals and harmful elements is becoming more and more serious, resulting in the possible pollution of native traditional Chinese medicine in various links such as growth, collection and processing, warehousing and transportation, and even the production process of preparations (Yan et al., 2017). In recent years, due to the frequent exposure to heavy metal pollution in traditional Chinese medicine, South Korea, the United States, and other countries have raised the safety testing standards of traditional Chinese medicine and restricted the import of traditional Chinese medicine. At present, in China’s drug standards, only a few processed products of traditional Chinese Medicine (Zhong yao yin pian), such as Glycyrrhiza uralensis Fisch. ex DC., Astragalus mongholicus Bunge, and Lonicera japonica Thunb., have formulated inspection items for the content of heavy metals and harmful elements, whereas Chinese patent medicines have basically not formulated relevant inspection items. Therefore, we should pay attention to the problem of heavy metal pollution in Chinese patent medicines and formulate detection methods for safety indicators such as heavy metals and harmful elements. However, during preparations, it is not completely clear whether there is interaction and whether it is transformed in vivo due to the complex composition.
The research and development of traditional Chinese medicine injection have become one of the hot spots in the modernization of traditional Chinese medicine. Compared with ordinary preparations, it is a high-risk variety from the perspective of clinical application. Therefore, the research on the safety of traditional Chinese medicine injection has attracted much attention, especially the residue of heavy metals and harmful elements. The residues of heavy metals and harmful elements mainly come from environmental pollution, processing, storage, and migration of packaging containers such as ampoules. At present, the determination of elements in injections derived from traditional Chinese Medicine usually adopts the single element method, which has complicated procedures and a long analysis time. The ICP-MS method can simultaneously determine Pb, As, Cd, Hg, Cu, and other elements in injections derived from traditional Chinese Medicine and has become an important means of element analysis in recent years, as shown in Table 10. In terms of clinical medicine, injections derived from traditional Chinese medicine are high-risk varieties; Pb, Cd, As, Hg, and Cu, represented by heavy metals, are among the most important exogenous pollutants in injections derived from traditional Chinese medicine. Toxicity is mainly characterized by chronic poisoning, As, Cd element with clear carcinogenic, teratogenic, and mutagenic effects, and injections derived from traditional Chinese medicines without digestive tract directly into the bloodstream. Therefore, it is significant to carry out limited inspection of heavy metals and harmful elements in injections derived from traditional Chinese Medicine. Although the country has not made a clear limit on trace elements of Fe, Mn, Zn, Al, and others, their excessive amount may also cause adverse effects on the human body. For injections derived from traditional Chinese medicine, the complexity of the ingredients also determines the diversity of their efficacy, making it difficult to distinguish between effective ingredients and toxic ingredients. As an important component of the material basis of drug properties, trace elements are closely related to the drug properties, efficacy and adverse drug reactions. Therefore, accurate determination of trace elements is of great significance to the study of pharmacodynamics, the safety of drug intake, and the formulation of the limit standard of harmful elements.
TABLE 10 | Application of ICP-MS in the determination of heavy metal elements in Chinese patent medicine.
[image: Table 10]From the 46 articles on Chinese patent medicine, 62 elements such as Cu, As, Pb, Cd, Hg, Ni, and Cr were determined, of which 43 were Cu, accounting for 93.48%. Thirty-eight of the tested Chinese patent medicine belong to traditional Chinese medicine, accounting for 83%. The elements determined by ICP-MS and their proportion in Chinese patent medicine are shown in Figure 5. Six articles belong to Tibetan medicine, accounting for 13%. Two articles belong to the medical system of Mongolian medicine in China, accounting for 4%.
[image: Figure 5]FIGURE 5 | Pie chart of elements measured by ICP-MS and their proportions in Chinese patent medicine.
DEVELOPMENT STATUS OF ICP-MS COMBINED TECHNOLOGY
ICP-MS is undoubtedly a very practical means for the quantitative analysis of heavy metals. However, for traditional pharmaceutical preparations, a series of changes will occur when they are absorbed into the human body, such as the valence changes of heavy metals. At this time, it is necessary to accurately detect some valence changes, so the single ICP-MS method becomes weak and needs to be used in conjunction with other instruments to complete this work. At present, ICP-MS has been used in various analytical fields. For example, Heitland et al. (2017) used HPLC-ICP-MS to diagnose and monitor patients with severe hexavalent chromium and inorganic arsenic poisoning to provide valuable data for doctors and toxicologists. However, for the research of traditional drugs, continuous use technology is not widely used. The application of HPLC-ICP-MS in traditional drugs and their preparations are shown in Tables 11 and 12. Other combined analytical techniques are also widely used. However, they are rarely used in traditional medicine. In the searched articles, HPLC-ICP-MS is mostly used to determine different forms of As, including AsC, AsB, AsIII, DMA, MMA, and AsV, and the determination of other elements is less in the articles search. Therefore, more combined techniques are used to analyze traditional medicine. It will be more beneficial to accelerate the development of traditional medicine. From the 10 articles on the application of the combined technique, 16 elements such as MMA, DMA, AsⅢ, AsⅤ, AsB, AsC, and AsI3 were determined. Among them, MMA and DMA were determined most, with eight articles accounting for 80.00%. The content and proportion of elements in medicinal materials and Chinese patent medicines determined by ICP-MS are shown in Figure 6. Among the 10 articles on the application of combined technology, the tested medicinal materials and preparations belong to traditional Chinese medicine.
TABLE 11 | Application of HPLC-ICP-MS in medicinal materials.
[image: Table 11]TABLE 12 | Application of HPLC-ICP-MS in Chinese patent medicine.
[image: Table 12][image: Figure 6]FIGURE 6 | Determination of element content and proportion pie chattachment.art in medical materials and Chinese patient medicines by ICP-MS.
DISCUSSION
This study describes the application of ICP-MS analysis of minerals and heavy metals in traditional drugs, including medicinal materials derived from plants, animals, minerals, and their preparations and the research and development of combined technology. Among them, medicinal materials derived from plants are divided into roots, stems, leaves, flowers, fruits and seeds, whole plants, and other medicinal materials derived from plants of medicinal parts. The content of effective components of traditional medicinal materials derived from plants is affected by soil, climate, and other environmental factors, so the quality of medicinal materials from different producing areas is different, which is also an important reason for the formation of genuine medicinal materials. Zuo et al. (2021) used ICP-MS to determine the residues of heavy metals and harmful elements in Lycium barbarum L. The average contents of lead, cadmium, arsenic, mercury, and copper in L. barbarum L. from three origins were 0.30, 0.066, 0.05, 0.003, 6.71 mg·kg−1, respectively. Cluster analysis and PCA showed that 33 batches of samples were divided into three groups, and the samples from the same origins were clustered into the same group. The results of self-organizing map clustering were consistent with those of PCA. Regularities between the distribution of L. barbarum L. and origins could be found. The results of the safety evaluation showed that the single factor index of lead, cadmium, arsenic, mercury, and copper in all the samples was less than 0.7, and the comprehensive pollution index ranged from 0.11 to 0.51, which indicated that the pollution situation was safe. The results of the risk assessment indicated that the health risk of heavy metals and harmful elements in samples from different origins was acceptable. As the medium of direct contact with medicinal materials, the soil is directly related to the composition and content of inorganic elements in traditional Chinese medicine and is one of the important ecological factors affecting the quality of medicinal materials. Medicinal materials play an important role in the soil environment. On the one hand, the social progress and the impact of human activities has caused soil pollution, the decline of soil fertility, the degradation of land quality, the reduction of the quality of medicinal materials, and the exceeding of harmful substances. On the other hand, the planting areas of medicinal materials have been expanded and changed arbitrarily, and some have exceeded the traditional real estate areas, so their ecological suitability is worth studying. ICP-MS combined with the statistical analysis method enriches the authentic theory of medicinal materials, greatly improves the theoretical understanding of medicinal materials derived from plant cultivation, and also reveals the important influence of the control and regulation of inorganic elements on the quality of original medicinal materials.
The efficacy of traditional drugs is the result of the synergy of multiple functional components contained in them. At present, the quality control of traditional drugs in China mainly includes appearance and microscopic identification for eliminating the false and preserving true, inspection of impurities and heavy metals for judging quality, and determination of the content of effective components directly related to function and effect, unable to characterize the integrity and complexity of preparations pharmacology and efficacy, so that the product quality cannot be effectively controlled, which seriously affects the clinical application of traditional drugs and restricts the development of new drug research and development and industry of traditional drugs. Traditional Chinese medicine theory emphasizes the overall effect of traditional drugs and attaches importance to the synergistic effect of various chemical components. Therefore, only taking one to two effective components in traditional drugs as quantitative and qualitative indicators can never reflect the internal quality of traditional Chinese medicine as a whole. It is necessary to establish a method to comprehensively evaluate the quality of traditional Chinese medicine as a whole. There is a correlation between the content of effective components and the content of inorganic elements in traditional drugs. Therefore, the detection of inorganic elements in traditional drugs is feasible to control their quality. Therefore, the elements and their contents in medicinal materials can be determined by ICP-MS, the inorganic element spectrum can be established, and the finishing quality of medicinal materials and Chinese inorganic elements can be evaluated in combination with data system analysis to achieve quality control. Secondly, for the quality control of the preparations, we should not only determine the inorganic elements of preparations but also analyze the inorganic elements of raw materials and medicinal materials to avoid exceeding the standard of harmful heavy metal elements from the source and then control the risk that may be introduced into the preparations. At present, the safety of traditional drugs has become a “bottleneck,” restricting the production and development of traditional drugs and gaining international recognition. Excessive heavy metal elements have an important impact on the activity and safety of medicinal materials, which has attracted extensive attention (Ji et al., 2014). ICP-MS is widely used in traditional medicine with its unique advantages and has achieved remarkable results, which has promoted the development of traditional medicine. Starting from the detection of soil and water quality, it ensures the safety of medicinal materials. The safety of clinical medication is ensured starting from the detection of medicinal materials and preparations. In addition, the pharmacodynamic material basis of some preparations may be related to trace heavy metals, so it can be comprehensively analyzed from the preparations, blood components, and tissue distribution components so that the application of ICP-MS can indirectly reveal the pharmacodynamic material basis. The limit standard of heavy metal elements measured by ICP-MS can fill the data gap of many traditional Chinese medicines and Tibetan medicine standards in the future and lay a foundation for the validation experiment of heavy metal monomers.ICP-MS can also be used to determine inorganic elements in biological samples (whole blood, serum, urine, lung, liver, and other tissues) to provide effective information for the exploration of drug action mechanisms and clinics. Liang et al. (2014) tested the changes of iron content in rat liver by ICP-MS, verified that d-limonene had a certain protective effect on iron coincidence caused by alcohol, and provided a reference for the study of alcoholic liver injury. Morton et al. (2017) used ICP-MS for multi-element analysis of human lung samples to determine the concentration of various elements in the collected lung samples and then used them for comparison with future clinical, environmental, nutritional, toxicological, and forensic investigations. Zhao et al. (2018) determined the spectrum of metal elements in patients’ serum by ICP-MS and found the very important metal elements in a specific infection in blood flow infection, which provided a basis for the diagnosis, prevention, and treatment of BSI from the perspective of metallography. The content, migration, and transformation of trace elements in organisms play an important role in physiological activities. The analysis of trace elements in cells is of great significance, which can understand the functional mechanism of trace elements in cells and organisms. Renqing Changjue is a traditional Tibetan medicine, which has been widely used to treat various gastroenteritis diseases. However, due to the toxic components in Renqing Changjue, its biosafety and toxicity still need to be explored, including various heavy metals. Therefore, Wang et al. (2020b) gavaged rats with different doses of Renqing Changjue, and the recovery observation period lasted for 15 days. The liver and kidney tissues were examined by histopathology, and the serum and urine samples were collected for 1H nuclear magnetic resonance (1H NMR) spectral analysis and biochemical analysis. ICP-MS was used to determine the content of Hg in urine and serum samples to evaluate the toxicity and elaborate on the toxicological mechanism of Renqing Changjue in order to provide a basis for safety evaluation of Renqing Changjue in clinical use. Song et al. (2021) used ICP-MS to determine the contents of 18 elements such as Mn, Cu, Sr, Pb, Au, and Hg in hepatic venous blood, abdominal aortic blood, brain, liver, kidney, hair, urine, and feces of rats 24 h after MCAO. The contents of Li in the brain increased, and the contents of Cr and Cd decreased. The content of Mn in the liver increased, and the content of Ni decreased. The contents of Ag and Cs in the kidney increased.
In recent years, the scientific community has paid increasing attention to metals belonging to the platinum group (PGM), including Ru, Rh, Pd, Os, Ir, and Pt. The effects of platinum group element complexes and some platinum divalent compounds on cancer and genotoxicity have been confirmed in microbial experiments (Melucci et al., 2022). Melucci et al. (2021) determined thallium in herbal medicines. Precision and trueness, expressed as relative standard deviation and relative error, respectively, were generally lower than 7% in all cases. Inorganic elements affect not only the growth and development of medicinal plants but also the constituent factors of effective components in medicinal materials (Wang et al., 2014). Traditional drugs contain rich kinds of inorganic elements, complex matrices, and large content differences. ICP-MS has the advantages of a wide linear range, high sensitivity, and high analysis efficiency. Therefore, this technology can well solve the analysis problems of inorganic elements in traditional Chinese medicine. Luo et al. (2015a) determined and analyzed the differences of inorganic elements before and after processing R. multiflora (Thunb.) Moldenke by ICP-MS. After processing, the contents of Al, Fe, K, Mg, Mn, and Zn increased, whereas the contents of As, Pb, and Cd decreased significantly. It is suggested that the physiological functions of Al, Fe, K, Mg, Mn, and Zn elements are consistent with the effects of R. multiflora (Thunb.) Moldenke, which are beneficial to the liver and kidney, benefiting essence and blood enhancing immunity and anti-aging. The content of these elements increased significantly after processing, which may be related to the enhancement of the tonic effect of R. multiflora (Thunb.) Moldenke. The heavy metals As, Pb, and Cd are harmful to the human body and decrease significantly after processing, which may be one of the reasons for the detoxification of R. multiflora (Thunb.) Moldenke processed. With the continuous popularization and application of the inorganic element spectrum and statistical analysis and evaluation model, the research on the overall quality control of traditional Chinese medicine will be perfect. At the same time, with the development of high-performance liquid chromatography, ion chromatography, and ICP-MS, the analysis methods for different valence states of inorganic elements will become more and more mature. In addition, ICP-OES is also a means of determining metal elements. ICP-OES detects the intensity of the atomic characteristic emission spectrum. In the atomic emission spectrum, each element has multiple characteristic spectral lines. The spectrometer can automatically correct the function to reduce the background signal and screen out two to three analysis wavelengths with low detection limit, high sensitivity, and small interference for qualitative and quantitative analysis. Although the detection limit of ICP-OES is lower than that of ICP-MS, it has met the detection needs of various drugs, and its technology is mature, stable, economical, and convenient. It can be used as a detection method complementary to ICP-MS. Shen et al. (2019) determined 29 kinds of inorganic elements in samples of Paris daliensis H. Li et V. G. Souku and P. dulongensis H. Li et S. Kuritap produced in different regions to measure the content of 10 key inorganic elements: Cr, Mn, Fe, Cu, Hg, Zn, As, Sr, Cd, and Pb. Under the experimental conditions, elements were not related to each other, and many kinds of elements could be measured at the same time; toxic and heavy metals in samples of P. daliensis H. Li et V. G. Souk, and P. dulongensis H. Li et S. Kuritap did not exceed the limit. Hg was not detected in all samples. Zhong et al. (2019) determined the content of 20 inorganic elements in 18 samples of roots, stems, and leaves of A. lappa L. produced in different areas. Twenty kinds of inorganic elements in the samples of A. lappa L. roots contained rich elements essential for human beings such as K, Ca, Na, P, and trace elements Cu, Fe, Zn. Heavy metal Pb, As, Cu, and Cd in A. lappa L. samples did not exceed the limit. Hg was not detected in all 12 samples. Heavy metals in A. lappa L. roots harvested in 12 months did not exceed the limit. Fang et al. (2007) used HPLC-ICP-MS to analyze the forms of As in nine kinds of traditional Chinese medicine preparations, such as Niuhuang Jiedu tablets, Bushen tablets, Shiertaibao pills, Baoyingdan, Mingyan pills, Zhengxin pills, and Biminqing. An anion exchange column was used to determine the content of 0.5%. The aqueous solutions of 2 mmol/L EDTA and 2 mmol/L NaH2PO4 were used as mobile phases. Four forms of As Ⅲ, As V, MMA, and DMA were successfully separated and determined. The results showed that the form of As in the sample was mainly toxic inorganic arsenic and the amount of organic arsenic was low. Li et al., 2012 analyzed six different valence arsenic by HPLC-ICP-MS and studied the forms of soluble arsenic in Realgar and five different preparations of Realgar-containing preparations. The results showed that the acid-soluble arsenic of Realgar and its preparations was far less than its total arsenic content, and the existence of other components in the preparations may inhibit the dissolution of toxic forms of soluble arsenic. The determination of multivalent elements not only enriches the application scope of ICP-MS but also makes the research on the complex system of traditional drugs more in depth to lay a more solid foundation for the relationship between components and efficacy and clinical application research. At present, although the overall research on inorganic components in traditional drugs has attracted attention, the research on the process of elements entering the human body and the interaction between elements in the body is still relatively lacking. Nowadays, the analysis of inorganic elements in traditional Chinese medicine is mostly supplemented by other factors and indicators, and it is difficult to clarify the role of elements themselves. The mode of Metallomics refers to the research ideas of metabolomics, which is conducive to a more in-depth study of the role of inorganic elements and finding the specific targets and sites of some elements in the body. ICP-MS and its combined technology have many reports on the study of the relationship between trace elements and efficacy, the relationship between element morphology and toxicology, the determination of element content, and inorganic fingerprint of traditional drugs. However, in addition to the determination of element content, the research in other aspects is not deep enough.
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Anti-tumor, antihypertensive,
antiarthythmic, anti-aging, and
antiviral

