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Abstract
The whole plant of Clerodendranthus spicatus	 (Thunb.)	 is	one	of	popular	 functional	
food	in	south	of	China,	named	as	“kidney	tea”	and	used	to	ameliorate	renal	inflamma-
tion.	In	order	to	verify	this	potential	function	and	explore	the	accurate	compounds	
responsible	for	inflammation,	the	ethanol	extract,	fractions,	and	subfractions	of	this	
plant	were	prepared	to	evaluate	anti-inflammation	effect	on	xylene-induced	acute	in-
flammatory	mice	model,	and	the	results	indicated	that	two	subfractions	from	EtOAc	
fraction	show	potential	activities.	Subsequent	bioassay-guided	isolation	of	the	bio-
active	subfractions	led	to	isolation	of	25	compounds.	Among	them,	compounds	2,	4,	
5,	9–11,	13,	16,	17,	and	20–22 inhibited the productions of pro-inflammation factors 
TNF-α,	IL-1β,	and	IL-8	in	lipopolysaccharide	(LPS)	-induced	renal	epithelia	(HK-2)	cells,	
respectively. Further anti-inflammation evaluation in vivo indicated that the major 
bioactive compounds 1,	2,	5–7,	17,	21, and 22 from C. spicatus were even better than 
aspirin.

Practical applications
C. spicatus as a healthy tea has been available in the Chinese market and as a medicine 
for	various	disorders	such	as	nephritis,	rheumatism,	inflammation,	gout,	and	diabe-
tes.	Previous	pharmacological	investigation	of	the	plant	revealed	the	potential	anti-
inflammatory	activities,	but	the	material	basis	of	anti-inflammatory	activity	remains	
to	be	elucidated.	In	our	study,	the	anti-inflammatory	fractions	and	compounds	were	
obtained	by	the	bioassay-guide	isolation	and	the	results	showed	that	the	highly	oxy-
genated	diterpenoids	were	major	anti-inflammatory	compounds,	in	which	1,	2,	5–7,	
17,	21, and 22 were even better than aspirin. This information supported kidney tea 
as a functional food for treatment of renal inflammation reasonably and may add a 
new dimension to biological activity of this plant in the field of agriculture as a func-
tional food were cultivated.
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1  | INTRODUC TION

Inflammation plays an important role in the development of acute 
and	 chronic	 kidney	 disease,	 which	 affects	 human	 health	 status	
(Scandrett	 et	 al.,	 1995).	 The	 exploration	 of	 new	 natural	 anti-in-
flammation agents from abundant resources is promising approach 
for	 the	 development	 of	 effective	 anti-inflammation	 drugs	 (Attiq	
et	al.,	2018;	Sharman	et	al.,	2019)	In	recent	years,	natural	products	
from edible or medicinal plants have caused great concern for their 
anti-inflammatory	potential,	such	as	polyphenol,	diterpenoids,	flavo-
noids	et	al.	(Farooqui	&	Farooqui,	2010;	Li	et	al.,	2017;	Sychrova	et	al.,	
2020;	Yahfoufi	et	al.,	2018).	Clerodendranthus spicatus	(Thumb.)	C.	Y.	
Wu	(Labiatae)	is	consumed	popularly	as	a	healthy	tea	to	relieve	renal	
inflammation,	 dysuria,	 diabetes,	 and	 kidney	 stones	 historically	 in	
many	countries	(Akowuah	et	al.,	2006;	Ashraf	et	al.,	2018)	Previous	
phytochemical investigation on C. spicatus indicated its chemical 
constituents	including	polymethoxyflavonoids,	phenolic	acid	deriv-
atives,	triterpenoids,	diterpenoids,	etc.	(Hossain	&	Rahman,	2015;	Li	
et	al.,	2017;	Ma	et	al.,	2015).	Also,	the	pharmacological	study	sug-
gested	that	the	ethanol	extract	of	C. spicatus may serve as anti-in-
flammation	agent	(Hsu	et	al.,	2010;	Nikolaev	et	al.,	2018)	However,	
only a few studies could be utilized to pinpoint the bioactive metab-
olites that might be responsible for anti-inflammatory properties of 
this	plant.	Therefore,	 for	the	sake	of	providing	more	scientific	evi-
dence,	the	bioassay-guided	phytochemical	investigations	of	C. spica-
tus were carried out in this study.

