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In vitro inhibition by 79 herb injectables of nine human cytochrome
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Abstract: Seventy-nine injectable herb extractions have been approved by the Chinese Food and Drug
Administration (CFDA) and are frequently administered intravenously for various diseases. Unfortunately, herb-drug
interactions are under-investigated and sometimes overlooked in the clinic. In the present investigation the in vitro
inhibition of 9 drug metabolizing enzymes including CYP1A, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, CYP2E1L, and CYP3A was assessed using an appropriate probe substrate for each enzyme with human
liver microsomes. Metabolite formation was quantified using a validated and sensitive high-performance liquid
chromatography-tandem mass spectrometry (LC-MS/MS) assay. The IC,, of each herb extract was estimated using
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a concentration range from 5% to 0.5%, and the time-dependent inhibition of the nine CYP450 isoenzymes was
also determined. Of the 79 approved iv herb injectables, 37 inhibited CYP1A, 24 inhibited CYP2A®6, 41 inhibited
CYP2BS6, 36 inhibited CYP2C8, 31 inhibited CYP2C9, 41 inhibited CYP2C19, 13 inhibited CYP2D6, 25 inhibited
CYP2E1, and 42 inhibited CYP3A with 50% or greater inhibition at a test concentration of 5% (v/v). IC,, differences
were noted between pre-incubation or co-incubation assays with HLM for 30 min, with the time-dependent inhibitory
(TDI) effects were observed with 2 injectables on CYP1A, 5 injectables on CYP2AB, 5 injectables on CYP2B6, 6
injectables on CYP2C8, 1 injectable on CYP2D6 and 6 injectables on CYP3A. Collectively, the results demonstrate
that potential herb-drug interactions (HDIs) can occur with the concomitant use of herb injectables and prescription
drugs that are cleared by CYP450 enzymes, and further investigation is warrant for the clinical relevance of these

interactions.
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Table 1 The information of the collected 79 herb injections approved by CFDA

No Name Abbreviation Lot Number Manufacturer
1 Kanglaite injection KLT 1409233-2 Zhejiang Kanglaite Pharmaceutical Co. Ltd
2 Tianmasu injection TMS 14070095-005  Taiji Group Southwest Pharmaceutical Co. Ltd
3 Zhenggingfengtongning injection FTN 1311423-012 Hunan Zhengqging Group Pharmaceutical Co. Ltd
4 Kuhuang injection KH 1401131 Changshu Leiyunshang Pharmaceutical Co. Ltd
5 Fufangshexiang injection SX 14022001 Jilin Yisheng Pharmaceutical Co. Ltd
6 Reduning injection RDN 140433 Jiangsu Kanion Pharmaceutical Co. Ltd
7 Wutou injection WT 20131102 Shanghai Kanto Pharmaceutical Co. Ltd
8 Xuebijing injection XBJ 1405311 Tianjin Chase Sun Pharmaceutical Co. Ltd
9 Ganyanling injection GYN 1404101 Changshu Leiyunshang Pharmaceutical Co. Ltd
10 Danshenduofensuan Salt for injection DSDFSY 131228 Shanghai Green Valley Pharmaceutical Co. Ltd
11 Dazhu Rhodiola injection DZHJT 10001140507A  Tonghua Yusheng Pharmaceutical Co. Ltd
12 Yinxing Ertieneizhi Pu’an injection YX 140602 Jiangsu Kanion Pharmaceutical Co. Ltd