"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

Sichuan province of China

Sichuan, Hubei, and
Shanxi provinces of China

Anhui, Hunan, Yunnan,
Guangxi, and Hunan
provinces or autonomous
regions of China

Liaoning, Shanxi, Shaanxi,
Anhui, and Inner Mongolia
provinces or autonomous
regions of China

Shanxi, Henan, Hubei,
Hunan, Shanxi, Jiangxi,
Shandong, Anhu,
Zhejiang, and Liaoning
provinces of China

good, and the detection limit is
0.007 pgL™" (Yan et al., 2020)
The contents of Cd, As, Gu, and Pb
in C. anthriscoides *Chuanxiong”
soil were determined. The linearity
of each element in the
corresponding range is good r >
0.999), the precision is good (RSD
< 4%, n = 6), and the recovery is
92.7%-107.9% (Chen et al.,
2014b)

The contents of Mn, Fe, Ni, Cu, Zn,
Rb, Sr, Cd, Ba, and Pb in M.
officinalis Rehder &E. H. Wilson
from different producing areas in
Sichuan, Hubei, and Shanxi
provinces of China were
determined. The standard curve of
each element has a good linear
relationship ( = 0.9998-1.0000)
The recovery of standard addition is
90.57%-114.56%. There were
significant differences in the content
of metal elements in M. officinalis
Rehder & E. H. Wison samples
from different producing areas, and
the content of heavy metals in some
medicinal materials exceeded the
standard (Fang et al., 2018)

The contents of Go, Ni, Cu, Zn, As,
Cd, Hg, and Pb in P. amurense
Rupr. were determined. The relative
standard deviation of each element
was 3.2%-17.8%, and the recovery
was 70%-120% (Kou et al., 2007)
The contents of Be, Na, Mg, Al, K,
Ga, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Mo, Ag, Cd, Sb, Ba, Hg, T,
Pb, and U in P. umbellatus Pers.
from different places in Liaoning,
Shanxi, Shaanxi, Anhui, and Inner
Mongolia provinces of China were
determined. Cu<20.0ug:g ™", As <
20pgg™!, Cd<03pgg, Hy <
02pgg™!, Pb<50ugg™" (Lao
etal., 2016)

The contents of Be, Na, Mg, Al, K,
Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Mo, Ag, Cd, Sb, Ba, Hg, T,
Pb, and U in P. cocos (Schw.) Wolf.
from different places in Liaoning,
Shanxi, Shaanxi, Anhui, and Inner
Mongolia provinces of China were
determined. Cu<20.0ug.g™", As <
20ugg™!, Cd<03pgg™', Ho <
0.2pgg™", Pb <50 ugg™" (Lao
etal, 2016)

The contents of Pb, Cd, Hg, Cu,
and Asin R. tanguticum (Maxim. ex
Rege) Balf. soilin the Songpan area
were determined. The standard
curve of five elements had a good
linear relationship, and the
correlation coefficients were
between 0.9996 and 0.9999 (Wang
etal, 20142)

The contents of Mg, A, K, Ca, Ba,
Mn, Zn, Gu, Cd, and Pb in wild S.
mitiorrhiza Bunge soils from 27
different producing areas in
Shaanxi, Hunan, and Henan were
determined. Al > K > Ca > Mg > Ba
>Mn>Zn>Cu>Pb>Cd (Yuetal,
20170)

The contents of 18 trace elements
of Na, Mg, Al, K, Ca, Cr, Mn, Fe, Ni,
Cu, Zn, Ge, As, Se, Mo, Cd, Hg,
and Pbin V. articulatum Burmf. on
tea tree were determined. The
detection limit is

0.03363-26.59 pglL, the relative
standard deviation (RSD, n = 6) is
1.54%-7.57%, and the recovery is
90.17%-109.7%. The contents of
K, Ca, Mg, and Al in V. articulatum
Burm.f. are high (Wu et al., 2011)
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Labor pain

‘Cougn, chronic tracheis,
infectious hepatits

Inflammation, vial cold, tumor

Acte and chvoric hepailts

G0, heacache, abdorinal pain

Col, heatstroke, tonsilts,
‘cough, diarthea, dysentery.
poisonous snakebe

Oculopathy

Cou, feve, entert, food
posoning, burns, pesticide
poisoning

Dysmenorhea, impotence, cough

Dampness and turbidty, darrhea,
turbid nose, headache

Various types of inflarration

Malaria, cancer, appendicits

‘Snakebie, infantle chancre,
dysentery, toothache

ANTEIREN NI, S eeeeey S
bacteriostatic

Anigesic, hypoglyoemic,
antoxdant, ant-tumor,
antacterl, and antial

Antiinfmmatory, antiral, anti-
tumor, ant-aging, and
ypogicemic

Bacterostass, antrinfammatory,
anttumor, and antiveus

Antivacteral, antevalara, antivea,
and antitumor

Antivial agents, microorganism,
‘sedation, antoddation

Antiinflmmatory, antbacterl,
antchalinergc, and antierty

Antivacteral

Antivacteral, antioxdant, anti-
inflammatory, ant-tumor,

Anagesia

Antiinfammatory, anaigesic,
antbacterl, and antiial
microorganisms

Antiinfmmatory, ant-tumor,
antoxidant, and anti-chermical
mutagenesis

Antiurmor, antiinflamematory,
antimaleria, antovidant and
antbacteral

Anagesic, bacterostatic, and ant-
nfiammatory

"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."
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‘Saudi Araba

Teng County, Guangxi Znuang autonomous
region of Crina

Guizhou, Hebsi, Fujan, Guangdong, Jangsu,
Hubei, Schuan, Zhefang, and Guangsi
provinces or autonomous regons of China

Hebe, Jangsu, Anhui, Guang, Fujan, Hunan,
‘and Jang provinoes or autonomous regions.
of China

Jang province of China

Guangxi, Hunan, and Jiangxi provinces or
‘autonomous regions of China

Qinghai province of China

Guizhou, Hunan, Sichuan, Chongaing, Fujien,
‘Yuman, Guange, and Jiangd provinces,
‘municipalies, o autonomous regions of China

Heinan and Guangdong provinces of China

Anhi, Yunnan, and Hainan provinces of China

Anhi, Yunnan and Hainan Provinces of China

Guangxi Zhuang autonomous region of China,

TR TR TN S0 A SRNE SR s SO
etermined. e level s the highest and Se ove is the lowest
among alplants. The TE serie levelsof al elementsin al pents
areas folows: Fe 198.4-1757.9 /g, Mn 23.6-1437 /9,20
16.4-32.7 bg/g, Se 0.13-0.92 /g, and Cu 1.3-21.8 ug/g
®rima, 2018)

