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达沙替尼的合成工艺优化···························王洪刚，费  凡，张乃华，潘高峰，张贵民*
Improved Synthetic Process of Dasatinib····································································
················································WANG H G, FEI F, ZHANG N H, PAN G F, ZHANG G M*
DOI：10.16522/j.cnki.cjph.2019.12.005
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The purity of the product was 99.95%, and the total yield was 83.16% 
(based on 2).The improved process had been verified by pilot test.

This process avoided this double substituted impuritiy in the 
conventional process.
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(S)-2-[(芴甲氧羰基)氨基]-5-[(叔丁氧羰基)氨基]-4,4-二氟戊酸的合成··························
····················································································王  迪，刘海侠，傅  磊*
Synthesis of (S)-2-[(Fluorenylmethoxycarbonyl)amino]-5-[(tert-butoxycarbonyl)amino]-4,4-
difluoropentanoic acid···························································WANG D, LIU H X, FU L*
DOI：10.16522/j.cnki.cjph.2019.12.006
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5- 氯-2-(3- 氯甲基-1,2,4- 三唑-4- 基) 二苯酮氯乙酸盐的合成·········································
····························································范  钢，仲  慧，高浩凌，卢时湧，钱秀萍*
Synthesis of 5-Chloro-2-(3-chloromethyl-1,2,4-triazol-4-yl)dibenzophenone Chloroacetate·········
··························································FAN G, ZHONG H, GAO H L, LU S Y, QIAN X P*
DOI：10.16522/j.cnki.cjph.2019.12.007
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邻氨基苯甲酸对达托霉素发酵的影响············徐  鲁，卢雪欢，张建斌，李继安，林惠敏*
Effect of Anthranilic Acid on Fermentation of Daptomycin··············································
·······························································XU L, LU X H, ZHANG J B, LI J A, LIN H M*
DOI：10.16522/j.cnki.cjph.2019.12.008
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CD47 胞外区蛋白的真核表达与多克隆抗体的制备······················································
····························································朱中松，赵丽丽，王玲玲，张贵民，刘  忠*
Eukaryotic Expression of CD47 Extracellular Domain Protein and Preparation of Polyclonal Antibody
····················································ZHU Z S, ZHAO L L, WANG L L, ZHANG G M, LIU Z*
DOI：10.16522/j.cnki.cjph.2019.12.009
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大孔树脂-正相硅胶柱色谱法制备闹羊花二萜有效部位·················································
····························································姚禹民，房  鑫，张继全，阮克锋，梁  爽*
Preparation of Diterpenoid Fraction from Fruits of Rhododendron molle G. Don by Macroporous 
Resin Combined with Normal-phase Silica Gel Column Chromatography·······························
····················································YAO Y M, FANG X, ZHANG J Q, RUAN K F, LIANG S*
DOI：10.16522/j.cnki.cjph.2019.12.010
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It is the first time to report the preparation process of diterpenoid fraction from fruits of Rhododendron 
molle G. Don which takes rhodojaponin Ⅲ & Ⅳ as the indexes with purity no less than 50%.
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琥珀布考固体分散体的制备及其Beagle犬体内药物动力学研究······································
····························································王  菁，王  瑶，张  磊，张志文，李又欣*
Preparation of Succinobucol Solid Dispersion and Its Pharmacokinetics in Beagle Dogs··············
·······················································WANG J, WANG Y, ZHANG L, ZHANG Z W, LI Y X*
DOI：10.16522/j.cnki.cjph.2019.12.011
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蛋白药物相转化微针的浸泡吸附制备法·····················董晓陶，吴  飞，尹  芹，金  拓*
Phase-transition Microneedle Patches Loaded with Protein Drugs via Impregnation··················
··············································································DONG X T, WU F, YIN Q, JIN T*
DOI：10.16522/j.cnki.cjph.2019.12.012
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ERP+CSV在制药企业中的实施应用··············陆振宇，徐秀卉，徐  蓉，沈  忱*，章欢明
Implementation and Application of ERP&CSV in Pharmaceutical Manufacturers····················
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DOI：10.16522/j.cnki.cjph.2019.12.019

Application
pharmaceutical

industry
of ERP-SAP

Material Management
&

Sales and Distribution

Quality Control &
Production Planning

Finance
&

Controlling

Plant Maintenance 

Application pharmaceutical industry of ERP-SAP

·药学管理与信息(Pharmaceutical Management & Information)·

我国医药产业供给侧结构性改革的对策分析····················································丁一磊
Countermeasure Analysis of Supply-side Structural Reform of Chinese Pharmaceutical Industry  
··········································································································DING Y L
DOI：10.16522/j.cnki.cjph.2019.12.020

典型发达国家药品上市价值评估的分析及应用························颜建周，雷璐倩，邵  蓉*
Analysis and Application of Drug Market Value Assessment in Typical Developed Countries·······
····················································································YAN J Z, LEI L Q, SHAO R*
DOI：10.16522/j.cnki.cjph.2019.12.021

分析国家药品集中采购和使用试点政策对我国仿制药企业的影响··························王  成
Analysis of the Impact of National Pilot Policies on Centralized Drug Procurement and Use on 
Generic Pharmaceutical Enterprises in China·····················································WANG C
DOI：10.16522/j.cnki.cjph.2019.12.022

CAR-T疗法的研发现状与展望·······································································杜  璇
Development Status and Prospects of Chimeric Antigen Receptor T Cell(CAR-T)Therapy···DU X
DOI：10.16522/j.cnki.cjph.2019.12.023

2019 年前三季度我国医药工业经济运行情况分析····················郭  文，钟一鸣，周  斌*
Economic Operation of Chinese Pharmaceutical Industry from January to September 2019·········· 
··············································································GUO W, ZHONG Y M, ZHOU B*
DOI：10.16522/j.cnki.cjph.2019.12.024

·其他·

《中国医药工业杂志》2018 年度索引(1537)

 广告索引(1426) 

《中国医药工业杂志》向审稿专家致谢(1404)

1498

1509

1514

1519

1524

1530



中国医药工业杂志
ZHONGGUO YIYAO GONGYE ZAZHI

(月刊，1970年11月创刊)

