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Abstract
Cytochrome P450 enzymes	(CYPs)	play	a	crucial	role	in	phase	I	metabolic	reactions.	
The activity of CYPs would affect therapeutic efficacy and may even induce toxic-
ity. Given the complex components of traditional Chinese medicine, it is important 
to understand the effect of active ingredients on CYPs activity to guide their pre-
scription. This study aimed to evaluate the effect of polyphyllin H on the activity of 
CYPs major isoforms providing a reference for the clinical prescription of polyphyl-
lin H and its source herbs. The effects of polyphyllin H were evaluated in pooled 
human liver microsomes using probe substrates of CYP1A2,	2A6,	2C8,	2C9,	2C19,	
2D6,	2E1,	and	3A4	to	determine	their	activities.	The	Lineweaver-	Burk	was	used	to	
model	 the	 inhibition,	and	a	 time-	dependent	 inhibition	experiment	was	performed	
to understand the characteristics of the inhibition. Polyphyllin H significantly sup-
pressed	the	activity	of	CYP1A2,	2D6,	and	3A4	with	IC50 values of 6.44, 13.88, and 
4.52 μM,	 respectively.	 The	 inhibition	 of	 CYP1A2	 and	 2D6	was	 best	 fitted	with	 a	
competitive	model,	yielding	the	inhibition	constant	(Ki)	values	of	3.18	and	6.77 μM, 
respectively. The inhibition of CYP3A4	was	fitted	with	the	non-	competitive	model	
with the Ki	value	of	2.38 μM.	Moreover,	the	inhibition	of	CYP3A4	was	revealed	to	be	
time-	dependent	with	the	inhibition	parameters	inhibition	constant	(KI)	and	inactiva-
tion	rate	constant	(Kinact)	values	of	2.26 μM−1	and	0.045 min−1. Polyphyllin H acted 
as	 a	 competitive	 inhibitor	 of	 CYP1A2	 and	 2D6	 and	 a	 non-	competitive	 and	 time-	
dependent	inhibitor	of	CYP3A4.
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1  |  INTRODUC TION

Rhizoma paridis	 (Liliaceae)	 is	common	 in	 the	tropical	and	temperate	
regions of Eurasia, particularly in Southwest China.  Known for its 
pharmacological activities of antitumor, antibacterial, hemostasis, 
and expelling insects, R. paridis has been medicated for a long history. 
Its pharmacological action is often attributed to active extractions 
like saponins, which are critical ingredients of R. paridis. Studies 
showed that R. paridis saponins can inhibit tumor metastasis, alleviate 
oxidative stress injury, and ameliorate hepatic fibrosis.1–4 However, 
these saponins are also linked to the hepatic toxicity of R. paridis.5 
Polyphyllin H has been identified as a major steroidal saponin of R. 
paridis extracts.6 In a former study focusing on polyphyllin H phar-
macokinetics, it was reported that the maximum plasma concentra-
tion	 of	 polyphyllin	 H	 in	 beagle	 dogs	 was	 20.72 ± 2.22 ng/mL	 after	
oral	 administration	of	9.33 mg/kg	R. paridis extracts, and polyphyl-
lin H was identified as the most abundant component.7 Polyphyllin 
H has been extensively researched for its pharmacokinetics, tissue 
distribution, and primary therapeutic effects.8,9 However, its hepatic 
toxicity and potential risk when combined with other compounds are 
still unknown.

Cytochrome	 P450	 (CYP),	 also	 known	 as	mixed	 functional	 oxi-
dase	and	monooxygenase,	 is	a	critical	phase-	I	enzyme	 in	biotrans-
formation. It is responsible for metabolizing approximately 3/4 of 
phase	 I-	dependent	 drugs.10,11 CYPs are involved in the oxidation, 
demethylation, and other modifications of drug structures, en-
hancing their solubility and speeding up their excretion.12–14 Liver 
CYPs	contain	major	subfamilies,	including	CYP1A,	CYP2A,	CYP3A,	
CYP2C, CYP2D, and CYP2E.15 These different CYP isoforms from 
various subfamilies show distinct characteristics and metabolize dif-
ferent xenobiotics. The inhibition or induction of CYP is a primary 
mechanism mediating drug–drug interaction.16 Multiple drugs can 
be metabolized by the same CYP isoform, and a single drug can also 
influence the activity of multiple CYP isoforms.17 Consequently, 
drug–drug	 interaction	 occurs	 when	 two	 or	 more	 drugs	 are	 co-	
administrated. Traditional Chinese medicine prescriptions usu-
ally contain more than two types of herbs, and the combination 
of traditional Chinese medicine and drugs is widely used in clinics. 
Previous studies have reported interactions between herbal active 
ingredients	and	co-	administrated	drugs	due	to	the	changed	activity	
of	CYPs.	For	example,	the	inhibitory	effect	of	Shaoyao-	Gancao-	Fuzi	
decoction	on	CYP3A	increased	the	systemic	exposure	of	tofacitinib	
in rats with glycyrrhetinic acid, glycyrrhizic acid, and liquidity playing 
critical roles.18	As	 the	primary	 active	 ingredient	of	R. paridis, con-
sideration should be given to the effect of polyphyllin H on the ac-
tivity	of	CYPs	for	its	safe	clinical	co-	prescription	and	use	as	health	
products.

Liver microsomes are commonly used as experimental carriers 
in investigations of CYPs, due to their easy preparation, reproduc-
ibility,	and	short	experimental	period.	Another	significant	advantage	
is their ability to assess the activity of multiple CYP isoforms simul-
taneously through a cocktail assay.19 CYPs activities are evaluated 
using the probe reaction method, which measures the production 

of metabolites. This study explored the effect of polyphyllin H on 
the activity of major CYP isoforms in human liver microsomes and 
corresponding	probe	 reactions	 (Table 1).	The	study	also	examined	
inhibition characteristics to reveal the potential mechanism underly-
ing the effect of polyphyllin H.