Following	its	traditional	use,	ethanol	extract	of	C. spicatus, and 
two	fractions	partitioned	by	ethyl	acetate	(EtOAc)	and	water	(AQ)	
from	the	ethanol	(EtOH)	extract,	were	prepared	for	anti-inflamma-
tion	evaluation	on	xylene-induced	acute	inflammatory	mice	model.	
The	 result	 indicated	 the	EtOAc	 fraction	with	better	bioactivity	 in	
vivo,	and	then,	 five	subfractions	were	prepared	 from	EtOAc	frac-
tion by chromatography. Their anti-inflammation effect was further 
evaluated	on	same	model,	and	the	results	indicated	that	two	sub-
fractions	were	 responsible	 anti-inflammation	 effect	mainly.	 After	

then,	25	compounds,	orthosiphol	M	(1),	(Awale	et	al.,	2001)	ortho-
siphonone	A	 (2),	 (Shibuya	 et	 al.,	 1999a)	 orthosiphol	N	 (3),	 (Awale	
et	al.,	2001),	orthosiphol	A	 (4),	 (Masuda	et	al.,	1992a)	orthosiphol	
B (5),	 (Masuda	et	al.,	1992b)	neoorthosiphol	A	 (6),	 (Shibuya	et	al.,	
1999a)	orthosiphol	D	(7),	(Takeda	et	al.,	1993)	orthosiphonone	D	(8),	
(Nguyen	et	al.,	2004)	spicatusene	B	(9),	(Luo	et	al.,	2018)	spicatusene	
C (10),	(Luo	et	al.,	2018)	orthosiphol	K	(11),	(Awale	et	al.,	2001)	or-
thosiphol L (12),	(Awale	et	al.,	2001)	norstaminol	B	(13),	(Stampoulis	
et	 al.,	 1999)	 2-o-deacetylorthosiphol J (14),	 (Awale,et	 al.,	 2003)	
orthosiphol	 E	 (15),	 (Takeda	 et	 al.,	 1993)	 neoorthosiphol	 B	 (16),	
(Shibuya	et	al.,	1999b)	fragransin	B1	(17),	(Miyachi	et	al.,	1987)	sy-
ringaresinol (18),	 (Sharp	et	al.,	2001)	asperglaucidev	(19),	 (Ishiguro	
et	 al.,	 1991)	 salvigenin	 (20),	 (Miana	 et	 al.,	 1985)	 sinensetin	 (21),	
(Akowuah	 et	 al.,	 2004)	 5,6,7,4′-tetramethoxyflavone	 (22),	 (Lee	
et	al.,	2008)	eupatorin	(23),	(Ramaraj	et	al.,	2018)	5,6,7,3′,4′-penta-
methoxyflavanone	(24),	(Iwase	et	al.,	2001)	and	caffeic	acid	methyl	
ester (25)	 (Starkov	et	al.,	1975)	were	 isolated	from	the	two	bioac-
tive subfractions. Further pharmacological investigation on pure 
compounds indicated that most of the isolates remarkably inhibited 
productions	of	 inflammatory	mediators	 (IL-8,	 IL-1β,	 and	TNF-α)	 in	
LPS-induced	HK-2	cells,	 and	compounds	1,	2,	5–7,	17,	21, and 22 
showed	 significantly	 anti-inflammatory	 on	 xylene-induced	 acute	
inflammatory mice model.

2  | MATERIAL S AND METHODS

2.1 | Plant materials

The plant of C. spicatus was purchased from the herb market of Juhua 
country	(Kunming,	Yunnan),	and	was	identified	by	Dr.	W.	Fang	from	
Kunming	Institute	of	Botany.	A	voucher	specimen	(Luo,	20181115)	
has	been	deposited	 in	 the	State	Key	Laboratory	of	Phytochemical	
and	 Plant	 Resources	 in	West	 China,	 Kunming	 Institute	 of	 Botany,	
CAS.