2019年第50卷  第12期  12月10日出版

版权所有

Monthly (Founded in 1970)
Vol.50  No.12  December 10, 2019

©All Rights Reserved

主       管

主       办

协       办

总 编 辑

副 总 编 辑

责 任 编 辑

出 版 单 位

编 辑 部 地 址

电 话

传 真

电 子 邮 件

网 址

广告发行联系

电 话

传 真

电 子 邮 件

印 刷

发 行 范 围

国 内 发 行

国 外 发 行

国 内 订 阅

上海医药工业研究院

上海医药工业研究院

中国药学会

中国化学制药工业协会

浙江海正集团有限公司

上海数图健康医药科技有限公司

山东罗欣药业集团股份有限公司

楚天科技股份有限公司

鲁南制药集团股份有限公司

广东东阳光药业有限公司

周伟澄

黄志红，刘玲玲

王  盈，刘玲玲

《中国医药工业杂志》编辑部

上海市北京西路1320号(200040)
021-62793151

021-62473200

cjph@pharmadl.com

www.cjph.com.cn

www.pharmadl.com

021-62126987, 62473200

021-62473200

ouyy@pharmadl.com

上海欧阳印刷厂有限公司

公开发行

上海市报刊发行局

中国国际图书贸易集团有限公司

(北京399信箱，100044)

全国各地邮政局

国内邮发代号 4-205
国外邮发代号 M6070

ISSN 1001-8255
CN 31-1243/R

Shanghai Institute of Pharmaceutical Industry

Shanghai Institute of Pharmaceutical Industry

Chinese Pharmaceutical Association

China Pharmaceutical Industry Association

Zhejiang Hisun Group Co., Ltd.

China Pharmadl (Shanghai) Co., Ltd.

Shandong Luoxin Pharmaceutical Group Stock Co., Ltd.

Truking Technology Limited 

Lunan Pharmaceutical Group Co., Ltd.

Sunshine Lake Pharma Co., Ltd., HEC Pharma Group

ZHOU Weicheng

HUANG Zhihong, LIU Lingling

WANG Ying, LIU Lingling

Editorial Board of Chinese Journal of Pharmaceuticals

1320 Beijing Road(W), Shanghai 200040, China

0 086-21-62793151

0 086-21-62473200

cjph@pharmadl.com

http://www.cjph.com.cn

http://www.pharmadl.com

021-62126987, 62473200

021-62473200

ouyy@pharmadl.com

Shanghai Ouyang Printing Co., Ltd.

Local Post Office

China International Book Trading Corporation

(P.O.Box 399, Beijing 100044, China)

Director

Sponsor

Assist Sponsor

Managing Editor

Associate Managing Editor

Executive Editor

Editor by

Address for Foreign Subscriber

Tel

Fax

E-mail

Web Site

Tel

Fax

E-mail

Printed by 

Domestic Distributed by

Abroad Distributed by

微博：weibo.com/cjph微信号：cjph-cjph

* 通信联系人；如为第一作者则不加“*”号。征稿简则刊登于当年第1期   *To whom correspondence should be addressed

[期刊基本参数] CN 31-1243/R *1970*m*A4*170*zh*P*20.00* *24*2019-12
2019年版权归《中国医药工业杂志》编辑部所有，除非特别声明，本刊刊出的所有文章不代表本刊编委会的观点。

CODEN：ZYGZEA
国内定价：每册 20.00 元



《中国医药工业杂志》第十六届编辑委员会
EDITORIAL BOARD OF《CHINESE JOURNAL OF PHARMACEUTICALS》

(以姓名拼音为序)

名誉主编(HONORARY EDITOR-IN-CHIEF)
桑国卫*(SANG Guowei)
主任编委(EDITOR-IN-CHIEF)
陈芬儿*(CHEN Fener)
顾问(CONSULTANT)
白  骅(BAI Hua) 陈凯先*(CHEN Kaixian) 丁  健*(DING Jian) 侯惠民*(HOU Huimin)
蒋建东(JIANG Jiandong) 孔德云(KONG Deyun) 李绍顺(LI Shaoshun) 沈竞康(SHEN Jingkang)
王广基*(WANG Guangji) 吴晓明(WU Xiaoming) 杨胜利*(YANG Shengli) 朱宝泉(ZHU Baoquan)
副主任编委(ASSOCIATE EDITOR-IN-CHIEF)(△常务副主任编委)
陈  兵(CHEN Bing) 陈代杰△(CHEN Daijie) 陈桂良(CHEN Guiliang) 胡文浩(HU Wenhao)
李明华(LI Minghua) 林剑秋(LIN Jianqiu) 潘广成(PAN Guangcheng) 唐  岳(TANG Yue)
王  浩△(WANG Hao) 王军志*(WANG Junzhi) 魏宝康(WEI Baokang) 杨  超(YANG Chao)
张贵民(ZHANG Guimin) 张  霁(ZHANG Ji) 张万斌(ZHANG Wanbin) 张绪穆(ZHANG Xumu)
周  斌(ZHOU Bin) 周伟澄△(ZHOU Weicheng) 朱建伟(ZHU Jianwei)
编委(MEMBER OF THE EDITORIAL BOARD)
蔡正艳(CAI Zhengyan) 常  艳(CHANG Yan) 陈少欣(CHEN Shaoxin) 陈笑艳(CHEN Xiaoyan)
程卯生(CHENG Maosheng) 邓卫平(DENG Weiping) 丁锦希(DING Jinxi) 董  琳(DONG Lin)
范代娣(FAN Daidi) 方  浩(FANG Hao) 冯  军(FENG Jun) 傅  磊(FU Lei)
甘  勇(GAN Yong) 干荣富(GAN Rongfu) 古双喜(GU Shuangxi) 郭  文(GUO Wen)
何  军(HE Jun) 何  菱(HE Ling) 何严萍(HE Yanping) 胡海峰(HU Haifeng)
胡又佳(HU Youjia) 黄则度(HUANG Zedu) 黄志红(HUANG Zhihong) 金  拓(JIN Tuo)
李范珠(LI Fanzhu) 李建其(LI Jianqi) 李三鸣(LI Sanming) 刘东飞(LIU Dongfei)
刘玲玲(LIU Lingling) 刘新泳(LIU Xinyong) 刘  忠(LIU Zhong) 柳  红(LIU Hong)
龙亚秋(LONG Yaqiu) 卢  懿(LU Yi) 陆伟根(LU Weigen) 陆伟跃(LU Weiyue)
罗国强(LUO Guoqiang) 罗一斌(LUO Yibin) 吕  扬(LÜ Yang) 马  璟(MA Jing)
潘红娟(PAN Hongjuan) 潘卫三(PAN Weisan) 朴虎日(PIAO Huri) 邵  蓉(SHAO Rong)
沈  琦(SHEN Qi) 宋秋玲(SONG Qiuling) 苏为科(SU Weike) 孙会敏(SUN Huimin)
孙小强(SUN Xiaoqiang) 孙  逊(SUN Xun) 汤  磊(TANG Lei) 陶  涛(TAO Tao)
涂家生(TU Jiasheng) 涂  涛(TU Tao) 屠永锐(TU Yongrui) 王建新(WANG Jianxin)
王  健(WANG Jian) 王  旻(WANG Min) 王全瑞(WANG Quanrui) 王  彦(WANG Yan)
王玉成(WANG Yucheng) 吴传斌(WU Chuanbin) 吴  彤(WU Tong) 吴  伟(WU Wei)
吴  勇(WU Yong) 吴勇琪(WU Yongqi) 杨立荣(YANG Lirong) 杨  明(YANG Ming)
杨苏蓓(YANG Subei) 杨玉社(YANG Yushe) 殷  明(YIN Ming) 尤启冬(YOU Qidong)
张福利(ZHANG Fuli) 张启明(ZHANG Qiming) 张庆伟(ZHANG Qingwei) 张庆文(ZHANG Qingwen)
张卫东(ZHANG Weidong) 张英俊(ZHANG Yingjun) 张志荣(ZHANG Zhirong) 赵临襄(ZHAO Linxiang)
赵文杰(ZHAO Wenjie) 郑高伟(ZHENG Gaowei) 郑起平(ZHENG Qiping) 钟大放(ZHONG Dafang)
钟为慧(ZHONG Weihui) 周虎臣(ZHOU Huchen) 周建平(ZHOU Jianping) 周一萌(ZHOU Yimeng)
朱建英(ZHU Jianying) 朱雪焱(ZHU Xueyan) 庄春林(ZHUANG Chunlin)