The contents of AL Pb, Ca, and As i £ hyemale L. were
Getermined. The recovery of al measured clements was
86.19-90,6%. The content of Alement isthe highest,andithe
concentation range of Al 156-1609 mgkg. The content o
Ca s thelowest, and the concentration of Cd sin the range o
0.01-0.10 mgkg. The washing process 16cucss 10k
lements in al plants. The average % recoveres were Al
7.32%), As (59.1%), Cd (62.085%), and Pb (32.40%) Bime,
2017

“The oxder of 19 inorganic dlementsin G. pentaphylum (Thunb)
Makino s Ga> Mg>P > Al> Fe > Ti> 5r>Ba>Mn>B > Zn>
Gu>Ni>Pb >Cr >V >Li>CD > Co Chenet a, 2011a)
1) The contents of 27 inorganic dements mg, K, Ca, Fe, i Be.
8,TL.V,Mn, Co, Ni 21, Ga, &, S0, b, Ba, 1. B1, AL Cr, Ou, As,
G0, Hg, nd P n H. corcata Tunb. were dtermined. The
fncar reationstip of 27 dements s good, and the corelation
coeficent A 2 0.9985. RSD of precision and repeatabiity
‘xperiment < 6.0%. The recovery was 95.12%-109.48%, RSD
56.0%. Thecontents of Mg, K, Ga, and Fein A, cordata Thunb,
were higher (Chen ot al, 20195)

2) Thecontents ofn, Zn,Cu, Co, i Sn, Sb,Ba, Cr. N, As,Po,
Hg, and Cd in H. cordata Thunb. were detemined. The inear
relationstip ofeach dlementis good i the range of0,15-695 o
L. The coneation cosficentof the regression equaton of ach
lementis>0.9997, the detecton it 0.002-6.120 g1 the
recovery i 97.6%, 100.8%, and the relatve standard deviaion
553.16%, The contentsof Cu,As, Pb, Hg,and Cdlin . cordta
Thuro. were lower than the natonal standard it (L et .
20180)

he contents of 21 kinds of norganic dlements in Raci
Fenmanniae were determined. The fnear ranges of mass
concentrations of Fe, Mg, Ca, AL, K. Na, Zn, Co, N Ba, Mn, P,
S8, i, ¢, u, A5, Gd Cr, P, and Hg were, respectively,
50-250 ygml (= 0.9972), 25-100 pgml
25-100 pgiml (= 09977, 25-15 g - =
25-150 pgiml ( = 0.9991), 25-15 pgmi (-
2510 gml ¢ = 09899, 2.5-10 pgimi (= 0.9999),
25-10 gl ¢ = 09899, 2:5-10 pgimi (= 0.9999),
2:5-10 pg/ml ¢ = 0.9998), 2:5-10 ygml { = 0.9996),

0.5-2 pgimi =0.9995), 2.5-10 g/l = 0.9999), 05-2 g
i (= 0.9983), 2:5-10 pg/mi r = 0.9997), 2:5-10 gy (-
09999, 2:5-10 uy/iml (=09899), 2.5-10 gl = 0.9999)
0.06-0.2 g/ = 0.9992], and 0.05-0.2 g/l ¢ = 0.9997).
ISD of theprecision,sabity and repeatabilty est s lss than
5.0%. The recovery was 3.9%-106.9% (RSD vas
0.22%-294%, n = 6) Ma ot 8., 2017)

1) The contents of mineraldements in the sters and leaves o
M. chinensis and the contents o 25 dements of K, Ca, P, Mg,
A, Mn, Ba, Fe, Zn, N, Sr, B, Cu, Ti, Pb, G, Ga, V. N Cd. S,
Go, b, L nd Bein M. chinensis Maxi. were determined. The
‘contents of major ements such as K, Ca, P, and Mg andtrace
lemants such ashn, Fe, 21, and S are higher, andithe content
nleaves is generaly igher than that n stems (Y t a, 2012
2)The contents of K. Na, P, A, Mn. Fe, Ga, , Cu, B2, .. T,
1, Ga, V. Ni Sn. Y, Co, L, b, Be, T, Po, G, La, Ce, Pr N,
‘S, Eu, G, To, Dy, Ho, , T, Y, and Luin the stems and
leaves of M. chionsis Maxim. fom four ifrent habitats
Jangxi, Ghina, were determined. K. Na, Ca, Mg, Fe, Zn, M,
and ofher dlements are abundant (Xu et al. 2014)

The contents ofV,Cr. M, Fe, Co, N, Cu. 20, As, . G0, $1, 50,
8a, Hg, and Pb in M. pubescans Dryand fom difeent
producing areas in Guangs, Hunan, and Jangxi province were
Getermined. The Inear coeficient 7 > 0.9992, the RSD of the
repeatabilty test < 2.5%, the RSD of the precision test is
0.91%-3.7%, and the recovery is 85.6%-108.4% (Chu et i,
220

The contents of G M, Fe, N, Cu Zn, As,Cd, Ag, and Po n .
coerulescens Maxim, were determined. The contents of e, Zn,
and Cu in N. coeniescens Maxim. are higher: Fe

763.50 mghkg, Zn 204.10 makg. and Cu 97.71 mgkg,
respectiely, whereas the contents of As, Pb, and Ca re lower,
between 0.09 mgkg and 2.53 mokg (Ye et al, 2019)

The contents of Cu, A, €3, Hg. and Pin 14 batches of O.
chinensis (L) J.Sm. fom difeent producig areas such as
Yunnan, Guizhou, and Sichwen ere determned. Cu
2.66-12.89 mgkg (RSDS3.1%), AS 0.29-156 mg/kg
{RSD59.2%), Cd 0.01-2.55 mgkg (RSD13.19), Hg
001024 mghg (RSD131.1%), P 1.09-22.56 mgjkg
{RSD129.4%) (Mg et a, 2020)

e contents of Po, Co. As, Hg. and Cu n P, walchi (Ma)
Hand.-Mezz. were detemnined. The corrlation cosficient o the
Standard curve of fve dlements is > 0.9994, the recovery is
94.6%-107.4%, and RSD < 5% (Chen and Zhang, 2020)
“The contents oftrace dements in P cabin (Banco) Berth. rom
iferent prodcing areas suh as Hainan province, Znanjang,
and Guangdong province wers deterine. P cabln (Banco)
Benih. contans B, Na, Mg, AL, K, Ca, TV, Cr, Mn, Fe, Co, N,
20, Se, S, Mo, Sn, Cs, Ba, T, Ga, and Ge Zhang et a, 2011)
“The contentsof 14 race elements Mn, Cr, S 20, b, B, Ni,Gu.
V. $1. As, Mo, Se, and Coin S, ifusum (Wikd) . J. Wang and
s casiy mied product O. corymbosa L. were determined. The
fncar relationship of 14 elements s good  the range of
0-500 gL, the coneition coeficient r = 0.9998, he detection
it 0.0019-0,1644 g/L,and the recovery 97.56%~120.0%.
. cifusum Wik R, J. Wang contains more Sn dements, and
the waterine contains more of the ofher 13 elements. The
contents ofMn, G, S, Zn, nd cther elements i the two kinds
of medicinal materias are rohely High (Wang and Jn, 2018)
e contents of Pb, C3, As, Hg, and Gu in V. mukdenanse
Kiag. were determined. The content range of cach eement s
P 0.2001-0.6896 mgikg, Cd 0.0717-0.1957 mafkg, As
0.0250-0.0750 M7k, Hg 42794-7.7946 sykg, and Cu
0.9943-1.5444 mg/kg Chen et al, 20183)
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CaS042H.0

A2(SI0g)5-4H,0

Naz80410H0

CuS04-5H:0

NazSO4

As:S2

Headache,
toothache

Spermatorrhea,
bleeding

Constipation,
bellyache,
hemorthoids

Constipation,
bellyache,
hemorrhoids

Constipation

Snakebite

Constipation,
scabies, impotence

Antiviral

Antidiarrheal

Anti-inflammatory

Sterilization

Diarrhea, anti-
inflammation, and
bacteriostasis

Antiviral and anti-tumor

Sterilization

"Note: the origin of medicinal materials recorded in the table is collected from the articles.

If the origin of medicinal materials is not recorded in the articles, it is indicated by

Gansu, Anhui, Henan, Shanxi,
Jiangsu, Shandong, Shari,
and Hubei provinces of China

Shanxi, Sichuan, Hunan,
Shanxi, Shandong, Qinghai,
and Anhui provinces of China

Shanxi, Sichuan, Hunan,
Gansu, Shanxi, Hebei,
Qinghai, and Anhui provinces
of China

Shaani, Hebel, Shan,
Shandong, Henan, Yunnan,
Jiangsu, Fujan, Sichuan,
Gansu, and Anhui provinces
of China

mercury salt (Calculated by Hg)
< 1%. Method detection limit
(LOQ): mercury sulfide was
6mg-g™" and soluble mercury
salt (calcuiated by Hg) was
0.06 ug:g™' (Lan, 2014)

The contents of Ca, Mg, Zn,
Na, Al, and Se in raw Gypsum
and calcined Gypsum were
determined. After processing,
the contents of Ga, Mg, Zn, and
Na increased, whereas the
contents of Al and Se
decreased (Bao et al., 2012)
The contents of 27 heavy
metals and trace elements of L
Be, Na, Mg, Al, K, Ca, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, As, Se,
Rb, Sr, Ag, Cd, Cs, Ba, Pb, T,
U, and V in Kaolinite from
different producing areas in
Gansu, Anhui, Henan, Shaanxi,
Jiangsu, Shandong, Shanxi,
and Hubei provinces of China
were determined. Al is the
element with the highest
content. Li, Na, Mg, K, Ca, V,
Mn, Fe, Co, Ni, Zn, Ga, Se, Rb,
Sr, Ba, and U are the main
components of trace elements
and can be used as
characteristic elements (Zhu
etal, 2019)

24 elements of Li, Be, Na, Mg,
Al K, Ca, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, As, Se, Rb, Sr, Cd,
Cs, Ba, T, and Pb in Mirablite
were determined. The contents
of Na, Mg, K, Ca, Fe, and other
elements are high. In addition,
heavy metals and harmiul
elements Pb, Cd, Cu, and As
were also detected (Li et al.,
2013)

Determination of the element
composition of Natrii Sulfas
decoction, Na, Mg, Al K, Ca, V,
Cr, Mn, Fe, Fe, Co, Ni, Cu, Zn,
As, Se, Ag, Cd, Sb, Ba, Tl, Pb,
and U. The main elements are
Cu, Zn, Fe, Cd, Mn, Al, Na, and
Ca (Wang et al., 20172)
Determination of 20 elements
ofLi, Na, Mg, Al, K, Ga, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Se, Rb,
Cd, Sr, Ba, and Pb in
preparations of Glauber's salt
and liquorice. The contents of
Na, Mg, K, Ca, Fe, Zn, and Sr
are high, and heavy metals and
harmiul elements Po, Cd, Cu,
and As are also detected (Li
etal, 2014)

The contents of Na, Mg, K, Ca,
Fe, Cu, Zn, Cr, Mn, Co, Ni, Se,
and As in mice liver were
determined. As in Realgar can
cause the changes in Mg, Ca,
Fe, Cu, Zn, Cr, Mn, Co, Ni, and
Se levels in the liver, but it has
no obvious effect on Na and K
levels (Wang et al., 2018a)
The contents of Ca, Fe, Zn, Mg,
Na, Al K, Li, P, i, Cr, Mn, Ni,
Cu, As, Ba, Pb, Be, B, Sc, V,
Co, Ga, Ge, Br, Se, Kr, Rb, Sr,
Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag,
Cd, In, Sn, Sb, Te, |, Xe, Cs, La,
Ce, Pr,Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, Hf, Ta, W,
Os, Pt, Au, Hg, T1, Bi, Th,and U
70 heavy metals in sulfur were
determined. Ca, Na, Al, K, Ti,
As, and other elements are
characteristic trace elements
(Zhao et al., 2020b)
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‘Therapeutic use

Tetanus, apoplexia,
headache,
pharyngalgia

Tetanus, apoplexia

Dizziness,
amenorrhea

Dizziness, lumbago

Bleeding, arhythmia

Liver disease and
tumor

Hemoptysis,
impotence,
spermatorthea, and
asthma

Vertigo

Anabrosis

Insomnia, headache,
dizziness,
stomachache

Impotence,
spermatorthea

Stomachache,
hepatodynia,
impotence
Traumatic injury,
fracture, amenorrhea

Asthma, cough,
edema, hypertension

Toothache,
rheumatism

Main pharmacological
effects

Anticoagulant, antithrombotic,
bacteriostatic, anticonvulsant,
antibacterial

Anti-inflammatory, analgesic, and
anti-tumor

Anti-liver fibrosis and anti-cancer

Anti-mammary hyperplasia,
gastric mucosal protection, anti-
osteoporosis, anti-senile dementia
Promote cell prolferation and
inhibit apoptosis