F I G U R E  1  The	procedure	of	preparation	the	extract,	fractions,	and	compounds
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2.2 | Preparation of the fractions, 
subfractions, and compounds

The separation procedure in Figure 1 and 25 compounds were iso-
lated from subfractions 1–2.

Orthosiphol M (1):	C31H38O10,	white	powder.	
13C NMR (CDCl3,	

100	 MHz)	 δ	 (ppm):	 16.2	 (q,	 C-20),	 20.8	 (q,	 2-COCH3),	 21.0	 (q,	
7-COCH3),	21.2	(t,	C-6),	21.9	(q,	C-19),	25.0	(q,	C-17),	28.8	(q,	C-18),	
34.7	(d,	C-5),	38.0	(s,	C-4),	42.7	(s,	C-10),	47.0	(t,	C-12),	49.4	(s,	C-13),	
51.9	(d,	C-9),	67.4	(d,	C-2),	71.2	(d,	C-7),	75.0	(d,	C-1),	76.3	(d,	C-3),	77.0	
(s,	C-8),	116.4	(t,	C-16),	128.5,	129.7,	130.1,	133.3	(1-COPh),	138.4	
(d,	C-15),	164.0	(s,	1-COPh),	168.5	(s,	7-COCH3),	169.9	(s,	2-COCH3),	
204.9	(s,	C-11),	208.2	(s,	C-14).

Orthosiphonone	 A	 (2):	 C38H42O11,	 white	 powder.	
13C NMR 

(CDCl3,	100	MHz)	δ	 (ppm):	16.7	 (q,	C-20),	20.8	 (q,	2-COCH3),	20.9	
(q,	 7-COCH3),	 21.1	 (t,	 C-6),	 22.2	 (q,	 C-19),	 25.2	 (q,	 C-17),	 28.2	 (q,	
C-18),	36.2	(d,	C-5),	37.8	(s,	C-4),	43.3	(s,	C-10),	47.7	(t,	C-12),	49.1	(,	
C-13),	51.8	(	d,	C-9),	65.8	(d,	C-2),	70.8	(d,	C-7),	73.9	(d,	C-1),	76.2	(d,	
C-3),	76.6	(d,	C-3),	116.8	(t,	C-12),	128.0,	128.0,	129.6,	130.0,	130.3,	
132.7,	132.8	 (1,3-COPh),	138.6	 (d,	C-15),	164.5	 (s,	3-COPh),	166.4	
(s,	1-COPh),	168.5	(s,	7-COCH3),	170.4	(s,	2-COCH3),	205.6	(s,	C-11),	
207.4	(s,	C-14).

Orthosiphol N (3):	C36H40O10,	white	powder.	
13C NMR (CDCl3, 

100	MHz)	δ	(ppm):	17.2	(q,	C-20),	21.1	(q,	2-COCH3),	22.7	(q,	C-18),	
24.4	(t,	C-6),	25.4	(q,	C-17),	28.2	(q,	C-19),	34.6	(d,	C-5),	37.8	(s,	C-4),	
43.2	(s,	C-10),	48.1	(t,	C-12),	48.7	(s,	C-13),	51.8	(d,	C-9),	66.2	(d,	C-2),	
66.5	(s,	C-7),	73.9	(d,	C-1),	76.8	(d,	C-3),	77.4	(s,	C-8),	115.9	(t,	C-16),	
128.7,	 128.8,	 129.5,	 129.7,	 130.0,	 130.1,	 133.5	 (1,3-COPh),	 140.1	
(d,	C-15),	164.8	(s,	3-COPh),	166.2	(s,	1-COPh),	169.9	(s,	2-	COCH3),	
208.0	(s,	C-11),	208.6	(s,	C-14).