13 Honghua injection HH 13121303 Shanxi Huawei Pharmaceutical Co. Ltd
14 Kudiezi injection KDz 140604 Tonghua Huaxia Pharmaceutical Co. Ltd
15 Bozhi tangtai injection BZTT 20140106 Yangzhou Pharmaceutical Co. Ltd
16 Yiqi Fumai injection YQFM 20140615 Tianjing Tianshili Pharmaceutical Co. Ltd
17 Gualoupi injection GLP 140703 SPH No.1 Biochemical & Pharmaceutical Co. Ltd
18 Xiangdan injection XD 1406272 Chiatai Qingchunbao Pharmaceutical Co. Ltd
19 Chaihu injection CH 14010421 Henan Fusen Pharmaceutical Co. Ltd
20 Xiaoaiping injection XAP 201408221 Nanjing Sanhome Pharmaceutical Co. Ltd
21 Shengifuzheng injection SQFZ 1408255 Livzon Pharmaceutical Co. Ltd
22 Xiangguduotang injection XGDT 14080302 Jinglin Fuzhoumeifeng Pharmaceutical Co. Ltd
23 Xueshuantong injection XST 14011207 Guangxi Wuzhou Pharmaceutical Co. Ltd
24 Xuelian injection XL 140219-121 Xinjiang Yinduolan uighur Pharmaceutical Co. Ltd
25 Lawujia injection LWJ 20140817 Wausuli River Pharmaceutical Co. Ltd
26 Yejuhua injection YJH 14090501 Jiangxi Tianshikang Pharmaceutical Co. Ltd
27 Danshen injection DS 1408222 Chiatai Qingchunbao Pharmaceutical Co. Ltd
28 Shenmai injection SM 1409115 Chiatai Qingchunbao Pharmaceutical Co. Ltd
29 Safflower Yellow injection SYI 1404221 Zhejiang Yongning Pharmaceutical Co. Ltd
30 Kangai injection KA 01140933 Changbaishan Pharmaceutical Co. Ltd
31 Aidi injection AD 20140407 Guzhou Yibai Pharmaceutical Co. Ltd
32 Shenkang injection SK 201411011 Xian Shijishenkang Pharmaceutical Co. Ltd
33 Brucea javanica Oil Emulsion injection BOE 0114102221 Shenyang Leiyunshang Pharmaceutical Co. Ltd
34 Danhong injection DH 14111029 Buchang Tongxin Pharmaceutical Co. Ltd
35 Xiyanping injection XYP 2014110603 Jiangxi Qingfeng Pharmaceutical Co. Ltd
36 Buguzhi injection BGZ 140616 Hunan Furenhuaigingtang Pharmaceutical Co. Ltd
37 Yemugua injection YMG 140603 Guangdong Xinfeng Pharmaceutical Co. Ltd
38 Cervus and Cucumis Polypeptide injection CCPI 1407304 Heilongjiang Jiangshi Pharmaceutical Co. Ltd
39 Puerarin injection PRI 14071116 Reyoung Pharmaceutical Co. Ltd
40 Guanxinning injection GXN 1407271 Shanxi Zhendong Pharmaceutical Co. Ltd
41 Ossotide injection Osl 141019E1 Haerbin Sanlian Pharmaceutical Co. Ltd
42 Guhong injection GH 20140704 Tonghua Guhong Pharmaceutical Co. Ltd
43 Shenxiong glucose injection SXG 20140889 Guizhou Jingfeng Pharmaceutical Co. Ltd
44 Odium cantharidate vitamin B6 injection OCvVB 2014092102 Guizhou Baigiang Pharmaceutical Co. Ltd
45 Ginseng polysaccharide injection GSP 03140901 Shanxi Pude Pharmaceutical Co. Ltd
46 Shuanghuanglian injection powder SHL 1403609 Harbin Group Pharmaceutical Co. Ltd
47 Shuxuening injection SXN 130801A2 Shineway Pharmaceutical Co. Ltd
48 Yimucao injection YMC 140713 Chengdu First Pharmaceutical Co. Ltd
49 Ginkgolides injection GKL 08140703-095  Chengdu Baiyu Pharmaceutical Co. Ltd
50 Breviscapine injection BVP 16140707 Hunan Hengsheng Pharmaceutical Co. Ltd
51 Gugua extract injection GGE 220141008 Helongjiang Dilong Pharmaceutical Co. Ltd
52 Ligustrazine hydrochloride injection LHI 141110D1 Harbin Sanlian Pharmaceutical Co. Ltd