2  |  METHODS

2.1  |  Study design

The	 probe	 reactions	 were	 performed	 in	 pooled	 gender-	neutral	
human	 liver	 microsomes	 (HLMs,	 22	 donors,	 lot	 #4133007)	 ob-
tained	 from	 BD	 Bioscience	 (USA).	 The	 concentrations	 of	 probe	
substrates	 and	HLMs	 (added	 by	 protein	 concentration)	were	 se-
lected according to previous studies.20,21 Three treatments were 
set:	 negative	 control	 (without	 inhibitors),	 positive	 control	 (with	
typical inhibitors of CYP isoforms, summarized in Table 1),	 and	
polyphyllin	H	(with	100 μM	polyphyllin	H).	Key	protein	targets	and	
ligands in this article are hyperlinked to corresponding entries in 
https:// www. guide topha rmaco logy. org, the common portal for 
data	from	the	IUPHAR/BPS	Guide	to	PHARMACOLOGY,22 and are 
permanently	archived	in	the	Concise	Guide	to	PHARMACOLOGY	
2019/20.23

2.2  |  HLMs assay

The	reaction	systems	were	composed	of	100 mM	potassium	phos-
phate	 buffer	 (pH = 7.4),	 NADPH	 generating	 system,	 HLMs,	 probe	
substrates,	and	polyphyllin	H	(100 μM)	or	typical	 inhibitors	and	the	
reaction	volume	was	200 μL.	Probe	substrates,	inhibitors	(except	for	
dextromethorphan	and	quinidine	were	dissolved	in	water),	and	poly-
phyllin H were dissolved in methanol with a final concentration of 
1%, and 1% neat methanol was added to the incubations without 
inhibitor	 (to	exclude	 the	effect	of	methanol	on	CYP450	activities).	
The relatively high concentration of polyphyllin H was primarily used 
to screen CYP450 isoforms responding to polyphyllin H according 
to previous studies.20,24,25	The	NADPH-	generating	system	was	pre-
pared	 as	 follows:	 5 mM	MgCl2	 (Sigma,	USA),	 1 mM	NADP

+	 (Sigma,	
USA),	 5 mM G-	6-	P	 (Sigma,	 USA),	 and	 4 U/mL	 glucose-	6-	phosphate	
dehydrogenase	 (Sigma,	 USA).	 The	 reaction	 was	 initiated	 by	 the	
NADPH-	generating	system	and	conducted	at	37 °C	for	1 h	after	a	5-	
min	preincubation.	Ice-	cold	acetonitrile	was	added	to	terminate	the	
reaction	and	the	mixture	was	centrifugated	at	13,000 rpm	for	15 min	
after	a	5-	min	ultrasonic	mixing.	Further	incubation	with	0,	5,	10,	15,	
25,	50,	and	100 μM polyphyllin H was performed with the substrates 
of the isoforms significantly inhibited by polyphyllin H with the same 
conditions as above to obtain the IC50 values assessing the inhibi-
tion	strength.	The	IC50	values	were	calculated	with	the	non-	linear	
regression.

The	 time-	dependent	 characteristics	 of	 CYP	 inhibition	 were	
evaluated	with	20 μM	polyphyllin	H	and	1 mg/mL	HLMs	(protein	

https://www.guidetopharmacology.org
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concentration).	 The	 concentrations	of	 probe	 substrates	 approx-
imated to Km are summarized in Table 1. The reaction system 
was	prepared	as	described	above	and	pre-	incubated	at	37°C	for	
30 min	and	then	transferred	to	another	tube	for	further	 incuba-
tion.	The	reaction	was	terminated	after	0,	5,	10,	15,	and	30 min	
by	acetonitrile,	and	then	centrifugated	at	13,000 rpm	for	15 min	
for HPLC analysis. Furthermore, the concentration of probe sub-
strates	was	increased	to	approximately	4-	fold	Km values and incu-
bated	with	0,	2,	5,	10,	20,	and	50 μM polyphyllin H for 0, 5, 10, 15, 
and	30 min	 to	 obtain	 the	 time-	dependent	 inhibition	 parameters	
inhibition	 constant	 (KI)	 and	 inactivation	 rate	 constant	 (Kinact)	 by	
linear fitting.

2.3  |  Inhibition model fitting

The incubations with a series of concentrations of probe sub-
strates were carried out to fit the inhibition model. The competi-
tive inhibition was fitted with v = (Vmax × S)/[Km(1 + I/Ki) + S], and 
the	non-	competitive	 inhibition	model	was	fitted	with	v = (Vmax × S)/
[Km + S(1 + I/Ki)].	Where	Vmax represents the maximum velocity of the 
reaction, Km represents the substrate concentration at half of Vmax, S 
represents the concentration of the substrate, I represents the con-
centration of polyphyllin H and Ki is the inhibition constant obtained 
from the nonlinear regression analysis. The values of Vmax and Km 
were	calculated	by	the	Lineweaver-	Burk	analysis.

2.4  |  HPLC analysis

The	HPLC	analysis	was	conducted	with	the	Agilent	1290	series.	The	
supernatant of the reaction mixture was transferred to the C18 col-
umn with water: acetonitrile as the mobile phases. The temperature 
of	the	column	was	set	as	30°C	and	the	mobile	rate	was	0.2 mL/min.	
The gradient elution conditions were set as 10%–20% acetonitrile 
for	5 min,	20%–30%	acetonitrile	for	5 min,	30%–40%	acetonitrile	for	
5 min,	and	40%	acetonitrile	for	5 min.	The	total	run	time	was	15 min	
per	 sample	 including	 a	 re-	equilibration	 of	 5 min.	 The	 quantitative	
detection method was constructed by our team based on previ-
ous studies.26–28 The specific analysis conditions are summarized 
in Table 2. The inhibition ratio was calculated with the following 
equation:

Where I represent the inhibition ratio, Cneg represents the pro-
duction of metabolites in the negative control, Ci represents the pro-
duction of metabolites in the positive control or polyphyllin H.