*院士

《中国医药工业杂志》编辑部成员(EDITORIAL STAFF)
总编辑(Managing Editor)：周伟澄(ZHOU Weicheng)
副总编辑(Associate Managing Editor)：黄志红(HUANG Zhihong)，刘玲玲(LIU Lingling)
责任编辑(Editor)：刘玲玲(LIU Lingling)(兼)，王   盈(WANG Ying)，许文倩(XU Wenqian)
美术编辑(Art Editor)：沈建成(SHEN Jiancheng)，陆燕玲(LU Yanling)，钱苗苗(QIAN Miaomiao)
编辑助理(Editorial Assistant)：韦旭华(WEI Xuhua)
广告、发行负责(Advertisement Manager)：刘敬岩(LIU Jingyan)，金   雷(JIN Lei)，欧阳怡(OUYANG Yi)



中国医药工业杂志  Chinese Journal of  Pharmaceuticals 2019, 50(12)                                           ·    ·1413

研究论文

1   Introduction
Romidepsin is a histone deacetylase inhibitor 

(HDACi)[1], approved by FDA for the treatment of 
recurrent T lymphocytic carcinoma[2-3] and peripheral 
T lymphocytic carcinoma[4]. The latest studies showed 
that romidepsin could activate the human latent HIV 

Isolation and Identification of Potential Impurities of Romidepsin
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(State Key Lab. of New Drug ＆ Pharmaceutical Process, Shanghai Institute of Pharmaceutical Industry, 

China State Institute of Pharmaceutical Industry, Shanghai 201203)

ABSTRACT: Romidepsin is an antitumor drug isolated from the fermentation broth of Chromobacterium violaceum 
NO.968. Seven impurities with the concentration range from 0.06％ to 0.23％ in romidepsin bulk drug were detected 
by HPLC. These impurities, named as Impurity-1, Impurity-2, Impurity-3, Impurity-4, Impurity-5, Impurity-6 and 
Impurity-7, were isolated from romidepsin bulk drug by reverse phase preparative HPLC. Their molecular structures were 
confirmed by 1D(1H, 13C, DEPT-135), 2D(HSQC, HMBC and 1H-1H COSY) NMR spectra and MS data. Compared with 
the chemical structure of romidepsin, Impurity-1 and Impurity-2 lacked two methyl groups at C-22 and C-17, respectively; 
Impurity-3, Impurity-4 and Impurity-5 lost one methyl group at C-22, C-17 and C-20, respectively; Impurity-6 contained 
a trisulfide bond and Impurity-7 possessed an additional methylene group at C-22. All these impurities might be the by-
products of the biosynthesis pathway of romidepsin and some key factors in the fermentation process that related to the 
formation of impurities were studied herein.
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罗米地辛潜在杂质的分离与鉴定
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摘要：罗米地辛是 1 种抗肿瘤抗生素，最初是从紫色色杆菌 (Chromobacterium violaceum)NO.968 中分离得到的。首先，

使用 HPLC 法对罗米地辛原料药进行分析，检测到 7 个杂质，含量 0.06％～ 0.23％。然后，通过反相制备液相获得以

上杂质，分别命名为杂质 -1、杂质 -2、杂质 -3、杂质 -4、杂质 -5、杂质 -6 和杂质 -7。最后，通过 1D( 1H、13C、DEPT-

135)、2D(HSQC、HMBC、1H-1H COSY) 核磁数据以及质谱数据确定上述杂质的化学结构。结果表明，杂质 -1 和杂质 -2

分别在 C-22 位和 C-17 位上比罗米地辛相应位置少 2 个甲基。杂质 -3、杂质 -4 和杂质 -5 分别在 C-22、C-17 和 C-20 位较

罗米地辛相应位置少 1 个甲基。杂质 -6 含有 1 个三硫键，而杂质 -7 在 C-22 位上比罗米地辛相应位置多 1 个亚甲基。这

些杂质可能是罗米地辛生物合成过程中的副产物，同时本研究对发酵过程中产生杂质的关键因素进行了考察。
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virus[5], and these findings provided new possibilities 
for HIV cure.

R o m i d e p s i n w a s f i r s t i s o l a t e d f r o m t h e 
fermentation broth of Chromobacterium violaceum 
NO.968[1], and its biosynthetic gene clusters were 
studied[6-8] . Similar gene clusters were found in 
other microorganisms such as Burkholderia and 
Pseudomonas, and led to the discovery of romidepsin 
derivatives like thailandepsins[9], spiruchostatins[10], 
and FR901375[11].

There is no report about the separation and 
identification of the impurities of romidepsin. In 
order to meet the drug safety requirements, any 
individual impurities with amount no less than 0.1％ 
must be identified. Unlike chemically synthesized 
drugs, romidepsin is derived from microorganisms 
which means most impurities may be by-products of 
the biosynthetic pathway of romidepsin and can be 
detected in the fermentation broth of C. violaceum 
NO.968.