Orthosiphol	A	 (4):	C38H44O11,	white	powder.	
13C NMR (CDCl3,	

100	 MHz)	 δ	 (ppm):	 16.9	 (q,	 C-20),	 21.0	 (q,	 2-COCH3),	 21.1	 (q,	
7-COCH3),	21.4	(t,	C-6),	22.3	(q,	C-19),	26.6	(q,	C-17),	28.9	(q,	C-18),	
35.5	(d,	C-5),	38.3	(s,	C-4),	39.6	(t,	C-12),	42.2	(d,	C-9),	43.7	(s,	C-10),	
47.7	(s,	C-13),	67.8	(d,	C-2),	68.9	(d,	C-11),	70.4	(d,	C-7),	74.1	(d,	C-1),	
75.6	(s,	C-8),	77,4	(d,	C-3),112.9	(t,	C-16),	127.8,	128.2,	129.5,	129.6,	
130.1,	 130.7,	 132.2,	 132.9	 (1,11-COPh),	 142.2	 (d,	 C-15),	 164.0	 (s,	
1-COPh),	166.2	(s,	11-COPh),	169.2	(s,	7-COCH3),	170.3	(s,	2-COCH3),	
208.6	(s,	C-14).

Orthosiphol B (5):	C38H44O11,	white	powder.	
13C NMR (CDCl3,	

100	 MHz)	 δ	 (ppm):	 16.4	 (q,	 C-20),	 20.3	 (q,	 3-COCH3),	 21.0	 (q,	
7-COCH3),	21.5	(t,	C-6),	22.6	(q,	C-19),	25.9	(q,	C-17),	27.8	(q,	C-18),	
36.7	(d,	C-5),	37.1	(s,	C-4),	40.1	(t,	C-12),	41.2	(d,	C-9),	44.0	(s,	C-10),	
48.0	 (s,	 C-13),	 66.2	 (d,	 C-2),	 68.7	 (d,	 C-11),	 71.0	 (d,	 C-7),	 75.5	 (s,	
C-8),	78.4	(d,	C-3),	78.9	(d,	C-1)	114.1	(t,	C-16),	128.1,	128.2,	129.6,	
130.0,	 130.1,	 130.3,	 132.8,	 133.5	 (1,11-COPh),	 141.3	 (d,	 C-15),	
166.1	(s,	1-COPh),	167.7	(s,	11-COPh),	168.5	(s,	7-COCH3),	170.6	(s,	
3-COCH3),	208.5	(s,	C-14).

Neoorthosiphol	 A	 (6):	 C38H44O12,	 white	 powder.	
13C NMR 

(CDCl3,	100	MHz)	δ	(ppm):	15.5	(q,	C-20),	20.9	(q,	2-COCH3),	20.9	(t,	
C-6),	21.2	(q,	7-COCH3),	22.4	(q,	C-19),	29.0	(q,	C-17),	29.3	(q,	C-18),	
34.4	(d,	C-5),	37.8	(s,	C-4),	40.6	(d,	C-9),	43.5	(s,	C-10),	54.9	(d,	C-12),	
67.9	(d,	C-2),	70.2	(d,	C-7),	70.3	(d,	C-11),	76.0	(d,	C-1),	76.6	(s,	C-13),	

76.8	(s,	C-8),	77.0	(d,	C-3),	121.1	(t,	C-16),	128.2,	128.5,	129.4,	129.5,	
130.6,	130.6,	133.2,	133.3	(1,11-COPh),	131.3	(d,	C-15),	164.1	(s,1-
COPh),	167.0	(s,	11-COPh),	169.9	(s,	7-COCH3),	170.0	(s,	2-COCH3),	
208.9	(s,	C-14).

Orthosiphol D (7):	 C31H36O9,	 white	 powder.	
13C NMR (CDCl3,	

100	 MHz)	 δ	 (ppm):	 19.7	 (q,	 C-20),	 20.1	 (q,	 2-COCH3),	 21.1	 (q,	
7-COCH3),	21.6	(q,	C-18),	22.9	(t,	C-6),	25.9	(q,	C-19),	26.7	(q,	C-17),	
39.1	(t,	C-12),	40.4	(s,	C-10),	44.5	(s,	C-4),	44.8	(d,	C-5),	45.9	(d,	C-9),	
48.1	(s,	C-13),	69.2	(d,	C-11),	70.6	(d,	C-7),	75.3	(s,	C-8),	115.8(t,	C-16),	
128.6,	129.8,	129.8,	133.5	(11-COPh),	140.0	(d,	C-15),	142.2	(s,	C-2),	
142.3	 (d,	 C-1),	 165.7	 (s,	 11-COPh),	 168.9	 (s,	 7-COCH3),	 169.1	 (s,	
2-COCH3),	196.2	(s,	C-3),	208.4	(s,	C-14).