2.5  |  Statistical analysis

Experimental	data	were	analyzed	by	GraphPad	Prism	9.0	software	
and	expressed	as	mean ± SD	(n = 3).	Difference	comparison	was	per-
formed	with	one-	way	ANOVA	(p < .05).

I (%) =
[(

Cneg − Ci

)

∕
(

Cneg

)]

× 100% .

Isoenzymes Internal reference Mobile phase Wavelength References

CYP1A2 7-	Hydroxycoumarin Methanol: phosphate 
buffer	(pH = 3.0,	
50 mM) = 32:68

UV	245 nm [21-	23]

CYP2A6 -	 Acetonitrile:	acetic	acid	
(0.1%,	v/v) = 35:65

Fluo Ex/EM 
340/456 nm

[21-	23]

CYP3A4 Corticosterone Methanol: 
water = 50:40,	
0–15 min,	48%	B-	30%	
B;	15–22 min,	30%	
B-	20%	B

UV	254 nm [21-	23]

CYP2C8 -	 Methanol: 
Water = 65:35

UV	230 nm [21-	23]

CYP2C9 Coumarin Acetonitrile	(A):	
phosphate buffer 
(pH = 7.4,	100 mM,	
B) = 32:68,	0–9 min,	
68%	B-	32%	B

UV	280 nm [21-	23]

CYP2C19 Tolbutamide Methanol: potassium 
phosphate	(pH 7.0,	
10 mM) = 30:70

UV	204 nm [21-	23]

CYP2D6 -	 Acetonitrile:	phosphate	
buffer	(pH = 3.0,	
50 mM) = 25:75

Fluo Ex/EM 
235/310 nm

[21-	23]

CYP2E1 Phenacetin Acetonitrile:	acetic	acid	
(0.5%,	v/v) = 22:78,	
1–10 min,	78%	B-	40%	B

UV	287 nm [21-	23]

TA B L E  2 The	detection	conditions	of	
HPLC for each CYP450 isoenzymes.

https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1321&familyId=262&familyType=ENZYME
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https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=262
https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1329&familyId=262&familyType=ENZYME
https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1330&familyId=262&familyType=ENZYME
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3  |  RESULTS

3.1  |  Effect of polyphyllin H on the activity of CYPs

The activity of all CYP isoforms was suppressed by correspond-
ing	 inhibitors,	 with	 a	 decrease	 ranging	 from	 94.35%	 to	 83.63%.	
Polyphyllin	H	significantly	suppressed	CYP1A2,	2D6,	and	3A4,	re-
ducing	their	activity	to	24.49,	33.33,	and	17.79%	of	the	negative	con-
trol,	respectively	(Figure 1A).	The	inhibitory	effects	of	polyphyllin	H	
were	revealed	to	be	concentration-	dependent.	As	the	concentration	
of	polyphyllin	H	increased,	the	activities	of	CYP1A2	(Figure 1B),	2D6	
(Figure 1C),	and	3A4	(Figure 1D)	decreased	with	IC50 values of 6.44, 
13.88,	and	4.52 μM, respectively.

3.2  |  Inhibition models of CYP1A2, 2D6, and 3A4

With various concentrations of polyphyllin H and substrates of 
CYP1A2,	 2D6,	 and	3A4,	 the	 inhibition	of	CYP1A2	 (Figure 2A)	 and	
2D6	(Figure 2B)	was	best	fitted	with	the	competitive	inhibition	model,	
as shown by the stable Vmax	in	the	double-	reciprocal	plots.	In	contrast,	
the	inhibition	of	CYP3A4	was	best	fitted	with	the	non-	competitive	in-
hibition model with a stable Km	(Figure 2C).	The	Ki values obtained for 
CYP1A2,	2D6,	and	3A4	were	3.18,	6.77,	and	2.38 μM, respectively.

3.3  |  Time- dependent characteristics of CYP1A2, 
2D6, and 3A4 inhibition

The	activity	of	CYP3A4	decreased	over	the	incubation	period,	while	
CYP1A2	and	2D6	remained	relatively	stable	(Figure 3A).	In	the	pres-
ence	 of	 2,	 5,	 10,	 20,	 and	 50 μM	 polyphyllin	 H,	 a	 time-	dependent	
manner	was	observed	 in	 the	 inhibition	of	CYP3A4	 (Figure 3B).	By	
fitting	 the	 slope	 of	 time-	dependent	 inhibition,	 the	 related	 param-
eters KI and Kinact	were	obtained	as	2.26 μM−1	and	0.045 min−1, re-
spectively	(Figure 3C).

4  |  DISCUSSION

Traditional Chinese medicine has the advantages of low toxic-
ity and high efficiency.29 However, its complex composition and 
lengthy treatment process would influence metabolic enzymes 
and induce drug–drug interactions. These interactions can alter 
the physicochemical properties, pharmacokinetics, and pharma-
codynamics, and even lead to adverse reactions. The CYP1, CYP2, 
and CYP3 families account for 13%, 33%, and 30% of total CYPs 
and include several key isoforms.30,31 Polyphyllin H was found 
to	 inhibit	 the	 activity	 of	 CYP1A2,	 2D6,	 and	 3A4	 in	 the	 present	
study. The roles and divisions of these three isoforms vary slightly. 