53 Salvia miltiorrhiza and Ligustrazine injection SMLI 20141030 Guizhou Tebai Pharmaceutical Co. Ltd
54 Tanreqing injection TQI 1411201 Shanghai Kaibao Pharmaceutical Co. Ltd
55 Fufang kushen injection FFKS 20141011 Shanxi Zhendong Pharmaceutical Co. Ltd
56 Huanggi injection HQ 1409043 Chiatai Qingchunbao Pharmaceutical Co. Ltd
57 Xingnaojing injection XNJ 1411102 Dali Yaoye Pharmaceutical Co. Ltd
58 Yinxingdamo injection YXDM 8140921 Shanxi Pude Pharmaceutical Co. Ltd
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Continued
No Name Abbreviation Lot Number Manufacturer
59 Shenfu injection SF 140910010 Yaan Sanjiu Pharmaceutical Co. Ltd
60 Xinmailong injection XML 140347 Yunnan Tengyao Pharmaceutical Co. Ltd
61 Chuankezhi injection CKz 14053002 Guangzhou Fangzheng Pharmaceutical Co. Ltd
62 Astragalus polysaccharides injection APCI 140301 Tianjin Sainuo Pharmaceutical Co. Ltd
63 Compound glycyrrhizin injection Cal 00034 Minophagen Pharmaceutical Co. Ltd
64 Pehydroandrographolide succinate injection PDSI 20141215 Harbin Sanjing Pharmaceutical Co. Ltd
65 Fufang gutai injection GT 1579 Nanjiang Xinbai Pharmaceutical Co. Ltd
66 Taipanduotai injection TPDT 201405044 Guizhou Taibang Pharmaceutical Co. Ltd
67 Qingkailing injection QKL 14041906 Jilin Yisheng Pharmaceutical Co. Ltd
68 Shengmai injection SHM 14081505 Jilin Yisheng Pharmaceutical Co. Ltd
69 Shuxuetong injection SXT 141009-21 Mudanjiang Youbo Pharmaceutical Co. Ltd
70 Xueshuantong for injection XST 14H13203 Kunming Pharmaceutical Co. Ltd
71 Lanxiangxi injection LXX 1409181 Daliang Holley Kingkong Pharmaceutical Co. Ltd
72 Mailuoning injection MLN 20141035 Jinlin Pharmaceutical Co. Ltd
73 Sulfotanshinone sodium injection SFI 1411312 SPH No.1 Biochemical & Pharmaceutical Co. Ltd
74 Sodium aescinate injection SAI 15010313 Wuhan Aimin Pharmaceutical Co. Ltd
75 Zushima injection ZSM 14121021 Lonch Group Wanrong Pharmaceutical Co. Ltd
76 Xiaozhiling injection XZL 14091501 Jilin Yisheng Pharmaceutical Co. Ltd
77 Huachansu injection HCS 141031-1 Anhui Huarun Jinchan Pharmaceutical Co. Ltd
78 Extract of Ginkgo biloba leaves injection EGBL HC034 Zhonghao Guoji Pharmaceutical Co. Ltd
79 Erigeron breviscapus injection EBI 20141033 Yunan Biovalley Pharmaceutical Co. Ltd
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Table 2 The gradient elution for the CYP450s inhibition assay
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Table 3 MS/MS transitions and parameters for the detection of
the target metabolites and internal standards

Mode Compound MRM DP/eV CE/eV
ESI*  Acetaminophen 151.9—110.1 64 21
7-Hydroxycoumarin 162.9—106.9 86 29
N-Desethylamodiquine 328.0—283.0 100 50
4-Hydroxydiclofenac 312.0—231.0 32 29
Dextrorphan 258.1—157.0 103 60
Hydroxybupropion 256.1—238.0 61 18
4-Hydroxymephenytoin 235.1—150.3 74 23
6/-Hydroxytestosterone 305.2—269.3 80 19
Tolbutamide (IS) 271.3—155.0 70 26
ESI"  6-Hydroxychlorzoxazone 184.0—119.7 -56 —-26
Tolbutamide (IS) 268.8—169.8 63 -23
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BOE.SF.GT.SHM Xf CYP2C8 [ g iif 11 411 2 A1 75 ¥k i
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17.9%, TE ¥ % N 0.5% ] 43 5] 24 37.6%- 38.8%.7.1% .