Romidepsin bulk drug was obtained in Section 
"2.5" of this study and the separation process was 
described in the previous report[1]. Seven impurities 
in the concentration range of 0.06％ - 0.23％ were 
detected in the romidepsin bulk drug by HPLC. In this 
paper, we reported identification, isolation, structure 
elucidation of impurities of romidepsin. The conditions 
for the formation of impurities were studied, and 
guidance was provided for the development of high 
quality romidepsin bulk drug.
2   Experimental Method
2.1   Strains

A bacterium strain used in the experiment was 
C. violaceum NO.968(NO. FERM BP-1968, from 
IPODa)[1,6].
2.2   Materials and Reagents

HPLC grade acetonitrile was purchased from 
Fisher Scientific International Inc.(Pittsburgh, 

American) . Deionized water was purchased from 
Wahaha Group Co., Ltd.(Hangzhou, China). AR grade 
cyclohexane, ethyl acetate, isopropanol, methanol, L-
cysteine, L-arginine, and KH2PO4 were purchased from 
Sinopharm Chemical Reagent Co., Ltd.(Shanghai, 
China). Chemical grade glucose, corn starch, beef 
extract, casein, mannitol, and corn syrup were 
purchased from Sinopharm Chemical Reagent Co., 
Ltd.(Shanghai, China). CDCl3 was purchased from 
Cambridge Isotope Laboratories, Inc.(Andover, MA, 
USA).
2.3   High Performance Liquid Chromatography 

(HPLC) Method
An HPLC method was performed by using a 

Waters 515 pump with a Waters 2487 detector(Waters 
Corp., Milford, MA, USA). A Waters Symmetry C18 
column(3.9 mm×150 mm, 5.0 µm particle size) was 
employed by maintaining temperature at 30 ℃ . The 
mobile phase consisted of water and acetonitrile at the 
ratio of 65 ∶ 35(v/v). The flow rate was maintained 
at 1 ml/min with UV detection wavelength of 210 nm. 
The fermentation broth sample was prepared as 
follows: 0.5 ml of acetone was added to 0.5 ml of 
fermentation broth, and the mixture was soaked for 2 h, 
then centrifuged at 12 000×g for 5 min. The injection 
volume was 5 µl. The impurities and romidepsin were 
dissolved in acetonitrile, then the solution was filtered 
through 0.22 µm membrane. The injection volume was 
5 µl. 
2.4   Mass and NMR Spectroscopies

Mass spectra were recorded on Waters Alliance 

(2695/2487) Q-Tof micro mass spectrometer(Waters 
Corp., Milford, MA, USA) . NMR spectra were 
recorded on Bruker AV-400 NMR spectrometer 
operating at 400 MHz for 1H NMR and 100 MHz 
for 13C NMR us ing CDCl 3 as the so lvent and 
tetramethylsilane(TMS) as the internal standard. 
DEPT spectral editing was used to identify methyl and 
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methine groups as positive peaks and methylene groups 
as negative peaks. 2D NMR(HSQC, HMBC and 1H-
1H COSY) experiments were also performed using the 
same instrument and in same solvent for the assignment 
of the related chemical shift values of impurities. 
2.5   Fermentation

The bacterial strain was cultured on nutrient agar 

(Bio-way technology Co., Shanghai, China) at 30 ℃ 
for 24 h. The seed from above was inoculated into a 
750 ml Erlenmeyer flask containing 100 ml of sterile 
seed liquid medium containing 20 g/L peptone, 20 g/L 
glucose, and cultured on a rotary shaker (250 r/min at 
30 ℃ for 16 h. Fermentation was performed in a FUS-
50L(A) fermentor(National Center of Bio-Engineering 
& Technology, Shanghai, China) containing 30 L of 
fermentation culture medium[30 g/L glucose, 10 g/L
starch, 20 g/L mannitol, 10 g/L casein, 8 g/L beef 
extract, 6 g/L KH2PO4, 2 g/L cysteine, 4 g/L soybean 
oil, 1 g/L (NH4)2SO4, 2 g/L CaCO3, pH 5.5, namely 
Medium A]. The fermentor was inoculated with 2％ of 
the seed culture and maintained on a 200 r/min rotary 
shaker at 25 ℃ for 60 h. 
2.6   Isolation and Purification

Romidepsin bulk drug was dissolved in methanol 
and then used for the isolation of impurities by 
preparative HPLC. Experiments were performed on 
the Elite P270 instrument(Elite Analytical Instruments 
Co., Ltd., Dalian, China) equipped with Elite UV 
230+ detector(Elite Analytical  Technologies Co., 
Ltd., Tianjin, China) for separation. The mobile phase 
consisted of water, acetonitrile and methanol at a 
volume ratio of 70 ∶ 20 ∶ 10. The flow rate was kept 
at 40 ml/min at the detection wavelength of 210 nm.
2.7   Formation of Impurities
2.7.1  Impurity-1, Impurity-2, Impurity-3 and 
Impurity-4

Medium B was prepared by adding (NH4)2CO3 
instead of (NH4) 2SO4 in Medium A, and other 

ingredients were unchanged. Inoculate 2％ of the 
seed culture(Section "2.5") into a 250 ml Erlenmeyer 
flask containing 30 ml of Medium A and Medium B, 
respectively, and maintain on a 250 r/min rotary shaker 
at 25 ℃ for 48 h. The fermentation broth was analyzed 
by HPLC to examine the impact of (NH4)2CO3 on the 
formation of romidepsin and the impurities.
2.7.2   Impurity-6

Fermenta t ion was performed in a 250 ml 
Erlenmeyer flask containing 30 ml of Medium A. The 
fermentation medium was inoculated with 2％ of the 
seed culture and maintained on a 250 r/min rotary 
shaker at 25, 28 and 30 ℃ , respectively, for 48 h. 
The fermentation broth was analyzed by HPLC to 
examine the impact of temperature on the formation of 
Impurity-6.
3   Results and Discussion
3.1   Detection of Impurities by HPLC

The romidepsin bulk drug was analyzed by HPLC 
method as described in Section "2.3", disclosed the 
presence of romidepsin(RT=8.33 min, RRT=1.00) 
along with seven impurities, named as Impurity-1 

(RT=3.72 min, RRT=0.45), Impurity-2(RT=4.86 min, 
RRT=0.58), Impurity-3(RT=5.66 min, RRT=0.68), 
Impurity-4(RT=6.35 min, RRT=0.76) , Impurity-
5(RT=9.77 min, RRT=1.17), Impurity-6(RT=13.37 min, 
R RT= 1 . 6 1) an d I mp u r i t y - 7( RT=1 4 . 1 7 min , 
RRT=1.70) , r espec t ive ly. The typ ica l HPLC 
chromatogram of romidepsin bulk drug was shown in 
Fig.1A. In this sample, the HPLC purity of romidepsin 
was 98.59％ , and the contents of Impurities 1 - 7 were 
0.23％ , 0.14％ , 0.12％ , 0.10％ , 0.22％ , 0.06％ and 
0.10％ , respectively. The isolated impurities were co-
injected with romidepsin to confirm the identity of the 
impurities based on retention matching (Fig.1B).
3.2   Structure Elucidation

The isolated impurities and romidepsin were 
subjected to MS and NMR spectroscopic analysis. 
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Structures of romidepsin and its impurities were 
shown in Fig.2. The NMR(13C, DEPT and 1H) data 
of romidepsin and Impurities 1 - 7 were presented in 
Tab.1 - Tab.4, respectively. The key HMBC and 1H-
1H COSY correlations of impurities were described in 
Fig.3.
3.2.1   Impurity-1

Impurity-1 was obtained as a white amorphous 
powder. Its molecular formula was determined as 
C22H32O6N4S2 from the [M+H]+ peak at m/z 513.184 6

(calculated 513.184 2 for C22H33O6N4S2) in HRESIMS 
spectrum.

