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Abstract: Toxic Chinese medicines constitute a significant component of the traditional Chinese medicine
system. Taking aristolochic acid-containing herbs as an example, their clinical application and industrial
development face severe challenges due to safety incidents caused by aristolochic acid-containing components. The
Pharmacopoeia of the People's Republic of China has deleted relevant varieties based on drug safety considerations,
which, while mitigating medication risks, also results in the waste of medicinal resources. Existing methods such as
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processing and combination therapy also have limitations in reducing the toxicity of these herbs, including limited
efficacy and difficulties in standardizing processes, making it challenging to balance toxicity control with the
preservation of pharmacological effects. Based on this, this paper systematically reviews the deletion of herbal
materials and proprietary Chinese medicine formulations from the last five editions of the Chinese Pharmacopoeia,
summarizing the medicinal value and controversies surrounding herbs derived from the Aristolochia genus, the
toxic mechanisms of aristolochic acid, and existing detoxification methods along with their limitations. Addressing
these limitations, this paper proposes application strategies for gene editing, enzyme engineering, and fermentation
engineering in reducing the toxicity of Aristolochia and other Chinese medicinal herbs, from the perspective of
modern biotechnology, and explores new pathways for the precise regulation of the synthesis and degradation of
toxic components. Compared with traditional detoxification methods, the use of modern biotechnology holds
promise for precisely regulating the synthesis or degradation of toxic components, thereby reducing toxicity while
preserving the overall therapeutic efficacy of the herbal materials, with the aim of achieving "detoxification while
preserving efficacy". Future efforts should be intensified to verify the botanical sources of toxic Chinese herbal
medicines, elucidate the biosynthetic pathways of toxic components, and investigate their toxic mechanisms.
Additionally, the development and utilization of toxic Chinese herbal resources should be advanced to promote the
high-quality development of traditional Chinese medicine through inheritance, innovation, modernization, and
internationalization.
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Table 1

Chinese Pharmacopoeia and reasons

Reductions in traditional Chinese medicinal materials and Chinese patent medicine varieties across the past five editions of the

Edition of the Deletion and revision of . L .
. . . Deletion and revision of Chinese . ..
Chinese traditional Chinese L. L. Reasons for deletion and revision
. L. . L patent medicine varieties
Pharmacopoeia medicinal materials varieties
2005 Caulis Aristolochiae All proprietary preparations containing Caulis Based on high attention to drug safety and

Manshuriensis, Radix Aristolochiae
Fangchi, Radix Aristolochiae!”, the
medicinal part of Herba Asari was
revised from "whole herb" to "root
and rhizome

n[8]

Aristolochiae Manshuriensis, Radix Aristolochiae
Fangchi, or Radix Aristolochiae were uniformly
replaced with Caulis Akebiae (Lardizabalaceae),
Radix Stephaniae Tetrandrae (Menispermaceae),
and Radix Inulae (Asteraceae)™

Pediatric Diarrhea External Powder, Shengxue
Wan, Ankun Zanyu Wan, Heche Dazao Wan,

Bushen Guchi Wan, Yixuesheng Capsule'"!

[14]

2010 None!"” None!'”!

2015 Hominis Placenta""

2020 Frucutus Aristolochiae, Herba Huanglian Yanggan Wan
Aristolochiae, Manis Squamal'*!

2025 None"”

Jiusheng San, Rongshuan Zaizao Wan, Xiaoying
Wan, Wanling Wuxiang Gao, Guiling Ji, Tongru
Keli, Zhisou Huatan Wan, Awen Huatan Gao,
Tongpian Pian, Zaizao Wan, Badu Gao, Tongbi
Jiaonang, Zhuye Datan Wan, Jinpu Jiaonang,
Shexiang Naimaikang Jiaonang, Yangdan Wan,
Huixiang Juhe Wan, Fuke Tongjing Wan, Huhun

consideration of potential risks of
hepatorenal toxicity™

No variety deletion was made in Volume I
of this edition of the Pharmacopoeia
Based on considerations of safety,
efficacy, quality controllability!* and
protection of endangered species"*!

Based on considerations of wild
resources, ethical issues!"™ and the results
of special studies on the dose-effect
relationship of traditional Chinese
medicine components and toxicity!

No longer include Chinese patent
medicines using wild endangered animals
and plants as raw materials, Chinese
patent medicines that have not been used
clinically for a long time without approval
numbers, and Chinese patent medicines
with potential safety issues!"

Wine!'”!
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Figure 2 Toxic mechanism of aristolochic acid. RETCs: Renal tubular epithelial cells; AA-I: Aristolochic acid I; ROS: Reactive oxygen

species; RNS: Reactive nitrogen species
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Figure 3 Biosynthetic pathway of aristolochic acids. Red indicates substances with clear toxicity or carcinogenicity. Orange indicates

compounds that are biologically active in nature, but may pose a risk of toxic reactions if excessively ingested or when interacting with phar-

maceutical drugs. TyrAT: Tyrosine aminotransferase; TYDC: Tyrosine decarboxylase; TH: Tyrosine hydroxylase; 4HPPDC: 4-Hydroxyphen-

ylacetaldehyde decarboxylase; 30Hase: Tyrosine 3-hydroxylase; DODC: Dihydroxyphenylacetaldehyde decarboxylase; DHPAAS: 3, 4-

Dihydroxyphenylacetaldehyde synthase; HPAA: Dihydroxyphenylacetaldehyde; NCS: Norcoclaurine synthase; OMT: O-Methyltransferase;
CNMT: Coclaurine N-methyltransferase; NMCH: N-Methylcoclaurine 3'-hydroxylase
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Figure 4 The application prospects of modern biotechnology in toxic traditional Chinese medicine
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