8.7%.17.5%.35.5%; BGZ %f CYP2D6 1] fili i P 451 2
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of the residual enzyme activity were normalized to vehicle control and expressed as relative percentage ratio. Each histogram is the mean of

double values (n = 2)
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Table 4 IC, (v/v) values for P450 enzyme inhibition by the liquid injection investigated. The C,,5 (V/V) is the concentration of the injec-
tion calculated by the maximum daily dose
Name Chop ICso/% Name Ciop ICSO/%
/% 1A2 2A6 2C9 2D6 3A4 2B6 2C8 2E1 2C19 /% 1A2 2A6 2C9 2D6 3A4 2B6 2C8 2E1 2C19
KTL 4.00 >5 >5 >5 >5 27 >5 >5 >5 >5 || YMG 0.16 0.72 05 13 32 10 05 11 03 0.78
TMS 1.20 >5 >5 >5 >5 >5 >5 >5 >5 >5 || GXN 0.80 0.13 0.14 0.39 0.29 0.17 0.30 0.18 0.31 0.19
FTN 0.08 >5 >5 >5 11 14 10 15 >5 >5 || GH 040 13 28 19 >5 12 10 09 18 14
KH 120 11 >5 13 22 17 14 16 16 17 SXG 400 >5 >5 >5 >5 >5 >5 >5 >5 >5
SX 040 03 50 1.0 50 04 04 04 >5 04 OCVB 100 > > >5 >5 >5 >5 >5 >5 >5
RDN 040 05 05 13 17 04 06 07 10 1.2 | GSP 016 >5 >5 >5 >5 >5 >5 >5 >5 >5
WT 008 >5 >5 >5 >5 >5 >5 >5 >5 >5 | SXN 040 31 >5 >5 >5 24 >5 35 23 07
XBJ 400 22 22 17 37 17 14 14 21 16 |YMC 008 39 09 > > >5 15 >5 12 02
GYN 008 05 12 06 03 05 09 11 19 11 |GKL 020 >5 26 35 38 13 11 41 06 008
DZHJT 020 1.2 20 >5  >5 20 > 21 12 21 |SMLI 020 04 12 > > 14 12 23 03 10
YX 010 > > > > > > > > >5 | TQl 080 02 04 05 14 03 03 05 05 07
HH 040 11 20 30 32 19 17 10 095 101 [FFKS 024 06 >5 19 04 09 12 30 24 19
KDz 080 24 25 >5 >5  >5 >5 3.4 >5 >5 || HQ 040 >5 >5 >5 >5 >5 >5 >5 >5 >5
BZTT 008 >5 >5 >5 >5 >5 >5 >5 19 >5 || XNJ 040 >5 >5 27 >5 10 03 21 >5 17
GLP 024 25 16 >5 30 18 16 18 11 28 YXDM 100 08 07 04 15 02 22 09 35 02
XD 040 0.17 014 032 0.230.15 017 013 0.17 0.11 | SF 200 14 >5 21 >5 2.0 09 4.1 >5 1.7
CH 0.16 >5 >5 >5 >5 >5 21 21 >5 >5 || XML 012 04 05 32 0.03 08 003 008 02 10
XAP 0.02 0.026 0.068 0.034 >0.1 0.010 0.020 0.024 0.030 0.019| CKZzZ 016 >5 >5 0.6 > >5 >5 >5 >5  >5
SQFZ 500 >5 >5 >5 >5 >5 >5 >5 >5 >5 | CGI 120 >5 >5 >5 >5 >5 >5 >5 >5 >5
XGDT 004 >5 > >5 >5 >5 >5 >5 >5 >5 |GT 020 >5 >5 >5 >5 >5 >5 >5 >5 >5
XL 0.08 048 083 064 12 060 058 1.0 10 0.61 | TPDT 016 >5 >5 >5 >5 >5 >5 >5 >5 >5
LWJ 600 15 14 >5 >5 15 >5 30 19 22 || QKL 080 06 08 07 19 08 09 17 >5 >5
YJH 016 1.1 1.7 10 15 0.82 055 10 12 0.66 || SHM 120 >5 >5 >5 >5 21 15 >5 >5 28
DS 040 039 034 084 048034 1.0 038 090 0.65 | SXT 012 >5 >5 >5 >5 >5 >5 >5 37 >5
SM 200 15 >5 1.0 >5 16 1.0 >5  >5 1.3 | LXX 240 >5 >5 >5 >5 24 0009 1.0 21 011