Antithrombotic, anticoagulant,
anti-tumor, and anti-ischemia

Anti-tumor

Antibacterial, antioxidant, and
antihypertensive

Antibacterial and antioxidant

Antioxidant, anti-tumor,
hypoglycemic

Bacteriostasis

Antibacterial, anti-tumor, and
antioxidant

Antithrombotic, anticoagulant,
anti-tumor, and anti-ischemia

Anti-inflammation, antithrombotic,
heart protection, anti-tumor, and
improvement of the respiratory
system

Antibacterial, anti-infiammatory,
anti-cancer, anti-ulcer and anti-
virus

“Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

Origin of
medicinal materials®

Heilongjiang, Anhui, Jiangsu,
Henan, Lizoning, Beiing, Jiin,
Shan, Hebei, and Sichuan
provinces or municipalities of
China

Changsha, Hunan province of
China

Guangxi, Hainan, Guangdong,
Zhejiang, and Fujian Provinces
or autonomous regions of China
Guangxi, Guangdong, Jiangx,
and Zhefiang Provinces or
autonomous regions of China
Guangxi, Hebei, Guangdong,
Fujian, Lizoning, and Zhejiang
provinces or autonomous
regions of China

Test results

The contents of Pb, Hg, As, Cd, and
Cuin 10 batches of commercial
medicinal materials of B. batryticatus
Bals. were determined, which met
the limit requirements of the Chinese
Pharmacopoeia for harmful elements
(Guo et al, 2012)

‘The contents of five harmiul elements
of Pb, Hg, As, Cd, and Cu in eight
batches of commercial medicinal
materials of B. parvus Biyth. were
determined. The content of Cd
mostly exceeds the standard, and
the content of Pb and Cu in some
samples exceeds the standard (Wu
etal., 20158)

The contents of 10 inorganic
elements of Na, Mg, K, Ca, Mn, Fe,
Ni, Cu,Zn, and Sein 10 batches of C.
trionycis Wiegmann were
determined. The characteristic
elements of C. trionycis Wiegmann
are Fe, Mn, Zn, Ca, and Cu Maget al.
2011)

The contents of eight trace elements
of Ca, Mg, Fe, zn, Mn, Cu, Sr, and Se
in C. elaphus Linnaeus gum and C.
reevesil Gray gum were determined.
The recoveries of eight elements (1 =
6) were 88.89%-105.31%, the
detection limit was low, and the RSD
was less than 6.0% (Wang et al.,
2018b)

The contents of harmful elements in
E. sinensis Walker were Hg

0.1 mg/kg, Cu 272.20 mg/kg, Cd
0.04 mg/kg, Pb 2.08 mg/kg, As
1.19 mg/kg, respectively (Cao et al.
2019)

The contents of B, Na, Al, Mg, P, K,
Ca, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Tb,
Zn, Ga, Ge, As, Se, Sr, Mo, Cd, In,
Ba, La, Ce, Hg, Pb, Bi,and Thin G.
gecko Linnaeus were determined.
The contents of Ca, P, K, Na, and Mg
are the highest in major elements,
and the contents of Fe, Zn, Se, Cr,
and Cu are the highest in essential
trace elements (Yao et al, 2010)
The contents of 15 rare earth
elements of Y, T, La, Dy, Ce, Ho, Pr,
Er, Nd, Tm, Sm, Yb, Eu, and LuinH.
discus Reeve., H. cumingi Lea., O.
gigas Tnunb. were determined. The
linearity of each element in the
corresponding range is good (- >
0.999), the precision is good (RSD <
4%, = 6), and the recovery of each
element is 97.0%-105.0% (Chen

et al, 2014a)

The contents of Hg, Cu, Cd, Pd, and
Asin'S. fragils Leidy. were
determined. For each determined
element, the correlation coefficient of
the standard curve is =
0.998-0.9999, the recovery is
80.3%-105.2%, and the RSD value
is 0.5%-12.1% (L, 2018a)

‘The contents of Be, V, Co, Ni, Ga, Se,
Rb, S, Ag, Gs, U, Gu, Co, Ni, Ga, Se,
Rb, Sr, Ag, Cs, and Uin A. chinensis
Dalas., E. sinensis Walker, P. asiatica
Perrier., P. olivaceus DeGeer. were
determined. The residues of four
kinds of medicinal materials derived
from animals were higher (Li et al.,
20200)
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Chinese
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Traditional
Chinese
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Arabic
medicine

Traditional
Chinese
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Traditional
Chinese
medicine

Eye disease,
headache

Cough, diarthea,
abdominal pain

Cough, constipation

Spasmodic pain

Cough, insomria

Nyctalopia,
constipation, oral uicer

Imeguiar menstruation

Rhinallergosis

Hypertension,
hyperiipidemia,
arthythmia

Anti-inflammatory, -
antihypertensive,
hypoglycemic

Antibacterial, antioxidant,  Fujan, Guangdong, Zhejang,

anti-tumor, hypoglycemic  Anhui, Guangi, Sichuan, and
Yunnan provinces or
autonomous regions of China

Anti-inflammatory, analgesic, —
anti-tumor, hypoglycernic

Anti-inflammatory, analgesic, —
anti-gastric uloer, anti-tumor

Anti-inflammatory, anti- Jilin Province of China
tumor, hypoglycemic, and
hypolipidemic

Reduce blood lipid, blood  Guangxi Zhuang autonomous
pressure, antibacterial and  region of China
antioxidant

Anti-inflammatory, Saudi Arabia
antibacterial, anticancer, and

antioxidant

Anti- inflammatory, Sichuan, Hainan, Henan, Jilin,
analgesic, antibacterial, Xinjiang, and Yunnan
antiviral, anti-tumor, provinces or autonomous
hypoglycemic: regions of China

Anticonvulsant, anti-anxiety,  Hebei, Henan, Shandong,

antidepressant, anti- Shaanxi, and Lizoning
inflammatory, and provinces of China
hypotensive

"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

0.9995), and the recovery 1S
97.5%-107.8% (Chen et al., 2013)
The contents of Mg, Al, Ca, Mn, Fe, Zn,
Se, Sn, Mo, and other metal elements
in P. vulgaris L. are high (Cao et al.,
2013)

The contents of 16 inorganic elements
of B, Na, Al, Cr, Fe, Cu, Zn, Se, Sb, K,
Ca, Mg, As, Hg, and Pb in P. mume
(Siebold) Siebold & Zucc. were
determined. Among the 16 elements,
K, Ca, Mg, Na, Fe, and B were
abundant (Ou et al., 2020)

The contents of 24 trace elements B,
Na, Mg, Al, P, K, Ca, Ti, V, Cr, Mn, Fe,
Co, Ni, Gu, Zn, As, Se, Rb, Sr, Mo, Cd,
Ba, and Pb in P. sibirica L. were
determined. The relative standard
deviation RSD of the measured
elements is less than 4.79%, and the
recovery is between 90.00% and
109.30% (Liu et al., 2013)

26 trace elements Na, Si, K, P, Zn, S,
Mg, Cr, Mn, Co, Fe, Ni, |, Cu, Li, Al, Ca,
Se,Rb, Cd, Be, Hg, B, Pb, G, and Asin
P. sinensis (Dum.Cours.) C. K.
Schneid. were determined. The
contents of K, Na, Ca, Mg, and other
elements are relatively rich, the
recovery is 96.5%-105.6%, and the
RSD value is 0.26%-2.03% (Zhu,
2009)

‘The contents of Al, As, Ba, Cd, Cr, Co,
Cu, Fe, K, Mn, Ni, Pb, Se, V, and Zn in
widand cultivated S. chinensis (Turcz.)
Baill. in Changbai Mountain area were
determined. The detection limit of the
method is 0.002-0.092 ng/m, the
relative standard deviation RSD is
1.87%-4.96%, and the recovery of
standard addition i 94.0%~104.5% (L
etal, 2011)

The contents of Na, Mg, P, Ca, Ti, Zn,
Mn, Fe, K, Sr, B, Al, Ba, Li, Be, Tl, Mo,
Pb, Cd, Co, V, Cr, Cu, and Niin S. tora
(L) Roxb. were determined. S. tora (L)
Roxb. isrichinK, Ca, P, Mg, Al Fe, and
Na, whereasthe contents of Be, Cd, T,
Pb, and other elements are very small,
less than 0.02 pg/g. Among the 24
elements determined, the content
orderisK > Ca > P> Mg > Al > Fe > Na
>Zn>8r>B>Mn>Ba>Cu>Ti>Cr
>Ni>Mo>Co>V>Li>Cd>Pb>Tl>
Be (Liu et al, 2012)

The contents of Fe, Mn, Zn, Cu, and Se
inV. agnus-castus L. were determined.
Fe level is the highest, and Se level is
the lowest among all plants. The TE
series levels of all elements in all plants
are as follows: Fe 193.4-1757.9 ug/g,
Mn 23.6-143.7 yg/g, Zn

15.4-32.7 ug/g, Se 0.13-0.92 /g,
and Cu 11.3-21.8 g/g (Brima, 2018)
The contents of Pb, Hg, As, Cu, and
Cdin X. strumarium L. were
determined. The linear refationship of
the five elements to be tested is good
(r 2 0.9975), the recovery is
97.47%-104.24%, RSD < 2.13%),
and the detection limit of the methodis
0.014-9.807 ugiL ™" (Liang et al, 2019)
The contents of eight trace elements
Mg, Mn, Fe, Zn, Cu, Cd, Hg, and Po in
Z. jujuba Mill. from 13 different
producing areas in Hebei, Henan,
Shaanxi, and Liaoning provinces of
China were determined. The contents
of Mg, Mn, Fe, and Zn, which are
beneficial to the human body, are
generally rich in j Z. jujuba Mil. from
different producing areas. The
contents of harmful heavy metal
elements Cu, Cd, Hg, and Pb are
within the limit standard (Liu et al.,
2018¢)
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dizziness

Diabetes

Throat obstruction,
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infectious diseases

Acute infectious
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infectious hepatits,
schizophrenia, epilepsy
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Antibacterial, antiviral, anti-
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"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

Jiangsu, Zhejang, and
Hubei provinces of
China

Hubei, Henan, and
Anhui provinces of
China

‘Yunnan province of
China

Shandong province of
China

Shandong, Henan,
Hebei, Chongaing,
Hubei provinces or
municipalities of China

Shanxi and Anhui
provinces of China

Shandong, Anhu,
Jiangsu, and Henan
provinces of China

1) The contents of Pb, Cd, As, Hg, and Cuin
C. morifolium (Ramat) Hemsl. from Jiangsu,
Zhejiang, and Hubei provinces of China were
determined. The RSD of precision,
repeatability, and stabilty of the five
elementsis less than 3.0%, and the recovery
rate (1 = 6) is 87.9%-105.8% (Deng et al.,
2020)

2) The contents of 16 elements Pb, Cd, As,
Hg, Cu, Sb, Sn, Cr, Ni, Ba, Mn, Tl, Ag, Be,
Dy, and Al in C. morifolium (Ramat.) Hems.
were determined. The linear relationship of
the standard curves of 16 elements is good.
The linear correlation coefficient of all
elements is r > 0.9995, the detection limit is
0.002-0.455 gkg "™, the recovery of each
element is 84%-107%, and the RSD < 5%
(Xi et al., 2012)

The contents of 18 elements As, B, Ba, Cd,
Co, Cr, Cu, Ga, Hg, Li, Mo, Ni, Sb, Se, Pb,
Rb, Sr, and Zn in C. indicum L. in Hubei,
Henan, and Anhi provinces of China were
determined. The contents of inorganic
elements of C. indicum L. in different
provinces were different (Chen et al., 20200)
The contents of 27 metal elements such as
Li, Be, B, Mg, Al, Co, Ni, Ga, Rb, Sr, Te, Ba,
Bi, U, V, Cr, Mn, Fe, Cu, Zn, As, Se, Mo, Ag,
Cd, T, and Pb in the seed and seed coat of
L. leucocephala (Lam.) de Wit produced in
Jianshui County, Yunnan provinces of China
were determined. Eight metal elements such
as Co, Ni, Cr, Zn, Se, Mo, Ag, and Pb were
not detected. The detection limits of the.
method were Fe 9.789, Cr 2.691, Zn 1.803,
B 2.076, Mg 1.977, Al 3.024, Ni 1.824 ng/
ml, and other elements 0.003-0.921; RSD of
seed precision 0.141%-11.86%, RSD of
seed coat precision 0.044%-31.14%, and
recovery between 90.8% and 107.1%
(Znang et al., 2012b).