F I G U R E  1 Polyphyllin	H	significantly	suppressed	the	activity	of	CYP1A2,	2D6,	and	3A4,	but	the	inhibitory	effects	were	weaker	than	
typical	inhibitors	(A).	The	inhibition	of	CYP1A2	(B),	2D6	(C),	and	3A4	(D)	was	enhanced	with	the	increasing	concentration	of	polyphyllin	H.	
IC50, Half maximal inhibitory concentration. nsp > .05,	****p < .0001.
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CYP1A2	is	mainly	responsible	for	the	biotransformation	of	polycy-
clic aromatic hydrocarbons, aromatic amines, heterocyclic amines, 
and	some	halogenated	hydrocarbons.	CYP1A2	is	also	involved	in	
the metabolism of xanthine drugs, such as phenacetin, proprano-
lol, clozapine, and caffeine.32,33	Although	CYP2D6	only	accounts	
for about 2% of CYPs, it participates in the metabolism of over a 
fifth of prescription drugs, involving antipsychotics, antidepres-
sants, analgesics, and antiarrhythmic drugs.34 The gene polymor-
phism of CYP2D6 affects drug metabolism and can induce adverse 
side	effects.	As	such,	the	suppressed	activity	of	CYP2D6	by	poly-
phyllin H observed in this study would influence the metabolism 
of	specific	drugs	and	increase	the	risk	of	toxic	reactions.	CYP3A4	
is widely expressed in the liver and gut and has extensive sub-
strate	 specificity.	According	 to	 statistical	data,	 the	 substrates	of	

CYP3A4	 include	 38	 categories	 and	 over	 150	 drugs,	 which	 typi-
cally have a large molecular weight, aromatic rings, and less po-
larity.35,36	Environmental	factors	can	affect	CYP3A4	activity	and	
individual	differences	in	CYP3A4	expression	can	cause	unpredict-
able drug reactions and toxicity.37	The	altered	activity	of	CYP1A2,	
2D6,	 and	3A4	has	 been	 reported	 to	mediate	 drug–drug	 interac-
tion	during	drug	co-	administration.	For	instance,	the	inactivation	
of	CYP1A2	by	Xanthotoxin	was	suggested	to	induce	the	increas-
ing systemic exposure of Tacrine.38	 A	 prospective	 observational	
study	also	demonstrated	that	the	CYP2D6-	mediated	interactions	
could affect the efficiency of prescribed drugs in the emergency 
department.39 Hence, the inhibition of these isoforms by poly-
phyllin	H	should	draw	attention	to	its	co-	administration	with	the	
substrates of these enzymes. Further clinical investigations are 

F I G U R E  2 The	inhibition	of	CYP1A2	
(A)	and	2D6	(B)	was	best	fitted	with	a	
competitive model in the presence of 
0–15 μM	(for	1A2)	and	0–30 μM	(for	
2D6)	polyphyllin	H	concentrations.	
The	inhibition	of	CYP3A4	was	non-	
competitive in the presence of 0, 1, 2, 5, 
and	10 μM	polyphyllin	H	(C).	1/velocity:	
The reciprocal of the reaction rate; 1/
substrate: The reciprocal of substrate 
concentration; Km: The substrate 
concentration at half of the maximum 
velocity	of	the	reaction	(Vmax).
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needed to specify the potential of polyphyllin H to induce inter-
actions	with	 co-	administrated	 drugs.	 Additionally,	 the	 inhibitory	
effects	of	polyphyllin	H	appeared	to	be	concentration-	dependent.	
The IC50 values also provide a reference for its dosage in clini-
cal prescriptions. However, there was a lack of in vivo valida-
tion for the metabolism and plasma concentration of polyphyllin 
H. Previously, pharmacokinetic studies reported the maximum 
plasma	 concentration	 of	 polyphyllin	 H	 was	 11.75 ± 1.28 μg/L in 
rats	and	20.72 ± 1.28 μg/L in beagle dog after oral administration 
of R. paridis extracts, which are both lower than the identified IC50 
values.7,40 Hence, further in vivo evaluation of the interaction of 
polyphyllin	H	with	co-	administrated	drugs	is	necessary.

Inhibition characteristics are crucial in determining whether 
drug–drug	 interaction	 will	 occur.	 Both	 competitive	 and	 non-	
competitive inhibitions are reversible, mediated by weak forces 
such as hydrogen and hydrophobic bonds.41,42 In competitive in-
hibition, inhibitors compete with substrates for binding sites, pre-
venting	substrate	binding.	In	contrast,	non-	competitive	inhibition	
allows enzymes to bind with substrates, but inhibitors bind to the 
enzyme substates complex, preventing the release of products. 
Herein,	 the	 inhibition	 of	 CYP1A2	 and	 2D6	 was	 revealed	 to	 be	
competitive,	while	the	inhibition	of	CYP3A4	was	non-	competitive.	
Ki, a critical parameter in reversible inhibition is linked with IC50 

values according to previous studies. It was reported that IC50 
is	2-	fold	of	Ki value in competitive inhibition, which is consistent 
with our findings, and Ki is approximately equal to IC50 values in 
non-	competitive	 inhibition.43	However,	 recent	CYP-	related	stud-
ies also observed that the Ki values were also half of IC50 values 
in	 non-	competitive	 inhibition,	 which	 is	 similar	 to	 the	 present	
study.44,45 Therefore, there is a controversy in the association 
between Ki value and IC50	values	in	non-	competitive	inhibition	in	
experimental studies and modeling, which needs further investi-
gation. The chemical structure of polyphyllin H includes several 
ring	structures	(Figure 4),	which	might	be	similar	to	the	substrates	
of	CYP1A2	and	2D6,	and	therefore	induced	competitive	inhibition	
on these CYPs.