Orthosiphonone D (8):	 C36H40O10,	 white	 powder.	
13C NMR 

(CDCl3,	100	MHz)	δ	(ppm):	17.0	(q,	C-20),	20.8	(q,	7-COCH3),	21.2	(t,	
C-6),	22.3	(q,	C-19),	25.4	(q,	C-17),	28.3	(q,	C-18),	36.3	(d,	C-5),	37.6	
(s,	C-4),	43.6	(s,	C-10),	48.1	(t,	C-12),	49.1	(s,	C-13),	51.9	(d,	C-9),	65.6	
(d,	C-2),	70.8	(d,	C-7),	76.2	(s,	C-8),	77.9	(d,	C-1),	78.6	(d,	C-3),	117.0	
(t,	C-16),	127.8,	128.1,	129.6,	129.7,	130.0,	130.2,	132.6,	133.3	(1,3-
COPh),	138.7	(d,	C-15),	166.8	(s,	1-COPh),	167.0	(s,	3-COPh),	168.4	
(s,	7-COCH3),	206.4	(s,	C-11),	207.2	(s,	C-14).

Spicatusene	 B	 (9):	 C38H42O11,	 white	 powder.	
13C NMR (CDCl3,	

100	MHz)	δ	(ppm):	12.5	(q,	C-17),	16.0	(q,	C20),	20.4	(s,	7-COCH3),	21.1	
(q,	3-COCH3),	21.4	(t,	C-6),	22.7	(q,	C-18),	28.1	(q,	C-19),	36.3	(d,	C-5),	
37.1	(s,	C-4),	44.3	(s,	C-10),	44.6	(d,	C-9),	66.2	(d,	C-2),	69.7	(d,	C-11),	
70.7	(d,	C-7),	75.2	(s,	C-8),	78.3	(d,	C-3),	79.7	(d,	C-1),	122.5	(t,	C-16),	
129.5	 (d,	 C-13),	 131.6	 (d,	 C-15),	 128.1,	 128.4,	 129.8,	 130.0,	 130.3,	
133.4,	133.5	(1,11-COPh),	153.4	(s,	C-12),	167.5	(s,	1-COPh),	168.9	(s,	
11-COCH3),	170.7	(s,	7-COCH3),	170.7	(s,	3-COCH3),	195.0	(s,	C-14).

Spicatusene	C	(10):	C38H42O11,	white	powder.	
13C NMR (CDCl3,	

100	MHz)	δ	(ppm):	12.4	(q,	C-17),	15.5	(q,	C-20),	20.9	(s,	7-COCH3),	
21.0	(q,	2-COCH3),	21.1	(t,	C-6),	22.8	(q,	C-18),	29.3	(q,	C-19),	34.7	(d,	
C-5),	38.2	(s,	C-4),	43.6	(s,	C-10),	45.0	(d,	C-9),	68.2	(d,	C-2),	70.0	(d,	
C-11),	70.7	(d,	C-7),	75.2	(s,	C-8),	75.7	(d,	C-1),	77.1	(d,	C-3),	122.3	(t,	
C-16),	128.1,	128.4,	129.5,	129.8,	130.0,	130.3,	131.6,	133.4,	133.5	
(1,11-COPh),	154.5	(s,	C-12),	163.5	(s,	11-COPh),	167.4	(s,	1-COPh),	
169.2	(s,	7-COH3)	170.1	(s,	2-COCH3),	195.3	(s,	C-14).