The contents of Li, Be, Ga, V, Cr, Mn, Co, Ni
Cu, As, Sr, Mo, Cd, Sn, Sb, Ba, Hg, Tl, Pb,
and Biin L. hypoglauca Miq. and Lonicera
confusa DC. were determined. The linear
relationship of each element is good. The
detection limit of the method is
0.004-0.071 pg-L~". Good precision and
accuracy. The recovery is in the range of
80%-100% (Xu and Liu, 2015)

1) The contents of 27 metal elements i, Be,
B, Mg, Al, Co, Ni, Ga, Rb, S, Te, Ba, B, U, V,
Cr, Mn, Fe, Cu, Zn, As, Se, Mo, Ag, Cd, T,
and Pb in L. japonica Thunb. produced in
Hubei province of China were determined.
The detection limits of the method were
9.789 ng/ml for Fe, 2.691 ng/mi for Cr,
1.803 ng/ml for Zn, 2.076 ng/ml for B,
1.977 ng/ml for Mg, 3.024 ng/ml for Al,
1.824 ng/ml for Ni, 0.003-0.921 ng/mi for
other elements, 0.146%-7.627% for
pregision, and 90.0%-110.0% for recovery
(Shu et al., 2012)

2) The contents of Pb, Cd, Cr, As, Hg, Ni,
Mn, Gu, and Zn in L. japonica Thunb. were
determined. The content of Cd was the
highest (40.2%), followed by Cu (37.6%) and
Pb (8.5%). As and Hg do not exceed the
standard value, and Cr, Ni, Mn, and Zn are
not limited (Fan et al., 2020)

The contents of harmful elements Cu, Cd,
Pb, As, and Hg in W. chamaedaphne
(Bunge) Meisn. were determined. Cu, Pb,
Cd, and As in 05-100 pg/L, Hg in

0.1-10 pg/L showed a good linear
relationship, r > 0.99, and the recovery was
95.24%-101.16% (Li et al., 2020a)

The contents of inorganic elements such as
B,Na, Mg, A, K, Ca, Ti,V, Cr, Mn, Fe, Co, Ni
Cu, Zn, As, Se, Sr, Mo, Cd, Sn, Ti, Sb, Ba,
Hg, TI, and Pb in Zea mays L. were
determined. The content of the K element is
the highest, 16,436.57-19,599.22 mg/kg.
The content of Mn in trace elements is the
highest, 27.22-36.19 mg/kg (Chen et al.,
20200)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-13-891273-g005.gif





OPS/images/fphar-13-891273-g006.gif





OPS/images/fphar-13-891273-g003.gif





OPS/images/fphar-13-891273-g004.gif





OPS/images/fphar-13-891273-t003.jpg
Artemisia
vulgaris L.

Calicarpa
nudifira Hook.
&Am.

Crataegus
pinnatiida
Bunge

Cycas revolute

Laminaria
japonica Aresch.

Morus alba L.

Platycladus
orientas (L)
Franco.

Psicium
guajava L.

Vitex agnus-
castus L.

Avabic
medicine

Traitional
Chinese
medicine

Traitional
Chinese
medicine

Traitional
Chinese
medicine

Traitional
Chinese
medicine

Traditional
Chinese
medicine

Traitional
Chinese
medicine

Traditional
Chinese
medicine

Avabic
medicine

Respiratory and reproductive
diseases

Acute infectious hepatits,
traumatic bieeding, respiratory
bleeding, gastrointestinal bleeding

Heartache, palpitation,
hyperipidemia

Amenorrhea, dystocia, cough,
hematemesis, cancer

Thyromegaly, cenvcal
ymphadenopathy, bronchits,
tuberculosss, cough, senile
cataract

Hyperglycemia, cancer, viral cold

Hemateresis, epistaxis,
hemoptysis, hematochezia

Dysentery, acute enteritis, chronic.
enteritis

Ireguiar menstruation

Anti-inflammatory and
antibacterial

Antibacteria, anti-
inflammatory, antiviral, and
anti-tumor

Anti-atherosclerotic,
hypoglycemic, and liver-
protective

Anticancer

Antibacteria, antivira,
hypoglycemic, and anti-tumor

Hypoglycemic, hypolipidemic,
antiviral, and anti-tumor

Antibacteria, anti-
inflammatory, anti-tumor,
antioxidant, and hypolpidemic

Hypoglycemic, hypoipidemic,
and antiviral

Anti-inflammatory,
antibacterial, anticancer, and
antioxidant

“Note: the origin of medicinal materials recorded in the table is collected from the articles.

If the origin of medicinal materials is not recorded in the articles, it
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Saudi Arabia

Liaoning province of China

Guangxi, Jiangsu, Inner Mongolia,
Anhui, Guangdong, and Yunnan
provinces, municipalities or
autonomous regions of China

Guangdong province of China

Shanxi, Hunan, Hainan, Hebe,
Chongaing, Gansu, Henan, and Anhui
provinces or municipalities of China

Guizhou, Guangxi, Guangdong,
Yunnan, Jiangxi, Hainan, and Fujan
provinces or autonomous regions of
China

Saudi Arabia

The contents of Fe, Mn, Zn, Cu, and Se in A
vuigaris L. were determined. Fe level is the
highest, and Se s the lowest. Te series level: Fe
193.4-1757.9 pg/g, Mn 28.6-143.7 pg/g, Zn
15.4-82.7 1g/g, Se 0.18-0.92 g/g, and Cu
11.3-21.8 g/g (Brima, 2018)

The contents of Cr, Pb, Gd, Hg, As, and Niin
the dry extract of naked flower C. nudifiora
Hook. & Am. were detemined. The fnear range
of six heavy metal elements is 0~40 ng/ml, and
the comelation coeficient is 0.9982-0.9999.
LOQ is 0.0049-0.0659 ng/mi. The precision,
repeatabilty, and stabilty are good, and the
relative standard deviation RSD is less than
2.0%. The recoveries of low, medium, and high
levels were between 90.0% and 101.6%
@heng et al., 2017)

The contents of Mg, K, Ca, B, Na, Al, Si, Fe, Sr,
Cr, Mn, Cu, Zn, Ga, Rb, Ba, P, Li, V, Co, As,
Ru, In, Tm, Ta, Re, Os, Ir, Pt, Au, Hg, Bi, Be, Ge,
Rh, Ag, Ho, Er, Ti, Th, Dy, U, Nb, Cs, Pr, Sm,
Gd, Se, Zr, Mo, Sn, W, Ce, Pd, Cd, Sb, and Nd
in leaves of C. pinnatifda Bunge were
determined. The contents of K, Ca, Mg, Si, Fe,
Al Na, Sr, and B are higher, with the highest
content of K and the lowest content of Tm
(@hang et ., 20122)

The contents of Pb, Cd, As, Hg, and Cu in
leaves of C. revolute Thunb. were determined
The five heavy metal elements have a good
finear relationship in the corresponding
concentration range (- > 0.999). The precision
of the method meets the requirements. The
recovery rate of standard adition is
87.4%-121.9%, and the RSD is less than 5%
(Chen et al, 20202)

The contents of 15 rare earth elements La, Ce,
Pr,Nd, Sm, Eu, Gd, To, Dy, Ho, Er, Tm, Yb, Lu,
and Y in L. japonica Aresch. were determined
The detection limit of 15 rare earth elements is
14.69-31.25 ng/, the method precision (RSD)
is n the range of 1.4%-6.7%, and the recovery
is in the range of 93.8%-108.6%. The contents
of Y, La, Ge, and Nd in L. japonica Aresch. are
high (Lei, 2017)

The contents of Cr, Mn, As, and Cd in leaves of
M. alba L. were determined. ris between
0.998124 and 0.999998, the recovery is
879%-100%, and the relative standard devation
(RSD) is less than 2% (Shen et al,, 2013)

The contents of 18 heavy metals and trace
elements P, Ti, Hg, Dy, Ba, Sb, Sn, Cd, Ag,
Mo, Se, As, Cu, Ni, Mn, Cr, Al, Be, Ge, and Inin
63 batches of leaves of P. orientalss (L) Franco
from different producing areas such as Hunan,
Shani, and Hainan provinces of China were
determined. The iinear relationship of 18
elements was good, the corelation coeffcient
was R 2 0.9746, and thedetection imit of each
element was 0.224-1.792 pg-L™", the recovery
was81.0%-117.1%. 63 batches of . orientals
(L) Franco leaf samples, the contents of Hg,
Cu, Cd, and Sbwerelow. As was not detected,
some samples of Ba exceeded the imit, most
samples of Pb exceeded the fimit, and Al
exceeded the limit (Zhang et al, 2018)

The contents of Be, Ti, V, Cr, Mn, Co, Ni, Cu,
As, Sr, Mo, Gd, Sb, P, and Hg in leaves of P.
guajava L. were determined. The inear
relationship of each element is good, and the.
correlation coefficients greaterthan 0.995. The
RSD of each element s less than 4.57%, the
RSD of sample repeatabilty s less than
12.09%, and the recovery range of each
element is 76.96%-118.55% (L et al., 2019b)
1) The contents of Fe, Mn, Zn, Cu, and SeinV.
‘agnus-castus L. were determined. Fe level is
the highest, and Se level is the lowest among a
plants. The TE series levels of all lements in al
plants are as folows: Fe 193.4-1757.9 ug/g,
Mn 23.6-1437 g/g, Zn 15.4-32.7 /g, Se
0.13-0.92 g/g, and Cu 11.3-21.8 bg/g
(Brima, 2018)

2) The contents of Al, Po, Cd, and As in V.
‘agnus-castus L. were determined. The
recoveries of al measured elements were
86.1%-00.6%. The content of Al element s the
highest, and the concentration range of Al is
156-1609 mg/kg. The content of Cd is the
lowest, and the concentration of Cd is n the
range of 0.01-0.10 mgkg. The washing
process reduces toxic elements in all plants.
The average % recoveries were Al (47.32%), As
(59.1%), Cdl(62.03%), and Pb (32.40%) (Brima,
2017)
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Amenorhea, traumatic inury,
cough, constipation
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diarthea, uterine proapse

Iflammation, tumor

Imeguiar menstruation, nsormnia,
stenocarda

Amenorhea, dysmenorhea

Jaundice, cough

Toothache, cough, jaundice,
constipation, hemorthoids

Tumor, ymphonodus, psoriasis

Metrorthaga, hemorhage

Bronchits, peumonia,
pharyngits, hepatis

Cough

Antibacterial, antinfammatory, antiial,
anti-tumor, improving Alzheimer's
dsease

Antiaging, ant-tumor, hypolidemc,
anti-aherosclerotc:

Anttinfiamemation, ant-oxdation, ant-
fatigue, and ant-cancer

Antiinfiammatory, antbacterl, ant
tumor, and immune reguiation

Antiinfiamenaton, antrtumor, anti-
infection, neuroprotection

Antiinfiammatory, antdepressant, anti-
tumor, ant-fibros's, ant-hepatiis B vius

Antivacterial, antieal, antiinfamimatory,
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Antivacteri, anthinfammatory, ant-
tumor, cardiovascular and.
cerebrovascular protecton, anti-organ
forosis

Antiinflamenation, antrtumer, iver
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"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

Guangxi Znuang Autonomous Region of
China

Henan, Shaand, Gansu, Anhu, Schuan,
Hubs, Yuman, Guiznou, Guang, and
Guangdong provinces or autonomous.
regions of China

Guangxi Znuang Autonomous Region of
China

Shani province of Crina

Anhui province of China

Hunan, Anhi, and Zhefiang provinces of
Ghina

Beijng and Jangsu, Helongiang, Gansu,
‘Shandong, Shani Hebei, and Shaamd
provinces or municipaities of China

Guangri Znuang Autonomous Region of
China

Znejang, Guangxi, Guizhou, Fujan, and
‘Yunnan provinces or autonomous regions of
china