Time-	dependent	 manner	 significantly	 influences	 the	 effect	 of	
polyphyllin	 H	 on	 CYPs.	 Time-	dependent	 inhibition	 is	 subtle	 and	
presents a challenge in predicting drug–drug interaction. The parent 
drug must undergo various metabolic transformations before finally 
binding with CYPs.46,47 In the inhibited isoforms, only the inhibition 
of	CYP3A4	by	polyphyllin	H	was	found	to	increase	with	prolonged	
incubation time. This in vitro study primarily revealed the inhibitory 
effect	 of	 polyphyllin	H	on	 the	 activity	 of	CYP1A2,	 2D6,	 and	3A4	
in human liver microsomes. It suggests that polyphyllin H could 
potentially affect the metabolism of substrate drugs of these CYP 

F I G U R E  3 The	inhibition	of	CYP3A4	was	enhanced	with	incubation	time	(a),	and	the	time-	dependent	inhibition	parameters	were	
obtained	by	fitting	the	inhibition	under	2,	5,	10,	20,	and	50 μM	polyphyllin	H	(b	and	c).1/slope:	The	reciprocal	of	slopes	under	different	
concentrations of polyphyllin H in Figure 2B; 1/polyphyllin H: The reciprocal of polyphyllin H concentration in Figure 2B.
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isoforms. Studies have developed prediction methods for the risk of 
drug–drug interaction.48,49 However, due to the difference in bio-
availability, there was a lack of in vivo validation close to the actual 
clinical situation. There are also several prediction models that could 
predict the risk of drug–drug interaction, such as dynamic model and 
static model. Therefore, future studies should pay more attention to 
evaluating the potential of polyphyllin H inducing drug–drug inter-
action with the help of prediction model and more in vivo models, 
and	clinical	validations.	Additionally,	with	the	development	of	mode	
fitting, in silico investigations could help to predict the potential 
binding sites between the compounds and CYP450s, providing more 
molecular evidence for revealing the affecting mechanisms of poly-
phyllin	H	on	CYP1A2,	2D6,	and	3A4,	which	should	be	taken	into	the	
study design in our future research.

5  |  CONCLUSION

In conclusion, polyphyllin H has been found to inhibit the activity 
of	CYP1A2,	2D6,	 and	3A4,	 in	 a	manner	 that	 is	directly	 correlated	
with	 its	 concentration.	 It	 causes competitive	 inhibition	of	CYP1A2	
and	2D6	and	non-	competitive	inhibition	of	CYP3A4.	This	inhibitory	
effect of polyphyllin H could potentially lead to drug–drug interac-
tions. Therefore, this should be evaluated further in the context of 
clinical traits and considered in its prescription.

AUTHOR CONTRIBUTIONS
Erhao Wang: Conceptualization, Methodology, Formal analy-
sis,	 Methodology,	 Writing	 -		 original	 draft.	 Mengxi	 Wang:	
Conceptualization, Methodology, Formal analysis, Methodology, 
Writing	-		original	draft.	Ming	Gao:	Conceptualization,	Project	admin-
istration,	Supervision,	Writing	-		review	&	editing.

ACKNOWLEDG MENTS
The authors have nothing to report.

FUNDING INFORMATION
This study was funded by project supported by Hainan Province 
Clinical	Medical	Center	(QWYH202175).

CONFLIC T OF INTERE S T S TATEMENT
The authors report there are no competing interests to declare.

DATA AVAIL ABILIT Y S TATEMENT
All	 data	 generated	 or	 analyzed	 during	 this	 study	 are	 included	 in	
this article. Further inquiries can be directed to the corresponding 
author.

E THIC S S TATEMENT
Not	applicable.

PATIENT CONSENT S TATEMENT
Not	applicable.

ORCID
Ming Gao  https://orcid.org/0009-0000-1901-438X 

R E FE R E N C E S
 1. Han Y, Pan L, Ran S, et al. Rhizoma Paridis saponins ameliorates he-

patic	fibrosis	in	rats	by	downregulating	expression	of	angiogenesis-	
associated growth factors. Mol Med Rep.	 2019;19(5):3548-3554.	
doi:10.3892/mmr.2019.10006

	 2.	 Liu	C,	Ma	Q,	Du	R,	et	al.	Synergy	mechanisms	of	Rhizoma	Paridis	
Saponins	on	non-	small	cell	lung	cancer:	segmented	solid	phase	ex-
traction, bioactivity screening, and network Pharmacology. Anti 
Cancer Agents Med Chem.	2022;22(20):3466-3486.	doi:10.2174/1
871520622666220601090838

	 3.	 Yao	N,	Zhou	J,	Jiang	Y,	et	al.	Rhizoma	Paridis	saponins	suppresses	
vasculogenic mimicry formation and metastasis in osteosarcoma 
through	 regulating	 miR-	520d-	3p/MIG-	7	 axis.	 J Pharmacol Sci. 
2022;150(3):180-190.	doi:10.1016/j.jphs.2022.08.005

	 4.	 Zhao	B,	Wang	Z,	Han	J,	Wei	G,	Yi	B,	Li	Z.	Rhizoma	Paridis	total	sapo-
nins alleviate H2O2-	induced	oxidative	stress	injury	by	upregulating	

F I G U R E  4 The	chemical	structure	of	
polyphyllin H.

https://orcid.org/0009-0000-1901-438X
https://orcid.org/0009-0000-1901-438X
https://doi.org//10.3892/mmr.2019.10006
https://doi.org//10.2174/1871520622666220601090838
https://doi.org//10.2174/1871520622666220601090838
https://doi.org//10.1016/j.jphs.2022.08.005


    |  9 of 10WANG et al.

the	Nrf2	pathway.	Mol Med Rep.	2020;21(1):220-228.	doi:10.3892/
mmr.2019.10827

	 5.	 Zhao	C,	Wang	M,	Huang	J,	et	al.	Integrative	analysis	of	proteomic	
and metabonomics data for identification of pathways related to 
Rhizoma	Paridis-	induced	hepatotoxicity.	Sci Rep.	2020;10(1):6540.	
doi:10.1038/s41598-	020-	63632-	1

	 6.	 Ju	BY,	Zhu	HD,	Li	YM,	et	al.	Determination	of	Five	Steroidal	Saponins	
in	 Paridis	 Rhizoma	 and	 its	 Adulterants	 as	Well	 as	 Consideration	
on	 its	Quantitative	Method	Described	 in	Chinese	Pharmacopoeia	
(2015	Edition).	Zhongguo Zhong Yao Za Zhi.	2020;45(8):1745-1755.	
doi:10.19540/j.cnki.cjcmm.20200330.201