The 13C and 1H NMR data(Tab.1 and Tab.2) of 
Impurity-1 were similar to those of romidepsin. Based 
on detailed analysis of the above data, it was found 
two methyl groups(δC 19.75, δH 1.13 and δC 19.51, 

δH 1.11) , which connected to C-22 in romidepsin, 
were absent in Impurity-1. The 13C NMR and DEPT 
spectra of Impurity-1 indicated the presence of 
the new methyl carbon signal of C-22(δC 15.8) , 
accompany with the absence of the methine carbon(δC 
29.2), when compared with that of romidepsin. The 
HMBC correlation from H3-22(δH 1.54) to C-13(δC 

52.0) , together with 1H- 1H COSY correlat ion 
between H3-22(δH 1.54) and H-13(δH 4.29 - 4.35)
(Fig.3) suggested that one methyl group at C-13 in 
Impurity-1, compared with the isopropyl group in that 
of romidepsin. Accordingly, the chemical structure of 
Impurity-1 was assigned(Fig.2).
3.2.2   Impurity-2

Impurity-2 was obtained as a white amorphous 
powder. Its molecular formula was determined as 
C22H32O6N4S2 from the [M+H]+ peak at m/z 513.184 2

(calculated 513.184 2 for C22H33O6N4S2) in HRESIMS 
spectrum.

The 13C and 1H NMR data(Tab.1 and Tab.2) of 
Impurity-2 were similar to those of romidepsin except 
for the absent signals corresponding to two methyl 
groups(δC 18.53, δH 1.02 and δC 18.41, δH 0.99) at 
C-17. The 13C NMR and DEPT spectra of Impurity-2 
showed that the C-17 was a methyl carbon(δC 18.0), 
compared with the methine carbon(δC 32.3) in that 
of romidepsin. The HMBC correlation from H3-17(δH 

1.50) to C-7(δC 49.1) and 1H-1H COSY correlation 
between H3-17(δH 1.50) and H-7(δH 4.62 - 4.69)
(Fig.3) showing that one methyl group at C-7 in 
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Fig.1   HPLC Chromatograms of Romidepsin Bulk Drug Sample(A) and
Romidepsin Bulk Drug with Seven Impurities (B)

图 1   罗米地辛原料药 (A)以及罗米地辛原料药混合 7 个杂质 (B)的 HPLC 图谱
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Impurity-1, compared with the isopropyl group in that 
of romidepsin. Therefore, the structure of Impurity-2 
was assigned(Fig.2). 
3.2.3   Impurity-3

Impurity-3 was obtained as a white amorphous 
powder. The molecular formula was determined 
as C23H34O6N4S2 f rom the [M+H] + peak at m /z 
527.200 2(calculated 527.199 8 for C23H35O6N4S2) in 
HRESIMS spectrum.

The 13C and 1H NMR data(Tab.1 and Tab.2) of 
Impurity-3 were similar to those of romidepsin with 
an apparent difference being the absence of a methyl 
group at C-22. The 13C NMR spectrum of Impurity-3 
revealed an additional methylene carbon signal(δC 
29.2) determined to be C-22, coupled with the 
disappearance of a methine carbon signal(δC 24.0), 
when compared with that of romidepsin. HMBC 
correlations(Fig.3) from H2-22(δH 1.78 - 1.84, 1.96 -
2.06) to C-23(δC 11.3) and from H3-23(δH 1.11) 
to C-22(δC 24.0) revealed only one methyl group 
connected to C-22 in Impurity-3, compared with 
two methyl groups in that of romidepsin. Based on 
the above analysis, the structure of Impurity-3 was 
assigned (Fig.2).
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Tab.1   13C NMR Data of Romidepsin, Impurity-1, 
Impurity-2 and Impurity-3 in CDCl3 (100 MHz)
表 1   罗米地辛、杂质 -1、杂质 -2 和杂质 -3 的

碳谱数据 (100 MHz, CDCl3)

Positiona δC/DEPT
Romidepsin Impurity-1 Impurity-2 Impurity-3

1 38.2/CH2 39.1/CH2 38.1/CH2 39.1/CH2

2 30.5/CH2 31.1/CH2 30.5/CH2 31.2/CH2

3 129.9/CH 130.7/CH 129.8/CH 130.5/CH
4 131.2/CH 131.6/CH 131.3/CH 132.0/CH
5 69.8/CH 69.6/CH 70.0/CH 69.5/CH
6 169.2/qC 169.1/qC 171.9/qC 169.3/qC
7 58.1/CH 58.0/CH 49.1/CH 58.08/CH
8 165.1/qC 165.0/qC 163.9/qC 164.9/qC
9 130.5/qC 130.5/qC 129.9/qC 130.6/qC

10 168.6/qC 168.9/qC 169.1/qC 168.9/qC
11 56.2/CH 56.1/CH 55.8/CH 56.1/CH
12 172.3/qC 173.5/qC 172.5/qC 172.9/qC
13 62.4/CH 52.0/CH 61.9/CH 58.11/CH
14 170.4/qC 169.6/qC 170.1/qC 169.8/qC
15 38.1/CH2 37.2/CH2 37.2/CH2 38.0/CH2

16 34.1/CH2 34.0/CH2 33.6/CH2 34.2/CH2

17 32.3/CH 32.4/CH 18.0/CH3 32.5/CH
18 18.5/CH3 18.4/CH3 130.2/CH 18.7/CH3

19 18.4/CH3 18.7/CH3 13.1/CH3 18.6/CH3

20 128.6/CH 128.6/CH 29.2/CH 128.9/CH
21 13.2/CH3 13.0/CH3 19.5/CH3 13.2/CH3

22 29.2/CH 15.8/CH3 19.6/CH3 24.0/CH2

23 19.8/CH3 11.3/CH3

24 19.5/CH3

a Refer chemical structure in Fig.2 for numbering romidepsin and 
impurities.