Anhui province of China

TR0 SHF s UL, P 1y 1Y) SRETE N OF ooy
106.85%, 96.5%, 89%, 80.4%, and 108.6%, respactiely.
The contents of Ca, Fe, AL, Zn, and Cu in cooked R
gutinosa (Gaertn) DC. are high (Weng e al, 2009)
“The contents of 28 lements L, B, Na, Mg, Al K. Ca, Ti,V,
Cr.Mn, Fe, Co, Ni Cu, Zn,As, Se, 1, Mo, Ag, Cd, S0, S,
84T, Pb, and Biin . japarica Houtt. were determined.
The detection limk of each element s 0.01-08 gL, the
standard deviaton is 0.11%-2.57%, and the recovery is
94.00%-110.00% (Duen et a, 2012a)

1) The contents of Mg, K, Ca, Na, A, Cr, M, Fe, Ni, Zn,
Rb, S+, Ba, U, Be, S6, V, Co, Ga, Ge, S, Y, N, Cs, La,
e, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, &, Tm, Yb, Lu, T, and
Thin R mutifora (Thunb) Moldenke were determined.
The inear comelation coefficents of the standard curve
were greater than 0.95, and the average recovery vas
88.9%-119.2%, RSD < 125%. The contents of K, Ca, Mg,
AL, and Fein 49batches of & mutlfora Thunb) Molderke
‘samples were the highest, allof which were more than
100 mg/kg. The average contents of Be, So, Ge, Eu, b,
Ho, Tm, YD, and Lu are ower, al less than 0.02 mgkg
(Vang et al. 2019)

2)The contents of 24 elements K. Fe, Al Mg, Ca, P, Sn,
As, 25,80, Pb, Co, Ca, Ni, Ba, B, S, Hg, Mn, Or, V, Cu,
Be. Na. and  in 33 samples of A multfora (Thunb)
Moldenke from diferent producing areas such as
Sichuan, Guizhou, Yunnan, Jiangsu, and Hubel were.
etermined. The amount ofFe, Mg, Ca, and Pis high (Luo
etal, 20150

The contents of 13 inorgani sements Na, Mg, AL K, Ca,
Gr, Mn, Fe, N, Cu, Zn, As, and Pb in R r0sea L. were
etermined. The alements withhigher mass fractons in R
rosea L. are Ca, K, and Mg, whereas the mass fractions o
As and Pbare lower then the industry standard (Wang and
Znang, 2019)

The contents of 22 melal dements A, Fe, Cu, Pb, As, G,
G.NLV, $b,50.Ti, Ag, B, Ba, Co, Mn, Mo, Se, &, T and
Znn 45 batches of R, laevigata Michx. roots in Guang
were determined. The content of Al dlement is igh, Pb <
50,Cd=03, H 0.2, Cu 200, and As 2.0 mgkg
al withn the standard Imt (Wel el 2021)

The contents of Cu, M, Cr, Zn, G, Fe, Pb, Hg, and Asin
wid R cordifol L. from different habitats in Shaani,
China, were determined. There are diferences in the
contents of heavy metas in wid A, cordlfola L. from
diferent producing areas. The contents of Cu, Cd, Pb, Hg,
and As are lower than the lmit standard of heavy metals
(Peng et al. 2018)

1)The contents of P, G, As,Hg, and Guin . mitiontiza
Bunge were detemmined. The comlation coeffcents rof
the stendard curves of fve heay metals were 0.9992,
0:9995, 0.9997, 0.9994, and 0.9991, respectively, and
the recoveries were 91.196-102.5%U et a., 2016a)

2) The detecton imit o Pb, Ca, As, Cu, and Hg in S.
‘miltorhiza Bunge in Anhui ancent city of China was.
0,006-0.072 gL, and the fnear reationship was 7>
0954, The recovery was 91.63%-100.50% (RSD <
497%) Uinet a., 2018)

Determination of 23 dements Na, Mg, AL, K, Ca. V., Cr, M,
Fe,Co,Ni, Cu, Zn, As, e, b, Ag, Cd, CS, Ba, Hg, and b
in'S. cuneata (Oiv) Rehder & E. H. Wison in Hunan,
‘Anhui, and Zhejang provinces of Ghina. For the measured
loments, the conelation coeicent ofthe standard cunve
57> 0.9987, and the relatve standard deviation of the
method accuracy experment is RSD < 9.1% (L et al,
2013

“The contents of 23 inorganic elements Al As, B, B, Bo,
G, Co, Cr, Cu Fe, Ga, Hg, Li Mn, N Po, Sb, $n, &, T,
T1,V, 204 Zn in 35 batches of . bacalnsis Georgistems
and leaves from eight producing areas were determined.
The contents of Al and Fe are the highes, folowied by B,
Ti, Mn, Sr, and Ba (Yen et al, 2018)

The contents of heavy metals Zn, Ba, Cu, Cr, N, Pb, As,
b, Co, Cd, Sn, Ti,Bi, and Hgnthe roots of . tonkinensis
Gagnep. in Guang, China, were determined. The.
etection it s 0.0014-04241 LgL”!, the recovery is
91.3%-106.5%, and the RSD value i 0.43%-3.07%. The
contents ofheavy metas i theroots of Kidney beans fom
diferent producing areas were basially consistent: Zn >
Ba>Cu>Cr>Ni>Pb>As>Sb>Co>Cd>Sn>T1>B)
> Hg (Gu etal, 2013)

The contents of 12 race elements A1, M, Fe, i Cu, 20,
As, Se, Co, Ba, Hg, and Po i S. chamagasme were
etermined. There was no signiicant diference n the
contents of 12 slements, but the contents of Mn, Zn, Ba,
and P n £, chamagiasme were significantl higher than
those i £ unata (Yan et al, 2012)

The contents of Fe, Mn, Cu, Zn, Ba, Co, N, a1d Cdin T
paniculturn (acq) Gaern. were determined. The.
neariy of Mn, Cu, Zn, Ba, Co, and Fe s 0-500 pgiL, N
and Cd are inear at 0100 pgAL., the lincar corrlation
osficient is 0.9847-0.9999, and the delecton it is
0.0007-0.02 mg/kg. The RSD of reference materias is
between 4.45% and 9.13% (Guo et al, 2019)

The contents of Pb, Cd, As, Hg, and Cun T.
"hemsieyanum Diels & Gl from diferent producing areas
i Znejang, Guangxi, and Guizhou provinces were
etermined. Po 5 4.1677, Cd 50,1946, As 5 0.4550, H
5 00424, and Cu < 7.8925 mg/kg Wang et al., 20202)
The contents of 12 trace ements P, o, As, Hg, Cu,
Mg, Cr, Mo, K, S, S, and Fe in 7. kiiowi Maxim. fom
diferent producing areas in the Anhu province of China
were determined. The contents of Pb, Cd, As, Ho, Cu and
other fve heavy mefals in richosanthin from Bozhou and
Anguo in Anhui province are lower than the values
specified i the Chinese Pharmacoposia. There were.
significant diferences in the contents of K, Mn, Mg, Sr,
and other doments in T. krowi Maxim. between the two
producing areas (Gong et i, 2018)
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ris domestica (L) Goidolatt &
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Melcope ptekilia (Champ, ex
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Prione bulbocodoides
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Polygonatum odoratum (Vi)
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Sargentodoxa cuneata (Oiv)
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Sauromatum gigenteun (Engl)
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(Buch.-Har. ex Gracbn)
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Chinese.
medcne
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Chinese.
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Tracitonal
Chinese.
medcne

Traditonal
Chinese.
medcne

Traditional
Chinese.
medcne

Traditonal
Chinese.
medcne

Traditonal
Chinose.
medcne

Traditonal
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medcne

Traditional
Chinese.
medcne
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Chinose.
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NI COILNSON, FIENIN Y.
pikpsy, tetanus

Cough, inflammaton, tonsilts,

humbago

Phanyngaiga, malaria, iteric
hepailis, col, fever, tonsiits

‘Snakebite

Hyperghycemia, inflammation

Amenohea, dysmenorthea

Tetenus, epiepsy, snakebite

Pheumaloid arthrits pan,
hvonic gomeruioneptrits,
arhythmia

Dysmenorthea, amenorthea,
heartache

Tumor, vl cold

Pheumatism, metrorthagia

Hypetension, arhythimia,
Azhamer's disease

Infiammation, amhythmia,
myocarcia ischernia, tumor

TR BV aa
neuroproloctie

Aatkinflammatory, antbactera, and
anthiral

Antiinflammation and anaigesia

Antiumor

Antioxidant, hypoghycemic, ant-tumor,
antbacterial

Antiacteria, antvral, antinfammatory,
anti-tumor, immunosuppressive

Anthinfection, anti-conwision, anti-
tumor

Aatkinflammaory, ansigesic, and anti-
tumor

Aatiinflammation, analgesi, ant-tumor,
antifrosis, and nhibiton of ovarian

ot

Antiinflammatory, analgesic, anttumor,
antral, ant-depressive

Antiumor, lowering bood pressure,
fowering blood sugar, bowering bood
i

Anthintianmatory, anaigesic, and
anticancer

Antiinflammatory, anaigesic, and
bacteriostatic

"Note: the origin of medicinal materials recorded in the table is collected from the articles.
If the origin of medicinal materials is not recorded in the articles, it is indicated by “—."

R ot il ot o ot sl &
Hubel, Schuan, Jin, Znejang,
Heongiiang, and Chongaing provinces or
municpaities of Cina

Henan, Hebei, Hubei, Anhui, Hunan,
‘Sichuan, and Guizhou provinoes of China

Guizhou provinos of China

Hunan, Anhui, Znejeng, and Jangd
provinces of China

Henan, Jin, Shaanxi, Hube, and Sichuan
provinces of China

Guangs Znuang autonomous regon of
china

Guangs Znuang autonomous regon of
China

Guangs Znuang autonomous regon of
china

Guizhou province of China

Bilioc sdoembiod b b b o b e b Jien s o dsp.
Mo, Mo, Po, Se, 51, &, i, andV 30 batchos oI G.
elata Bume from diferent habiats were deternined. The
finear reationsi of 20 dements tobe tesieds good (7 2
10,9962, the RSD ofthe repeatabiy tes is <6.34%, the
RSD of the stabily tst s <600%, the RSD of the
precision tes s 5.78°%, the rcovery ofthe sample s
91.62%-108.10%, and the RSD s s5.21% (Yu et al.
2017a),

Thecontents ofPb, G, As, Hg,and Cu i 13 batches of
domestica () Gokdbatt & Mab. harril melals from
‘seven diferent producing areas such as Henan, Hunan,
‘and Schuan provinces of China were determined. Among
13 batches of sampes rom seven procucing areas, ol
four batches of samples have all dements wittinthe i,
‘and other samples have dierent dkmens exceedng the
standard, of which the exceecding standard rate of Cd
olement i As high as 62% (Guan et al, 2021)

The contents of Cu, P, Ho, As, end Cd in M. ptekiola
(Ghamp. ex Benth) . G. Hartley were determined. The
corelation coeffcent of the standerd curve of the
measired sements isin the range of0.9996-0.9999, and
thelinear reiaionship s g0od. The average recovery of e
melhod is 93.4%-96.6%, and the RSD s 4.6%-9.4%
(Long et al, 2013,

The contents of Be, T, V, G Mn, Co, Ni, Cu, Zn, As, Ag,
Cd. S0, Sb, and Ba in Guizhou P bubocodioides
(Franch, Rolle were determined. The lnear elationsip o
‘each dement is good, and tho cordation coeffien s
‘greater than 0.995. The reltive standard deviaion (RSD)
of repeatabity is less than 7.5%. Reative standarc
devitio of precison (RSD) < 4%, The recovery was,
8137%-114.61% (Chen et a, 20200)

116ements suchasLi, B, Cr, Co, Ni, Cu, Mo, Po, 86, G4
‘and Tin P odoratum (Mil) Druce were detemnined. The
content of K is the highest, reaching 8552 /g, Ca
2158 /g, Mg 696 /o, Al 444 yg/g, e 191 113, Po
.71 1/9,Ca 0.43 153, TIO063 /g, Be contentisthe
least, only 0,028 /g Liuet al, 2016)
Detemintion of 23 dements Na, Mg, Al K, CA,V, Cr,
Mn, Fe, Go, Ni Gu, Zn. As, Se, Rb, Ag, Cd, Cs, Ba, H,
and Pbin S, cuneata (Oi) Rehder &E. H. Wison n
Hunen, Antu, and Znefang, China. For the measured
elements, the comeiton coeffcent of the standard cune
is > 0.9987, and the reaive standard deviaion of the
method accuracyexperiment sRSD < 9.1% (Luand Sh,
2019

“The contents of i Zn, A5, Cd, P, Cr, Cu, Mn, Ba, o,
e, T Fe, ALK, Mg, P, and Hgin S giganteum (Engl)
‘Cusimano & Hett. were determind. The contents of K. P,
Mg Fe, Zn, Al and Mn are high (Lu e a. 20180).
“Thematixeffectwas compensaed with B2, Y, 6, In and
e as intemal standards. The contents of 28 lements o
L8, Na, Mg ALK, Ga, T, V,Cr, Mn, Fo, Co, N, Cu, Zn,
A5, 86, S, Mo, Ag, Cd, Sn, Sb, Ba, Tl Po, and Biin S,
acuto (Thun) Rehder & E. H. Wison were determined.
Tne detection it of cach dement s 0.01-0.8 g™, the
Standard doviation I 0.11%-2.57%, and the recovery i
194.00%-110.80%. The content of 16 clements n
‘Siomenium wiftrdi is 2 mgkg™", among which K. Mg,
‘GA, Na, and cther elements have the highest content
(Oven et al, 20120).