	 7.	 Yin	 X,	 Lin	 L,	 Shen	M,	 et	 al.	 Analysis	 and	 pharmacokinetic	 study	
of polyphyllin H in beagle dog plasma after oral administration 
of	 Rhizoma	 Paridis	 extracts	 by	 LC-	MS/MS.	 Biomed Chromatogr. 
2014;28(12):1869-1873.	doi:10.1002/bmc.3236

	 8.	 Li	 J,	 Jia	 J,	Zhu	W,	Chen	J,	Zheng	Q,	Li	D.	Therapeutic	effects	on	
cancer of the active ingredients in rhizoma paridis. Front Pharmacol. 
2023;14:1095786.	doi:10.3389/fphar.2023.1095786

	 9.	 Quan	Q,	Weng	D,	Li	X,	et	al.	Analysis	of	drug	efficacy	for	 inflam-
matory	 skin	 on	 an	 organ-	chip	 system.	 Front Bioeng Biotechnol. 
2022;10:939629.	doi:10.3389/fbioe.2022.939629

	10.	 Manikandan	P,	Nagini	S.	Cytochrome	P450	structure,	function	and	
clinical significance: a review. Curr Drug Targets.	2018;19(1):38-54.	
doi:10.2174/1389450118666170125144557

 11. Machalz D, Pach S, Bermudez M, Bureik M, Wolber G. Structural 
insights into understudied human cytochrome P450 enzymes. 
Drug Discov Today.	 2021;26(10):2456-2464.	 doi:10.1016/j.
drudis.2021.06.006

 12. Chambers RK, Weaver JD, Kim J, Hoar JL, Krska SW, White MC. 
A	 preparative	 small-	molecule	 mimic	 of	 liver	 CYP450	 enzymes	 in	
the	 aliphatic	 C-	H	 oxidation	 of	 carbocyclic	 N-	heterocycles.	 Proc 
Natl Acad Sci USA.	 2023;120(29):e2300315120.	 doi:10.1073/
pnas.2300315120

	13.	 Jaladanki	CK,	Gahlawat	A,	Rathod	G,	Sandhu	H,	Jahan	K,	Bharatam	
PV.	Mechanistic	studies	on	the	drug	metabolism	and	toxicity	orig-
inating from cytochromes P450. Drug Metab Rev.	2020;52(3):366-
394.	doi:10.1080/03602532.2020.1765792

	14.	 Quintanilha	 JCF,	 de	Sousa	VM,	Visacri	MB,	 et	 al.	 Involvement	of	
cytochrome P450 in cisplatin treatment: implications for toxicity. 
Cancer Chemother Pharmacol.	 2017;80(2):223-233.	 doi:10.1007/
s00280-	017-	3358-	x

 15. Waring RH. Cytochrome P450: genotype to phenotype. Xenobiotica. 
2020;50(1):9-18.	doi:10.1080/00498254.2019.1648911

 16. Kato H. Computational prediction of cytochrome P450 inhibi-
tion and induction. Drug Metab Pharmacokinet.	2020;35(1):30-44.	
doi:10.1016/j.dmpk.2019.11.006

	17.	 Lynch	T,	Price	A.	The	effect	of	 cytochrome	P450	metabolism	on	
drug response, interactions, and adverse effects. Am Fam Physician. 
2007;76(3):391-396.

	18.	 Lin	 L,	 Wang	 Y,	 Shao	 S,	 et	 al.	 Herb-	drug	 interaction	 between	
Shaoyao-	Gancao-	Fuzi	 decoction	 and	 tofacitinib	 via	 CYP450	
enzymes. J Ethnopharmacol.	 2022;295:115437.	 doi:10.1016/j.
jep.2022.115437

	19.	 Pelkonen	O,	Turpeinen	M,	Uusitalo	J,	Rautio	A,	Raunio	H.	Prediction	
of drug metabolism and interactions on the basis of in vitro in-
vestigations. Basic Clin Pharmacol Toxicol.	 2005;96(3):167-175.	
doi:10.1111/j.1742-	7843.2005.pto960305.x

	20.	 Zhou	 J,	Qian	X,	Zhou	Y,	 et	 al.	Human	 liver	microsomes	 study	on	
the inhibitory effect of plantainoside D on the activity of cyto-
chrome P450 activity. BMC Complement Med Ther.	2022;22(1):197.	
doi:10.1186/s12906-	022-	03671-	5

	21.	 Zhang	 JW,	 Liu	 Y,	 Cheng	 J,	 et	 al.	 Inhibition	 of	 human	 liver	 cyto-
chrome P450 by star fruit juice. J Pharm Pharm Sci.	2007;10(4):496-
503. doi:10.18433/j30593

	22.	 Harding	 SD,	 Sharman	 JL,	 Faccenda	 E,	 et	 al.	 The	 IUPHAR/BPS	
guide	 to	 PHARMACOLOGY	 in	 2018:	 updates	 and	 expansion	 to	

encompass	the	new	guide	to	IMMUNOPHARMACOLOGY.	Nucleic 
Acids Res.	2018;46(D1):D1091-D1106.	doi:10.1093/nar/gkx1121

	23.	 Alexander	 SPH,	 Fabbro	 D,	 Kelly	 E,	 et	 al.	 THE	 CONCISE	 GUIDE	
TO	 PHARMACOLOGY	 2019/20:	 enzymes.	 Br J Pharmacol. 
2019;176(Suppl	1):S297-S396.	doi:10.1111/bph.14752

	24.	 Liu	L,	Sun	S,	Li	X.	Physcion	inhibition	of	CYP2C9,	2D6	and	3A4	in	
human liver microsomes. Pharm Biol.	2024;62(1):207-213.	doi:10.10
80/13880209.2024.2314089

	25.	 Zambon	 S,	 Fontana	 S,	 Kajbaf	 M.	 Evaluation	 of	 cytochrome	
P450 inhibition assays using human liver microsomes by a cas-
sette	 analysis	 /LC-	MS/MS.	 Drug Metab Lett.	 2010;4(3):120-128.	
doi:10.2174/187231210791698483