Fig.2   Structures of Romidepsin and Its Impurities
图 2   罗米地辛及其相关杂质的化学结构式
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Tab.2   1H NMR Data of Romidepsin, Impurity-1, Impurity-2 and Impurity-3 in CDCl3(400 MHz)
表 2   罗米地辛、杂质 -1、杂质 -2 和杂质 -3 的氢谱数据 (400 MHz, CDCl3)

Positiona δH

Romidepsin Impurity-1 Impurity-2 Impurity-3

1
2.95～3.02(m, 1H), 
3.10～3.15(m, 1H) 

2.94～2.98(m, 1H), 
3.17～3.20(m, 1H)

2.97～3.02(m, 1H), 
3.13～3.16(m, 1H)

2.92～2.98(m, 1H), 
3.14～3.17(m, 1H)

2 2.66～2.67(m, 2H) 2,73(br s, 2H) 2.65～2.72(m, 2H) 2.67～2.69(m, 2H)

3 5.77～5.84(m, 1H) 5.81～5.88(m, 1H) 5.78～5.80(m, 1H) 5.77～5.80(m, 1H)

4 5.70～5.73(m, 1H) 5.71～5.75(m, 1H) 5.76～5.77(m, 1H) 5.68～5.73(m, 1H)

5 5.74～5.76(m, 1H) 5.75～5.78(m, 1H) 5.68～5.70(m, 1H) 5.73～5.76(m, 1H)

7 4.61(dd, J=7.9, 3.7 Hz, 1H) 4.63(dd, J=8.0, 3.6 Hz, 1H) 4.62～4.69(m, 1H) 4.65(dd, J=8.0, 3.7 Hz, 1H)

11 4.73～4.79(m, 1H) 4.73～4.79(m, 1H) 4.77～4.83(m, 1H) 4.73～4.78(m, 1H)

13 4.05(dd, J=6.7, 4.4 Hz, 1H) 4.29～4.35(m, 1H) 4.12(dd, J=6.6, 5.2 Hz, 1H) 4.15～4.19(m, 1H)

15 2.78～2.80(m, 2H) 2.77～2.80(m, 2H)
2.60(d, J=13.4 Hz, 1H), 

3.04～3.09(m, 1H)

2.66～2.67(m, 1H), 
2.80～2.86(m, 1H)

16 3.17～3.22(m, 2H) 3.11～3.27(m, 2H)
3.14～3.18(m, 1H), 
3.26～3.33(m, 1H)

3.11～3.14(m, 1H), 
3.20～3.26(m, 1H)

17 2.38～2.46(m, 1H) 2.39～2.47(m, 1H) 1.50(d, J=6.8 Hz, 3H) 2.37～2.45(m, 1H)

18 1.02(d, J= 6.9 Hz, 3H) 1.04(d, J=6.9 Hz, 3H) 6.52～6.57(m, 1H) 1.02(d, J=6.9 Hz, 3H)

19 0.99(d, J=6.9 Hz, 3H) 1.01(d, J=6.9 Hz, 3H) 1.75(d, J=7.12 Hz, 3H) 0.99(d, J= 6.9 Hz, 3H)

20 6.31(q, J=7.1 Hz, 1H) 6.35(q, J=7.1 Hz, 1H) 2.20～2.29(m, 1H) 6.33～6.38(m,1H)

21 1.75(d, J=7.2 Hz, 3H) 1.76(d, J=7.1 Hz, 3H) 1.10(br s, 3H) 1.74(d, J=7.1 Hz, 3H)

22 2.21-2.29(m, 1H) 1.54(d, J=7.4 Hz, 3H) 1.12(br s, 3H)
1.78～1.84(m, 1H), 
1.96～2.06(m, 1H)

23 1.11(br s, 3H) 1.11(t, J=7.4 Hz, 3H)

24 1.13(br s, 3H)

1' 7.44(d, J=8.0 Hz, 1H) 7.28(d, J=8.2 Hz, 1H) 7.22(d, J=7.1 Hz, 1H) 7.15(d, J=8.0 Hz, 1H)

2' 8.39(s, 1H) 8.21(s, 1H) 8.23(s, 1H) 8.14(s, 1H)

3' 7.78(d, J=6.6 Hz, 1H) 7.67(d, J=7.1 Hz, 1H) 7.74(d, J=6.8 Hz, 1H) 7.65(d, J=7.0 Hz, 1H)

4' 7.1(d, J=4.5 Hz, 1H) 7.08(d, J=4.3 Hz, 1H) 6.47(d, J=5.3 Hz, 1H) 6.50(d, J=4.6 Hz, 1H)
a Refer chemical structure in Fig.2 for numbering romidepsin and impurities.

3.2.4   Impurity-4
Impurity-4 was obtained as a white amorphous 

powder. The molecular formula was determined 
as C 23H 34O 6N 4S 2 f rom the [M+H]+ peak a t m /z 
527.200 0(calculated 527.199 8 for C23H35O6N4S2) in 
HRESIMS spectrum.

The structure of Impurity-4 was similar to that 
of romidepsin, except that one methyl group was 
absent at C-17 in Impurity-4. The 13C NMR and DEPT 
spectra(Tab.3) of Impurity-4 indicated that C-17 was 
a methylene carbon(δC 24.9), compared with the 
methine carbon(δC 32.3) in romidepsin. 1H-1H COSY 
correlation(Fig.3) of H3-18(δH 0.94) with H2-17(δH 

1.90 - 2.00, 2.08 - 2.18) and HMBC correlation(Fig.3) 
from H2-17(δH 1.90 - 2.00, 2.08 - 2.18) to C-18(δC 
9.1) suggested that one methyl at C-17 in Impurity-4, 

compared wi th two methy l g roups in tha t o f 
romidepsin. Based on the spectra data, Impurity-4 was 
assigned(Fig.2).
3.2.5   Impurity-5

Impurity-5 was obtained as a colorless crystal. The 
molecular formula was determined as C23H34O6N4S2 

from the [M+H]+ peak at m/z 527.199 7(calculated 
527.199 8 for C23H35O6N4S2) in HRESIMS spectrum.

The 13C NMR and 1H NMR data of Impurity-5 
were shown in Tab.3 and Tab.4, respectively. Detail 
comparison of 1H and 13C NMR data of Impurity-5 with 
those of romidepsin revealed the structure similarity, 
except that a methyl group(δC 13.2, δH 1.75) at C-20 
was absent in Impurity-5. The 13C NMR data of 
Impurity-5 and romidepsin showed that the unsaturated 
methine carbon C-20(δC 128.6) in romidepsin was 
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from the [M+Na]+ peak at m/z 595.170 8(calculated 
595 .169 5 for C 24H 36O 6N 4S 3Na) in HRESIMS 
spectrum, which indicated an additional sulfur atom in 
the structure of Impurity-6 than that of romidepsin.