“The contents ofn,Cr, S, 20, b, B, Ni Cu, Mo, and Se
in'S. stoonferum (Buch.-Harn. ex Graebin) Buch.-Hom.
x.Juz. were detemnined. The comeation cosficients of
the regression ecuation of each eement 7 2 0.9998, the
etecton it was 0,0019-0.1644 gL, and the recovery
Was 96.33%-113.33%. The content of n, Zn, N B, G
and other dements in tradional Chinese medcine
‘Sarleng s igh, and the content of Mn i the highest
(6815 5/g) (Wang and Jin, 20189)
Tnecontents of 28 éements of L, B, Na, Mg, ALK, Ca. T
V. Cr, M, Fe, Go, N, Cu, Zn, As. Se, Sr, Mo, Ag, Gl Sn,
Sb, B, Tl, Po, nd B 1S, suberectus Dunn were
etermined. The detection kit of cach element is
0,01-08 oL, the standerd devaion i 0.11%-2.57%,
and the recovery rate is 94.00%-110.00% There e 13
elements with a content of more than 2 mg/kg, among
Which the contents o Ca. K, Mg, and other clements are
the highest (Su et al, 2013)

Thecontents of P, Cr, Hg.As, Cu, and CdinT. chinensis
(0G) Danser wero dotormined. Tha average conlonts of
thesix dements accord with Gu > As > P > Hg > Gr > Cd
(Snen etal, 2017)

“The contents of K. Ca, Mg, Na. Fe, Mn, Cu, Zn, Mo, C,
PD, Cr, Hg, A, nd Gd n the mxed samples f ook and
stom of U. iynchophyfa (M) Miq. in Janhe County,
Guizhou province, China, were determined. The contens
of race elamens Na, Mg, K, Ca, Mn, Co, and Zn are
‘reater then those in the hook. The highest content of
race dements in hook and stam was K, folowed by Ca.
T content of heavy metal ements Cr, Cd, and Poin the
stems sighty higher then that nthe hook, the content of
Hg i the hook is igher than that i the stem, some
‘exceed the stendard, and the content of Gu and As  the
hook and stemis close (Zhang et al, 20166)
“Thecontents f Gu, Zn, Co, M, G Se, Ni Mo, V. and Sn
in dried Z. offcinale Roscoe were delermined. The.
contents of Mn, Cu, and 2n are 32,2049, 67,4596, anc
20,2833 9/g.respectivly, and the contents of S, N, .
0.V, Co, and Mo are 9.0956, 45661, 32654, 1.6022,
10064, 04992, and 0.1175 g, respectively. The
regression equation coeffcent of each element >
0:9998, the incar reaionsiip of 10 dlements is good in
the range of 0-500 L., the detecton il of each
clomont s les than 0.1460 L., the cuantiatve It
less than 0.4867 g/L, and the recovery ate s
199.63%-101.46%. The RSD of precison, stabity, and
repeatabity were less than 3% (Wu et al, 2019a)
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Astragalus
mongholicus
Bunge
Reynoutria
multifora (Thunb.)
Moldenke
Rehmannia
glutinosa
(Gaertn)) DC.
Rheun tanguticum
(Maxim. ex Rege))
Balf.

Scutellaria
baicalensis Georgi

Alsma plantago-
aquatica L.

Lonicera japonica
Thunb.

Spatholobus
suberectus Dunn

Angelica sinensis
(Oliv.) Diels

Citrus
deliciosa Ten.

Gardenia
jasminoides J.Elis

Gentiana scabra
Bunge.

Lonicera japonica
Thunb.

Lycium
barbarum L.

Magnolia offcinalis
Rehder &
E.H.Wilson

Ostrea gigas
Thunb.

Polygonum
tinctorium Ait.

Cordyceps sinensis
Berk.

Ganoderma
lucidum (Curti) P.
Karst.

Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine

Traditional
Chinese
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Traditional
Chinese
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Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine
Traditional
Chinese
medicine

Traditional
Chinese
medicine

Hypertension

Dizziness, malaria,
constipation

Hematemesis, bleeding,
sore throat

Hematemes's, bleeding,
edema, drenching

Diarrhea, jaundice, cough

Adverse urination, diarthea,
dizziness, astringent pain,
hyperlipidemia

Heatstroke, muttiple
infectious diseases

Irregular menstruation,
dysmenorrhea, amenorrhea,
numbness, and paralysis

Ireguiar menstruation,
amenorrhea, dysmenorrhea,
constipation

Epigastric fulless, omitting
and diarhea, cough and
phlegm

Icteric hepatitis, sprain,
hypertension, diabetes
melitus

Hypertension, dizziness,
liver disease

Fever, heatstroke, multiple
infectious diseases

Liver disease, hyperglycemia

Vomiting and diarrhea,
constipation, asthma, and
cough

Insormnia, dizziness,
spontaneous sweating, and
night sweating

Sore throat, sore mouth,
infantile convulsion,
erysipelas, snakebite
Impotence, sore waist and
knee, cough

Insomnia, cough, asthma,
excessive phiegm, asthenia,
and fatigue syndrome

Anti-inflammation, immune
regulation, anti-tumor, anti-stress,
and liver protection
Anti-inflammatory, anti-tumor, and
lipic-lowering

Antibacterial, anti-tumor, anti-gastric
ulcer, anti-aging

Antibacterial, anti-tumor, anti-gastric
ulcer, anti-aging

Antibacterial, anti-inflammatory, anti-
fatigue, and anti-tumor

Anti-tumor, hypoglycemic,
hypolipidemic, and hepatoprotective

Anti-inflammatory, antibacterial,
antiviral, hypolipidemic, and
hypoglycemic

Anti-inflammatory, analgesic, anti-
tumor, antiviral, and antidepressant

Analgesic, anti-inflammatory,
antivacterial, antioxidant, anti-senile
dementia

Anti-ver injury, anti-tumor, and anti-
pulmonary fiorosis

Antibacterial, anti-tumor,
hypoglycemic

Anti-inflammation, analgesia, liver
protection, and antiviral

Anti-inflammatory, antibacterial,
antiviral, hypolipidernic, and
hypoglycemic

Hypoglycemic

Anti-epilepsy, anti-depression, anti-
dementia, anti-cerebral ischemia,
anti-tumor, hypoglycemic
Antioxidant, anti-tumor,
hypoglycemic

Antibacterial, antiviral, anti-tumor,
and antiallergic

Anti-oxidation, anti-tumor, and anti-
aging

Anti-tumor, anti-aging, prevention
and treatment of cardiovascular
diseases, and protection of liver injury

“Note: the origin of medicinal materials recorded in the table is collected from the articles.

If the origin of medicinal materials is not recorded in the articles, it is indicated by “

Guangdong
province of
China

The arsenic speciation contents of Asl,
As;0s, MMA, and DMA were
determined before and after processing
of Astragalus mongholicus Bunge,
Rheum tanguticum (Maxim. ex Rege)
Balf., Scutellaria baicalensis Georgi,
Reynoutria multfiora (Thunb.) Moldenke,
and Rehmannia glutinosa (Gaertn.) DC.
The RSD of repeatability, stability, and
recovery were 1.21%-4.31%,
1.78%-4.97%, 1.19%-5.57%, and
83.15%-118.329%, respectively (Zhang,
2014)

Four different valence arsenic, As (Il),
DMA, MMA, and As (V), were
determined in Alisma plantago-aquatica
L., Lonicera japonica Thunb., and
Spatholobus suberectus Dunn.The
linear relationship is good at 5-200ug.
L. The average recovery (1 = 9) was
105.1%-108.4%, and the detection i
was 0.01 mgkg~". Small amounts of As
(1) and As (V) were detected in Alsma
orientalis and small amounts of As (I,
DMA and As (V) were detected in
Lonicera japonica Thunb., whereas As
(1), DMA, MMA, and As (V) were not
detected in Spatholobus suberectus
Dunn (Wang et al., 2015¢)

The contents of AC, AsB, Aslll, DMA,
MMA, and AsV in Gitrus deliciosa Ten..,
Gardenia jasminoides J.Elis, Magnolia
officinals, Ostrea gigas Tunb.,
Polygonum tinctorium Ait., Angelica
sinensis (Oliv.) Diels, Lonicera japonica
Thunb., Lycium barbarum L., Gentiana
scabra Bunge. were determined. The
detection limits of the measured
elements were As (Ill) 4.0 ug/kg, As (V)
5.0 g/kg, MMA 3.0 ug/kg, DVMA

2.0 kg, and AsB2.0 g/kg. The
recovery was 88.7%-101%, and the
relative standard deviation was
1.02%-3.34% (1 = 3). The arsenic forms
in 10 traditional Chinese medicines were
mainly As (V) and organic arsenic (Li,
2018b)

1) Six arsenic speciation preparations,
AsC, AsB, Aslll, DMA, MMA, and AsV
were determined in fresh Cordyceps
sinensis Berk. The linear relationship of
the measured elements in their linear
range is good (r > 0.9998), and the
average recovery of the sample is
96.3%-106.5% 4% (RSD < 4.3%), the
detection limits of six arsenic
preparations were less than 0.15 ng/ml
(Gian et ., 2019b)

2) The main forms of arsenic in
Coralyceps sinensis Berk. were MMA,
DMA, AsC, AsB, Aslll, and AsV (Zuo
etal., 2018)

Six selenium forms of Se (VI), Se (IV),
SeMet, SeCys2, SeEt, and SeMeCys in
Ganoderma lucidum (Curtis) P. Karst.
were determined. The mass
concentration of six selenium forms is
0.5-100.0 ugL ™" has a linear
relationship with its corresponding peak
area, and the detection limit (3S/N) is
0.03-0.15 pgL~". The recovery was
91.7%-98.7%, and the relative standard
deviation (1 = 6) was 0.031%-3.2%
(Zeng and Yao, 2020)
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‘Dalomiaea soulsi (Franch) C. Shih
Forsythia suspensa (Thunb) Vah, Lonicera
Japorica Thunb., Scutetara bakaknsss
Georg!

Aractyiodes macrooephala Koz,
Geyrhiza uralonsis Fsch ox DC., Panax
ginseng C. A. Mey., Poria cocos (Sohw)
Wol.

Panax notoginseng (Burki) F. H. Chen

Asomaticurm, Buftalohorn, Crocus satiws L.,
Datbergia odorifera T. C. Chen, Myristica
fragrans Houtt, Lansangia tsa0-ko (Crevost
&Lemarié) M. . Newran & Skornick, Pear,
Phyanthus embca L., Santaium album L.,
Travertie

Crataegus pinatiica Bunge, Vitex
negundo L.

Areca catechu L., Oyperus rotundus L.,
Cirs deliosa Ten., Cirus medicalL., Citus
 aurantitola (Christm) Swinge, Gizzard
pepsin, Peria futescens (L) Bition

‘Bupleunm chinense DC., Gycymhiza
uknsis Fisch. ex DC., Panax ginseng
CAMey., Pinalla tomata (Thunb) Maiino,
‘Sutetara baicaknsis Georgl

Artermisia capilars Thunb., Astragalus
‘mongholus Bunge, Curcuma aromatica
Saisb., Phyfanthus urineria L., Sabvia
mitionhiza Bunge, Strobianthes cusia (Nees)
Kunize

Artemisia capilars Thunb., Gardenia
Jasminoides J.Ells, Lonicera japonica
Thunb., Scutelaria baicaknsis Georg!