	26.	 Wang	Z,	Li	QQ,	Huang	CK,	et	al.	Determination	of	CYP450	activi-
ties	in	diabetes	mellitus	rats	by	a	UHPLC-	MS/MS	method.	J Pharm 
Biomed Anal.	2023;224:115191.	doi:10.1016/j.jpba.2022.115191

	27.	 Zhang	 D,	 Wu	 GD,	 Zhang	 YD,	 Xu	 JP,	 Zhen	 HT,	 Li	 MH.	 Effects	
of	 Digeda-	4	 decoction	 on	 the	 CYP450	 activities	 in	 rats	 using	 a	
cocktail method by HPLC. Biomed Res Int. 2018;2018:1415082. 
doi:10.1155/2018/1415082

	28.	 Wang	Z,	Zhou	K,	Liang	Z,	et	al.	In	vitro	investigation	on	the	effect	
of Dendrobine on the activity of cytochrome P450 enzymes. Planta 
Med.	2023;89(1):72-78.	doi:10.1055/a-	1806-	2935

	29.	 Huang	 K,	 Zhang	 P,	 Zhang	 Z,	 et	 al.	 Traditional	 Chinese	 medicine	
(TCM)	 in	 the	 treatment	 of	 COVID-	19	 and	 other	 viral	 infections:	
efficacies and mechanisms. Pharmacol Ther. 2021;225:107843. 
doi:10.1016/j.pharmthera.2021.107843

 30. Shimada T, Yamazaki H, Mimura M, Inui Y, Guengerich FP. 
Interindividual	 variations	 in	 human	 liver	 cytochrome	 P-	450	 en-
zymes involved in the oxidation of drugs, carcinogens and toxic 
chemicals: studies with liver microsomes of 30 Japanese and 30 
Caucasians. J Pharmacol Exp Ther.	1994;270(1):414-423.

	31.	 Chamboko	CR,	Veldman	W,	Tata	RB,	Schoeberl	B,	Tastan	BO.	Human	
cytochrome P450 1, 2, 3 families as Pharmacogenes with emphases on 
their	antimalarial	and	Antituberculosis	drugs	and	prevalent	African	al-
leles. Int J Mol Sci.	2023;24(4):3383-3411.	doi:10.3390/ijms24043383

	32.	 Grgic	J,	Pickering	C,	Del	Coso	J,	Schoenfeld	BJ,	Mikulic	P.	CYP1A2	
genotype and acute ergogenic effects of caffeine intake on exer-
cise performance: a systematic review. Eur J Nutr.	2021;60(3):1181-
1195.	doi:10.1007/s00394-	020-	02427-	6

	33.	 Guo	J,	Zhu	X,	Badawy	S,	et	al.	Metabolism	and	mechanism	of	human	
cytochrome	P450	 enzyme	1A2.	Curr Drug Metab.	 2021;22(1):40-
49.	doi:10.2174/1389200221999210101233135

	34.	 Wang	JF,	Zhang	CC,	Chou	KC,	Wei	DQ.	Structure	of	cytochrome	
p450s and personalized drug. Curr Med Chem.	2009;16(2):232-244.	
doi:10.2174/092986709787002727

	35.	 Wilkinson	 GR.	 Cytochrome	 P4503A	 (CYP3A)	 metabolism:	 pre-
diction of in vivo activity in humans. J Pharmacokinet Biopharm. 
1996;24(5):475-490.	doi:10.1007/BF02353475

 36. Lamba JK, Lin YS, Schuetz EG, Thummel KE. Genetic contribution to 
variable	human	CYP3A-	mediated	metabolism.	Adv Drug Deliv Rev. 
2002;54(10):1271-1294.	doi:10.1016/s0169-	409x(02)00066-	2

	37.	 Klein	K,	Zanger	UM.	Pharmacogenomics	of	cytochrome	P450	3A4:	
recent Progress toward the "missing heritability" problem. Front 
Genet. 2013;4:12. doi:10.3389/fgene.2013.00012

	38.	 Ran	G,	 Liao	Y,	Wang	X,	 et	 al.	Mechanistic	 study	of	Xanthotoxin-	
mediated	inactivation	of	CYP1A2	and	related	drug-	drug	interaction	
with Tacrine. Chem Res Toxicol.	 2023;36(3):420-429.	doi:10.1021/
acs.chemrestox.2c00360

	39.	 Monte	 AA,	 Heard	 KJ,	 Campbell	 J,	 Hamamura	 D,	 Weinshilboum	
RM,	Vasiliou	V.	The	effect	 of	CYP2D6	drug-	drug	 interactions	on	
hydrocodone effectiveness. Acad Emerg Med.	2014;21(8):879-885.	
doi:10.1111/acem.12431

	40.	 Lu	W,	Pan	M,	Zhang	P,	et	al.	The	pharmacokinetics	and	tissue	dis-
tributions of nine steroidal Saponins from Paris polyphylla in rats. 
Eur J Drug Metab Pharmacokinet.	2020;45(5):665-673.	doi:10.1007/
s13318-	020-	00633-	5