By comparison of 13C NMR data(Tab.3) of 
Impurity-6 with that of romdepsin, it was found that the 
chemical shift values, C-1, C-2, C-11 and C-16 varied 
widely. The chemical shift values of C-1, C-2, C-11 
and C-16 were δC 40.6, δC 29.0, δC 50.6 and δC 47.8, 
respectively, in Impurity-6 compared with δC 38.2, δC 
30.5, δC 56.2 and δC 34.1 in that of romidepsin. The 
extra sulfur atom could affect the chemical shift values 
of C-1, C-2, C-11 and C-16. By analyzing the structure 
of romidepsin, it was found that the group between 
C-1, C-2 and C-11, C-16 was the disulfide bond

(-S-S-). Based on the above spectral data, Impurity-6 
contained a trisulfide bond(-S-S-S-)(Fig.2) with other 
parts identical to that romidepsin. 
3.2.7   Impurity-7

Impurity-7 was obtained as a colorless crystal. The 
molecular formula was determined as C25H38O6N4S2 

from the [M+H]+ peak at m/z 555.231 5(calculated 
555.231 1 for C25H39O6N4S2) in HRESIMS spectrum.

The 13C and 1H NMR data(Tab.3 and Tab.4) of 
Impurity-7 indicated the presence of an additional 
methylene group(δC 26.2, δH 1.35 - 1.44, 1.52 - 1.58), 
when compared with those of romidepsin. HMBC 
correlations(Fig.3) from H2-24(δH 1.35 - 1.44, 1.52 - 
1.58) to C-22(δC 35.4) and C-25(δC 11.6), together 
with 1H-1H COSY correlations from H2-24(δH 1.35 -
1.44, 1.52 - 1.58) to H3-25(δH 0.94 - 0.96) and 
H-13(δH 4.23) indicated that the additional methylene 
group was connected between C-22 and C-25. Based 
on the above data, the structure of Impurity-7 was a 
romidepsin derivative with an additional methylene 
group(Fig.2).
3.3   Formation of Impurities

(NH4)2SO4 had been used as a nitrogen resource 

Tab.3   13C NMR Data of Impurity-4, Impurity-5, 
Impurity-6 and Impurity-7 in CDCl3 (100 MHz)

表 3   杂质 -4、杂质 -5、杂质 -6 和杂质 -7 的碳谱数据

(100 MHz, CDCl3)

Positiona δC/DEPT
Impurity-4 Impurity-5 Impurity-6 Impurity-7

1 37.9/CH2 37.2/CH2 40.6/CH2 38.1/CH2

2 30.4/CH2 29.2/CH2 29.0/CH2 30.2/CH2

3 129.7/CH 128.9/CH 129.9/CH 128.8/CH
4 131.3/CH 129.9/CH 132.7/CH 130.9/CH
5 69.6/CH 70.2 /CH 70.4/CH 69.9/CH
6 170.3/qC 169.8/qC 169.2/qC 169.1/qC
7 54.0/CH 57.4/CH 58.0/CH 58.2/CH
8 164.1/qC 165.1/qC 164.3/qC 165.1/qC
9 129.9/qC 136.1/qC 129.8/qC 130.5/qC

10 168.8/qC 169.0/qC 169.0/qC 168.7/qC
11 55.8/CH 59.3/CH 50.6/CH 56.7/CH
12 172.2/qC 172.2 /qC 172.5/qC 172.5/qC
13 62.0/CH 62.1/CH 63.0/CH 60.6/CH
14 169.9/qC 171.8/qC 170.2/qC 170.9/qC
15 38.1/CH2 38.0/CH2 40.5/CH2 38.3/CH2

16 33.8/CH2 35.4/CH2 47.8/CH2 34.5/CH2

17 24.9/CH2 31.4/CH 32.3/CH 32.3/CH
18 9.1/CH3 17.6/CH3 18.8/CH3 18.5/CH3

19 129.8/CH 19.1/CH3 18.5/CH3 18.4/CH3

20 13.1/CH3 111.3/CH2 132.0/CH 128.9/CH
21 29.3/CH 29.3/CH 13.4/CH3 13.3/CH3

22 19.6/CH3 18.9/CH3 29.8/CH 35.4/CH
23 19.6/CH3 19.3/CH3 20.1/CH3 16.1/CH3

24 19.6/CH3 26.2/CH2

25 11.6/CH3

a Refer chemical structure in Fig.2 for numbering romidepsin and 
impurities.

replaced by an unsaturated methylene carbon(δC 
111.3) in Impurity-5. Alternatively, the chemical 
shift value of C-9, which attached in C-20, was at δC 
136.1 compared with δC 130.5 in that of romidepsin. 
The HMBC correlation from H2-20(δH 5.66, 5.91) 
to C-9(δC 136.1) suggested that a methyl group was 
absent at C-20 in Impurity-5 when compared with that 
of romidepsin. The chemical structure of Impurity-5 
was very similar to that of romidepsin. In fact, the main 
difference between them was that the vinyl methyl 
group in romidepsin was disappeared in Impurity-5.
3.2.6   Impurity-6 

Impurity-6 was obtained as a colorless crystal. The 
molecular formula was determined as C24H36O6N4S3 
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Tab.4   1H NMR Data of Impurity-4, Impurity-5, Impurity-6 and Impurity-7 in CDCl3(400 MHz)
表 4   杂质 -4、杂质 -5、杂质 -6 和杂质 -7 的氢谱数据 (400 MHz, CDCl3)

Positiona δH

Impurity-4 Impurity-5 Impurity-6 Impurity-7

1
2.98～3.01(m, 1H), 
3.13～3.16(m, 1H)

2.97～3.02(m, 1H), 
3.07～3.09(m, 1H)

2.84～2.87(m, 1H), 
3.23～3.26(m, 1H)

2.97～3.09(m, 2H)

2 2.62～2.70(m, 2H)
2.52～2.56(m, 1H), 
2.64～2.69(m, 1H,)

2.54～2.57(m, 1H), 
2.69～2.73(m, 1H)

2.61～2.62(m, 2H)

3 5.76～5.77(m, 1H) 5.75～5.79(m, 1H) 5.72～5.75(m, 1H) 5.75～5.82(m, 1H)

4 5.78～5.80(m, 1H) 5.69～5.73(m, 1H) 5.81～5.82(m, 1H) 5.70～5.75(m, 1H)

5 5.75～5.76(m, 1H) 5.64(br s , 1H) 5.66～5.69(m, 1H) 5.70～5.72(m, 1H)

7 4.71(dd, J=7.3, 5.1 Hz, 1H) 4.78(dd, J=8.5, 3.4 Hz, 1H) 4.64(dd, J=8.2, 4.1 Hz, 1H) 4.61(dd, J=7.8, 3.6 Hz, 1H)