Astragatus mongholicus Bunge,
Atractlodes macrocephala Koidz.,
‘Saposhnikovia divaricata (Turcz. ex Ledeb.)
Schischic

Astragatus mongholicus Bunge, Ligusinum
cickm W. T Aton

Avtiicia bezoar, Bomeol, Panax notoginseng
(Buridl) FH Chen, Pig bile powder, Pear,
Peppermintol, Scutetara baicakenss Georgi

Angeica sinensis (Oliv) Dils, Astragalus
‘mongholicus Bunge, Atractylodes
macrocephaa Koidz., Codonopsis plosula
(Franch) Nann., Curcuma phasocauls
Velton, Sparganium stolonferum (Buch.-
Harm. ex Gracbn) Buch.-Ham. ex Juz.,
‘Spathobobus suberoctus Dunn, Sabia
mitiorthiza Bunge

Angeica sinensis (Olv) Dids, Cinnaber,
‘Coptis chinensis Franch, Gicyriza
urensis Fisch. ex DC., Reynoutria multora
(Thunb) Moldenke

Fever, cough, sore thoa, upper respiratory
ract nfection, mid preumona, and tonsilits
‘caused by exogenous wind heat

Antitumor, antiibonuckic acid synthesis,
gastrintestinal reguiation

Hemorthag dseases, cerebrovascular
diseases and thei sequeiae, intraocuar
hemorthage, and other fundus dseases

Acute and chvonic cardovascular and
corebrovasculr iseases, hypertenson,
hypertpidemia

Inflammation, ischeric beain njury

Chonic gastitis, Peptic ucer

Cold, maari, chronic hepaiiis, ver cirhoss,
‘acute and chronic cholecystis, oits media,
acute pancreaitis, pleurisy, galstones

Chronic hepatiis B, hepatis C, cirhosis,
fatty ver acoholc ver isease, hepatic cyst

Acute, persistent, and chonic hepaits

Cold, respiratory ract nfection, alegic
intis

Deficiency caused by various diseases

Sore throat, sore and bois caused by
excessive heat in king and stomach

ireguiar menstruation, dysmenorthea,
chronic pevic inflammation

Insomna, palpitation, and forgetfiness.
aused by neurastheria, trance caused by
mental depression, papitation and palpitation
caused by premature heartoeat

Antivacterial, antinflammatory,
aniviral, and antahyhmic

Antitumor, ant-fatigue, and anti-
agng

Expand cerebra biood vessels and
increase cerebral blood flow

Anticonwuisant and antthrombotic

Antiosidation, antr-myocardial
hypertrophy, and inhibition o platelet
‘aggregation

Improving the state of gastric
mucosa and educing the expresson
level ofinflammatory factors

Hypolpidenia

Antihepats 8 vius

Protecting the ver and resisting fver
florosis

Antiintection

Antiatigue and ant-oxidation

Anticonwisant

Antitvombosis

Anticonwisant

86.92%-104.9% (Rezeng ot a, 2016¢)

The contents of 15 trace élements Cr, i, Fe, Co, N,
Cu, Zn, As, Cd, Ba, and Hg n Shuanghuangian
injection were determine. The recovery was.
81.6%-96.3%, and the detectin it was.
0.001-1.53 ng/g (Luan et al, 2012)

The contents of P, Hg, Cr, Cd, As, Ni, Cu, Co, Se,
and Mo in Siunz decoction were deternined. The
linar elatonsiip of the deected 10 dements s
900d, the correlation coeffcient 7 2 0.9993, and the
Getection it of each element is

0.003-0.294 pgL", the recovery is within
95.8%-108.3%, RSD < 6.6%, and values of
repeatabity and precision are RSD s 5% (Guan
etal, 2018)

The contents of Be, Al Cr, Ma, Fe, Co, Ni Cu, Zn,
As,Se, Ag, €3, Sn, Sb, Ba, NG, Dy, Ho, T, andPoin
‘Trvombus scavenger njection were determined, The
corrlation coefficent  of the standard curve of 21
elaments above 0.999, the recovery rate is

92 71%-107.07%, and RSD s witin 5% (Cheng
etal, 2019)

Thecontents of eight trace elements Fe, Cu Mn, Cr,
Ni, Zn, Co, and Mo in Tioetan mecicine, twenty-fie
favor peart pis, were determined. The recovery was
95.4%-102.3% (U et ., 2017)

The contents of Po, 00, As, Hg, and Gu i Vitesin
infction were determined. The detection it of
each dement were 0.4, 0,03, 009, 0.04, and
0.05 g/, respectively. The inear reationship is
900d (> 0.998). The recoveres were 97.85%,
97.2%, 104.0%,91.2%, anc92. 8%, respeciively (X
etal, 2018)

e six harmi elements P, Cd, As, Hg, Cu, and N
inWeisu granuie were determined. Withi the
detecton concentraton range, the lnear reationsip
15,9000 valueis botween 0.9993 and 0.9999) e
recovery of each elments between 92.36% and
102.55%,and the RSDis between 0.85% and 2.1%
(Suetal, 2020)

The contents of Cu, As, G0, Hg, and Pb in
Xaochaiu preparaion were detomined. Undor he
intematonal heay meta imit standard, Hg in oy
one batch of oignal Medicnal maleras excoeded
the stendard by eght times, but after decoction and
preparation process, the resiue of heavy metals
was sigrficanty recuced, and the resicue rato of
heavy metas was reduced o 2.5% 02% (granule
Hgi-42.85% (rane Cd). THQ and O vers lower
than the non-carcinogenic and carcinagenic rsk
standard vaues of heavy metals under the thves-
drug appicaton methods (U et al, 20190)

The contents ofV,Cr, e, Co, N, Cu As, Se, Mo, G
Hg and PD in Yigan povder were detormined. The
linear relatonstip of 12 lements is good, and the
carrelaion coefficent 2 0.05 9992. the detection
limit of each element i 0.038-0.537 gL”", the
recovery s 100.0%-104.7%, RSD s 4%, RSD
vales of repeatabity and preciion are <5% (Sun
etal, 2017)

Detemninaton of Pb, As, G, Hg, and Cu in
Yinahiang ijecton. The detection imits o the fve
elements were 5-1250 nglL. respectiely. The
lincarity i good, and the inear cordlation
coeficients re 20,999, Precision ASD < 3 5%, The
recovery was 95.7%-107.5% (Wang et a, 20120)
18incrganic ements K. Ca, T, V, Cr. M, Fe, Co,
Ni Cu, 20, Se. S, Mo, Cd, Sn. So. and Ba in
Yupingleng granules were determined. The
precision,stabily, and reproduchity re loss than
5%, 18 inorganic dements are i the range of
0-100 gL, and the corrlaton coeficents were.
above 0.9990 Zhang et al. 20190)

The cotents of A5, Cd. P, Hg, and Cu in 111
batches of Znengi Fuzheng grandes were
determines. The comelation coefficen of the
caltbration curve > 0.999, and the contents of A5
Gal Po, Hg,and Cu are withinthe controlatie range
@woueal, 2016

The contents of Pb, Hg, G, Cu and As in
Znenhuang capsue were determined. The detecton
it of each dement is 1.1-140 ngmL"". The
quanttative it was 3.746.7 gL, The inear
ranges are P 0-20 ngmL~, AS0-20 ngmL", Hg
0-2 ngmL"", Cd 0-10 ngmL"", and Cu

0-500 ngmL"", respectivey. £ > 0.9900 the ineer
reatonsip of each clement & good. The average
recovery was 92.19%-106.5%, RSD < 5.72% (Uu
etal, 2020)

4Binorganic dements L, Be,V, Cr, Mn, Co, Ni, Gu
20, Ga, As, Se, b, S+, G, Sn, Sb, Cs, Ba, Hg. Po,
8,8, 56, i, Ge, Y, 21, Nb, Mo, Ag.La, Ce, Pr. N,
S, W, Eu. Ga, Dy, T8, Ho, Er, Trm. Yo, Ta,and Tin
Zritong Huazheng capsuie were determined, and
the regression equation coeficent of each dlement
was reater than 0,994, The cetecton it of each
elomentis 0,0001-0.1611 L. The quantatve it
50.0003-0,5370 1. the RSD of the precision,
stabiity, and repeatabilty tes i less than 5.0%, te
recoveryrae is 95.0%-101.7%, and the RSD vaue
i50:34%-2.83% Wu et a, 20190)

o determine the content o sluble mercury in
Znusha Anshen pils There & a good near
reationsiip i the range of 0-200 g1 The
detecton Imit s 0.04 gL, and the it of
quanttation s 0.13 gL The average recoveres of
the tvee mass concentrations were 94.7%,
110.4%, and 92.3%. RSD v 1.3%, 1.0%, and
36% (Li et 8l 2016b)
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Name

Huoxue Zhitong
Capsules

Jiegu Qili tablets

Niuhuang Jiedu
tablets

Xiaoer
Kechuaniing
granules

Medical
system

Traditional
Chinese
medicine

Traditional
Chinese
medicine

Traditional
Chinese
medicine

Traditional
Chinese
medicine

The main
medicinal materials

Angelica sinensis (Oliv.) Diels,
Boswella sacra Fliick., Bomeol,
Natural copper, Panax
notoginseng (Burkil) F.H.Chen

Angelica sinensis (Oliv.) Diels,
Boswella sacra Fliick., Calamus
draco Willd. Ground betle, Myrrh,
Rheum tanguticum (Maxim. ex
Regel) Balf

Bezoar, Bomeol, Glycyrhiza
uralensis Fisch. ex DC., Platycodon
grandifiorus (Jaca,) ADC., Plaster,
Realgar, Rheum tanguticum
(Maxim. ex Rege) Balf., Scutelaria
baicalensis Georgi

Ephedra equisetina Bunge,
Glyoyrrhiza uralensis Fisch. ex DC.,
Lonicera japonica Thunb., Plaster,
Strobianthes cusia (Nees) Kuntze,
Prunus sibirica L., Trichosanthes
Kirfowi Maxim.

Therapeutic use

Traumatic injury,
hemostasis, sweling,
pain

Cataclasis

Sore throat, sore
gums, sore tongue,
sweling, and pain

Cough caused by
upper respiratory tract
infection

Main pharmacological
effects

Anti-inflammation and
analgesia

Improve hemorheology

Antioxidant, antiviral, anti-
tumor, anticonvulsant,
antiepileptic

Antiviral, anti-inflammatory,
antioxidant, and
anticoagulant

Test results

Soluble arsenic and valence arsenic AsC,
AsB, Aslil, DMA, MMA, and AsV in seven
batches of Huoxue Zhitong Capsules
were determined. Only Aslll was
detected in six valence arsenic (Chen and
Zhang, 2019)

The content of total arsenic in Jiegu Qi
tablets was determined. The linear range
of total arsenic mass concentration was
2.0-20.0 ng/ml (r = 0.9992). The
detection limit was 0.0016 ng/ml. The
recovery was 98.23%-99.95%, and the
RSD was less than 3.5% 25% (1 = 3).
AsB, ASC, MMA, DMA, As Ill, and As V
have good linear relationship (- > 0.999),
the detection limit is 0.0029-0.0103 ng/
m, the recovery is 89.15%-95.5% 89%,
and RSD is less than 7.14% (n = 3). Jiegu
Qilitablet contains MMA, DMA, As Il and
As V, in which the content of As V/is the
highest, followed by As Ill, and a small
amount of MMA and DMA (Zhu et al.,
2020)

The detection limits of AsB, DMA, As Il
MMA, and As V were 0.05, 0.05, 0.08,
0.10, and 0.10 pg/L, respectively. Linear
correlation coefficient A% > 0.999. The
recovery was 86.3%-109.2%, and the
RSD was less than 5% (Chen et al., 2017)
The contents of Cr (Ill) and Cr (VI) in
Xiaoer Kechuanling granules were
determined. Cr (Il and Cr (V1) were i the
range of 5-100 ugg™", r > 0.999, the
recovery of Cr (Vi) was 82.1%-90.4%.
The recovery of Cr (I was
94.1%-95.2%. Cr (VI) was detected in
eight batches of samples, the detection
value was 0. 027-0. 082 g™, the
average value is 0.051 pg-g™", the
detected value of Cr (Ill is
5.775-18.743 ug.g”', and the average
valueis 10.366 Lig-g™" (Chen etal., 20201