https://doi.org//10.3892/mmr.2019.10827
https://doi.org//10.3892/mmr.2019.10827
https://doi.org//10.1038/s41598-020-63632-1
https://doi.org//10.19540/j.cnki.cjcmm.20200330.201
https://doi.org//10.1002/bmc.3236
https://doi.org//10.3389/fphar.2023.1095786
https://doi.org//10.3389/fbioe.2022.939629
https://doi.org//10.2174/1389450118666170125144557
https://doi.org//10.1016/j.drudis.2021.06.006
https://doi.org//10.1016/j.drudis.2021.06.006
https://doi.org//10.1073/pnas.2300315120
https://doi.org//10.1073/pnas.2300315120
https://doi.org//10.1080/03602532.2020.1765792
https://doi.org//10.1007/s00280-017-3358-x
https://doi.org//10.1007/s00280-017-3358-x
https://doi.org//10.1080/00498254.2019.1648911
https://doi.org//10.1016/j.dmpk.2019.11.006
https://doi.org//10.1016/j.jep.2022.115437
https://doi.org//10.1016/j.jep.2022.115437
https://doi.org//10.1111/j.1742-7843.2005.pto960305.x
https://doi.org//10.1186/s12906-022-03671-5
https://doi.org//10.18433/j30593
https://doi.org//10.1093/nar/gkx1121
https://doi.org//10.1111/bph.14752
https://doi.org//10.1080/13880209.2024.2314089
https://doi.org//10.1080/13880209.2024.2314089
https://doi.org//10.2174/187231210791698483
https://doi.org//10.1016/j.jpba.2022.115191
https://doi.org//10.1155/2018/1415082
https://doi.org//10.1055/a-1806-2935
https://doi.org//10.1016/j.pharmthera.2021.107843
https://doi.org//10.3390/ijms24043383
https://doi.org//10.1007/s00394-020-02427-6
https://doi.org//10.2174/1389200221999210101233135
https://doi.org//10.2174/092986709787002727
https://doi.org//10.1007/BF02353475
https://doi.org//10.1016/s0169-409x(02)00066-2
https://doi.org//10.3389/fgene.2013.00012
https://doi.org//10.1021/acs.chemrestox.2c00360
https://doi.org//10.1021/acs.chemrestox.2c00360
https://doi.org//10.1111/acem.12431
https://doi.org//10.1007/s13318-020-00633-5
https://doi.org//10.1007/s13318-020-00633-5


10 of 10  |     WANG et al.

 41. Cooper CE. Competitive, reversible, physiological? Inhibition of 
mitochondrial cytochrome oxidase by nitric oxide. IUBMB Life. 
2003;55(10–11):591-597.	doi:10.1080/15216540310001628663

	42.	 Zhang	ZY,	Wong	YN.	Enzyme	kinetics	 for	 clinically	 relevant	CYP	
inhibition. Curr Drug Metab.	 2005;6(3):241-257.	 doi:10.2174/ 
1389200054021834

 43. Haupt LJ, Kazmi F, Ogilvie BW, et al. The reliability of estimating 
Ki values for direct, reversible inhibition of cytochrome P450 en-
zymes from corresponding IC50 values: a retrospective analysis 
of 343 experiments. Drug Metab Dispos.	 2015;43(11):1744-1750.	
doi:10.1124/dmd.115.066597

	44.	 Wang	H,	Xia	B,	Lin	M,	Wang	Y,	Sun	B,	Li	Y.	Succinic	acid	 inhibits	
the	 activity	 of	 cytochrome	 P450	 (CYP450)	 enzymes.	Pharm Biol. 
2020;58(1):1150-1155.	doi:10.1080/13880209.2020.1839110

	45.	 Zhan	Y,	Wang	A,	Yu	Y,	et	al.	Inhibitory	mechanism	of	vortioxetine	
on CYP450 enzymes in human and rat liver microsomes. Front 
Pharmacol.	2023;14:1199548.	doi:10.3389/fphar.2023.1199548

	46.	 Riley	RJ,	Grime	K,	Weaver	R.	Time-	dependent	CYP	inhibition.	Expert 
Opin Drug Metab Toxicol.	 2007;3(1):51-66.	 doi:10.1517/17425255. 
3.1.51

 47. Yates P, Eng H, Di L, Obach RS. Statistical methods for analy-
sis	 of	 time-	dependent	 inhibition	 of	 cytochrome	 p450	 enzymes.	

Drug Metab Dispos.	 2012;40(12):2289-2296.	 doi:10.1124/dmd. 
112.047233

	48.	 Karlgren	M,	Ahlin	G,	Bergstrom	CA,	Svensson	R,	Palm	J,	Artursson	
P.	In	vitro	and	in	silico	strategies	to	identify	OATP1B1	inhibitors	and	
predict	clinical	drug-	drug	interactions.	Pharm Res.	2012;29(2):411-
426. doi:10.1007/s11095-	011-	0564-	9

	49.	 Kawahara	I,	Nishikawa	S,	Yamamoto	A,	Kono	Y,	Fujita	T.	Assessment	
of contribution of BCRP to intestinal absorption of various drugs 
using	 portal-	systemic	 blood	 concentration	 difference	 model	 in	
mice. Pharmacol Res Perspect.	 2020;8(1):e00544.	 doi:10.1002/
prp2.544

How to cite this article: Wang E, Wang M, Gao M. Probe 
substrates assay estimates the effect of polyphyllin H on the 
activity of cytochrome P450 enzymes in human liver 
microsomes. Pharmacol Res Perspect. 2024;12:e70002. 
doi:10.1002/prp2.70002

https://doi.org//10.1080/15216540310001628663
https://doi.org//10.2174/1389200054021834
https://doi.org//10.2174/1389200054021834
https://doi.org//10.1124/dmd.115.066597
https://doi.org//10.1080/13880209.2020.1839110
https://doi.org//10.3389/fphar.2023.1199548
https://doi.org//10.1517/17425255.3.1.51
https://doi.org//10.1517/17425255.3.1.51
https://doi.org//10.1124/dmd.112.047233
https://doi.org//10.1124/dmd.112.047233
https://doi.org//10.1007/s11095-011-0564-9
https://doi.org//10.1002/prp2.544
https://doi.org//10.1002/prp2.544
https://doi.org/10.1002/prp2.70002

	Probe substrates assay estimates the effect of polyphyllin H on the activity of cytochrome P450 enzymes in human liver microsomes
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design
	2.2|HLMs assay
	2.3|Inhibition model fitting
	2.4|HPLC analysis
	2.5|Statistical analysis

	3|RESULTS
	3.1|Effect of polyphyllin H on the activity of CYPs
	3.2|Inhibition models of CYP1A2, 2D6, and 3A4
	3.3|Time-dependent characteristics of CYP1A2, 2D6, and 3A4 inhibition

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	PATIENT CONSENT STATEMENT
	REFERENCES