11 4.80～4.86(m, 1H) 4.52～4.57(m, 1H) 5.20～5.23(m, 1H) 4.77(q, J=7.7 Hz, 1H)

13 4.14(t, J=6.0 Hz, 1H) 3.99(t, J=4.3 Hz, 1H) 3.96～3.99(m, 1H) 4.23(t, J=5.1 Hz, 1H)

15
2.58(d, J=13.5 Hz, 1H), 

2.99～3.01(m, 1H)

2.76(d, J=13.7 Hz, 1H), 
2.85～2.86(m, 1H)

2.79～2.81(m, 1H), 
2.52～2.54(m, 1H)

2.76～2.82(m, 2H)

16
3.17～3.22(m, 1H), 
3.28～3.35(m, 1H)

2.94～2.97(m, 1H), 
3.00～3.04(m, 1H)

4.02～4.03(m, 1H), 
2.80～2.83(m, 1H)

3.17(d, J=8.1 Hz, 2H)

17
1.90～2.00(m, 1H), 
2.08～2.18(m, 1H)

2.44～2.49(m, 1H) 2.29～2.37(m, 1H) 2.35～2.45(m, 1H)

18 0.94(t, J=7.4 Hz, 3H) 0.95(d, J=6.9 Hz, 3H) 0.97(d, J=6.9 Hz, 3H) 0.97～0.99(m, 3H)

19 6.54(q, J=7.1 Hz, 1H) 0.99(d, J=6.9 Hz, 3H) 0.94(d, J=6.9 Hz, 3H) 1.01～1.04(m, 3H)

20 1.76(d, J=7.1 Hz, 3H) 5.66(s, 1H), 5.91(s, 1H) 6.61(q, J=7.1 Hz, 1H) 6.33(q, J=7.0 Hz, 1H)

21 2.22～2.30(m, 1H) 2.20～2.25(m, 1H) 1.68(d, J=7.2 Hz, 3H) 1.74(d, J=7.2 Hz, 1H)

22 1.13(d, J=1.8 Hz, 3H) 1.08(d, J=3.4 Hz, 3H) 2.14(br s,1H) 2.06～2.13(m, 1H)

23 1.14(d, J=1.8 Hz, 3H) 1.06(d, J=3.4 Hz, 3H) 1.06(d, J=6.5 Hz, 3H) 1.08～1.12(m, 3H)

24 1.08(d, J=6.5 Hz, 3H)
1.35～1.44(m, 1H), 
1.52～1.58(m, 1H)

25 0.94～0.96(m, 3H)

1' 7.19(d, J=8.0 Hz, 1H) 7.73(d, J=8.5 Hz, 1H) 7.22(d, J=8.2 Hz, 1H) 7.47(d, J=7.9 Hz, 1H)

2' 8.22(s, 1H) 7.95(s, 1H) 7.87(s, 1H) 8.32(s, 1H)

3' 7.74(d, J=6.8 Hz, 1H) 7.91(d, J=4.8 Hz, 1H) 7.15(d, J=9.1 Hz, 1H) 7.75(d, J=6.8 Hz, 1H)

4' 6.27(d, J=5.0 Hz, 1H) 7.26-7.27(m, 1H) 6.50(d, J=4.5 Hz, 1H) 7.19(d, J=4.5 Hz, 1H)
a Refer chemical structure in Fig. 2 for numbering romidepsin and impurities.

in the culture of C. violaceum NO.968 to produce 
romidepsin[12]. However, in this paper, it was found 
that (NH4) 2CO3 compared to (NH4) 2SO4  could 
significantly inhibited the formation of Impurity-1, 
Impurity-2, Impurity-3, Impurity-4 and Impurity-5. 
Impurity-1, Impurity-2, Impurity-3 and Impurity-4 
were hardly detected in the HPLC chromatogram of 
the fermentation broth when (NH4)2CO3 (Fig.4B) was 
used instead of (NH4)2SO4 (Fig.4A) in the media, 
moreover the yield of romidepsin was increased.

The formation of Impurity-6 was regulated by 
fermentation temperature, when the fermentation 
temperature was 28 ℃, the yield of Impurity-6 
increased by 429.7％ and that of romidepsin decreased 

by 67.7％, when compared with the fermentation 
temperature at 25 ℃(Fig.5). Based on the above data, 
the addition of (NH4)2CO3 to the medium and lower 
fermentation temperature could promote the yield of 
romidepsin while inhibit the formation of impurities.

However, the generation mechanism of impurities 
needed further studies and it was speculated that 
these impurities were by-products in the biosynthesis 
process of romidepsin. The biosynthetic gene clusters 
of romidepsin belonged to NRPS-PKS[8]. By analyzing 
chemical structures of Impurities 1 - 7, except for the 
Impurity-6, other impurities differ from romidepsin 
at C-7, C-9 and C-13. The dep D is responsible for 
the assembly of the groups at C-13[6], and dep E for 
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Fig.4   HPLC Chromatograms of Fermentation Media with Addition of (NH4)2SO4 (A), Fermentation Media 
with Addition of (NH4)2CO3 (B)

图 4   添加硫酸铵 (A)和碳酸铵 (B)的发酵液 HPLC 图谱
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Peaks 1 - 7: Impurities 1 - 7

Fig.5   Effect of Fermentation Temperature on the Yields 
of Impurity-6 and Romidepsin(n=3)

图 5   发酵温度对杂质 -6 和罗米地辛产量的影响

the assembly of groups at C-7 and C-9[6]. There may 
be some genes that can assemble other groups into 
the skeleton of romidepsin to form impurities. The 
formation of impurities was closely related to the strain 
and the fermentation process. Therefore, in order to 
inhibit the production of impurities, it was necessary 
to further study the strain screening and fermentation 
process.

4   Conclusions
In this study, seven impurities in romidepsin bulk 

drug were detected and isolated by HPLC. Based on 
their MS and NMR spectral data, the structures of these 
impurities were identified. As far as we known, it was 
the first paper on the detection, structure identification 
and formation of impurities of romidepsin, which laid 
the foundation for quality control of romidepsin. Both 
impurities were structurally related to romidepsin. The 
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NMR data of Impurity-5 and Impurity-7 were reported 
in the previous report without chemical structure[13]. 
To the best of our knowledge, this was the first report 
of the full NMR data assignment of Impurities-5 
and Impurity-7. Impurity-6 named chromopeptide 
A was a known compound produced by a marine 
derived bacterium Chromobacterium sp. HS-13-94[14]. 
Impurity-1, Impurity-2, Impurity-3 and Impurity-4 
were first reported in this paper. These impurities might 
be the by-products in the biosynthesis pathway of 
romidepsin. The fermentation medium and temperature 
could influence the production of impurities, and the 
fermentation process of low-impurity romidepsin was 
proposed here.
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