KA 240 1.1 >5  >5  0.69 3.3 >5  >5 >5  >5 | MLN 0.40 025 043 0.18 0.79 027 0.13 0.31 050 0.34
AD 200 >5 >5 >5 >5 >5 >5  >5 >5  >5 || SFI 0.32 0.08 007 0.02 0.03 015 0.07 0.05 011 0.05
SK 200 14 17 26 24 19 22 12 16 16 | ZSM 0.08 060 - 143 142 072 052 0.97 042 0.70
BOE 060 >5 >5 23 >5  >5 11 >5  >5  >5 | XZL 020 11 - >5 >5 >5 14 13 >5 18
DH 160 029 029 059 042030 035 029 038 0.28 | HCS 040 >5 >5 >5 >5 >5 >5 >5 >5 >
XYP 0.40 >5 >5 25 >5 04 33 13 26 13 EGBL 100 22 42 11 >5 33 >5 15 06 15
BGZ 0.08 0.01 03 0.6 24 21 11 12 20 053 || EBI 160 07 09 13 19 22 15 10 15 09
Table 5 IC,, values for P450 enzyme inhibition by the powder injection investigated
Sample Cyioo IC,,/mg-mL*
name /mg-mL* 1A2 2A6 2C9 2D6 3A4 2B6 2C8 2E1 2C19
DSDFSY 0.04 >0.08 >0.08 >0.08 >0.08 >0.08 >0.08 >0.08 >0.08 >0.08
YQFM 1.04 >2.08 >2.08 >2.08 >2.08 >2.08 >2.08 >2.08 >2.08 >2.08
XST 0.10 >0.20 >0.20 >0.20 >0.20 >0.20 >0.20 >0.20 >0.20 >0.20
51 0.02 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04
CCPI 0.048 >0.096 >0.096 >0.096 >0.096 >0.096 >0.096 >0.096 >0.096 >0.096
GGS 0.80 >0.80 >0.80 >0.80 >0.80 >0.80 >0.80 >0.80 >0.80 >0.80
osl 0.02 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04
SHL 0.24 0.049 0.188 0.192 0.445 0.162 0.387 0.157 0.174 0.153
BVP 0.01 >0.02 >0.02 >0.02 >0.02 >0.02 >0.02 >0.02 >0.02 0.004
GGE 0.02 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04 >0.04
LHI 0.016 >0.032 >0.032 >0.032 >0.032 >0.032 >0.032 >0.032 >0.032 >0.032
APCI 0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
PDSI 0.16 >0.32 >0.32 >0.32 >0.32 >0.32 >0.32 >0.32 >0.32 >0.32
XST 0.08 >0.16 >0.16 >0.16 >0.16 0.137 0.121 >0.16 >0.16 >0.16
SAI 0.004 >0.008 >0.008 >0.008 >0.008 >0.008 >0.008 >0.008 >0.008 >0.008
BGZ.SXN.SF.LXX.XZL.EGBL X} CYP3A (g i&tE  #1ip

A B AE IR FE N 5% I 53 1) 0 26.8%10.4% . 21.1%.
28.9%. 55.7%- 24.0%, 7t ik £ >~ 0.5% B} N 22.1%.
29.1%.28.1%.29.0%.17.0%.30.2% . X && 1 2493 5t 771
TR T P A 71 23R (0 5 5 SR 350 5 LB TRl 1, DL I 2

G SR 2 9 B 5 5, R AR R 2,
O T Y S TR0 S 2 B AN VR A o v 23 S TR R
P25 000 0 T 2 Bt A A o B K A 2 ) o 11
P 3 i CYPAB0 AR A2 i H A SR 0, o
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Figure 2 The enzyme activity of CYP450 after the herb injectables pre-incubated or co-incubated with HLM for 30 min. The data are
represented as mean + SD of 2 independent incubations. A, B: CYP1A; C-G: CYP2A6; H-L: CYP2B6; M-R: CYP2C8; S: CYP2DS6,

T-Y: CYP3A
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