Orthosiphol K (11):	C36H42O10,	white	powder.	
13C NMR (CDCl3,	

100	MHz)	δ	 (ppm):	16.6	 (q,	C-20),	21.0	 (q,	7-COCH3),	21.4	 (t,	C-6),	
22.8	(q,	C-19),	26.0	(q,	C-17),	28.9	(q,C-18),	35.2	(d,	C-5),	37.3	(s,	C-4),	
40.2	(t,	C-12),	41.3	(d,	C-9）,	43.7	(s,	C-10),	47.8	(s,	C-13),	67.2	(d,	C-2),	
68.9	(d,	C-11),	70.8	(d,	C-7),	75.5	(s,	C-8),	77.6	(d,	C-3),	77.9	(d,	C-1),	
113.9	(t,	C-16),	128.1,	128.1,	129.6,	129.7,	130.2,	130.6,	132.6,	133.3	
(1,11-COPh),	141.5(d,	C-15),	166.5	 (s,	11-COPh),	167.7	 (s,	1-COPh),	
168.9	(s,	7-COCH3),	208.6	(s,	C-14).

Orthosiphol L (12):	 C38H44O12,	 white	 powder.	
13C NMR 

(CDCl3,	100	MHz)	δ	 (ppm)	17.0	(q,	C-20),	21.0	(q,	7-COCH3),	21.0	
(q,	2-COCH3)	21.3	(t,	C-6),	22.0	(q,	C-19),	22.2	(q,	C-17),	28.9	(q,C-
18),	35.6	(d,	C-5),	38.3	(s,	C-4),	42.7	(d,	C-9),	43.6	(s,	C-10),	53.8	(s,	
C-13),	68.1	(d,	C-2),	70.9	(d,	C-7),	72.7	(d,	C-11),	73.7	(s,	C-1),	74.6	(d,	
C-8),	75.8	(t,	C-12),	77.2(d,	C-3),114.3	(t,	C-16),	127.9,	128.2,	129.5,	
129.5,	 129.8,	 130.0,	 132.7,	 132.9(1,11-COPh),	 138.8(d,	 C-15),	
164.3	(s,	11-COPh),	166.7	(s,	1-COPh),	168.8	(s,	7-COCH3),	170.6	
(s,	2-COCH3),	205.6	(s,	C-14).
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Norstaminol B (13):	C37H44O12,	white	powder.	
13C NMR (CDCl3,	

100	 MHz)	 δ	 (ppm):	 15.9	 (q,	 C-20),	 20.8	 (q,	 2-COCH3)),	 21.4	 (q,	
7-COCH3),	21.5	(q,	C-17),	22.2	(q,	C-18),	23.6	(t,	C-6),	28.8	(q,	C-19),	
35.1	(d,	C-5),	38.1	(s,	C-4),	41.8	(s,	C-10),	43.6	(d,	C-12),	46.3	(d,	C-9),	
64.7	(d,	C-11),	67.5	(d,	C-2),	71.2	(d,	C-7),	72.6	(d,	C-15),	72.8	(t,	C-16),	
73.0	(d,	C-1),	77.1	(d,	C-3),	93.9	(s,	C-8),	104.7	(s,	C-13),	128.1,	128.5,	
129.4,	 129.5,	 129.6,	 132.7,	 133.0	 (1,11-COPh),	 164.4	 (s,	 1-COPh),	
165.6	(s,	11-COPh),	169.4	(s,	2-COCH3),	169.8	(s,	7-COCH3).

2-O-deacetylorthosiphol J (14):	 C31H38O10,	 white	 powder.	
13C 

NMR (CDCl3,	100	MHz)	δ	(ppm):	16.4	(q,	C-20),	20.8	(q,	3-COCH3),	
20.8	(q,	7-COCH3),	21.2	(t,	C-6),	22.2	(q,	C-19),	25.1	(q,	C-17),	28.0	
(q,	C-18),	36.1	(d,	C-5),	36.9	(s,	C-4),	43.1	(s,	C-10),	47.3	(t,	C-12),	49.3	
(s,	C-13),	51.9	(d,	C-9),	65.5	(d,	C-2),	71.1	(d,	C-7),	76.3	(s,	C-8)	77.2	
(d,	C-1),	78.0	(d,	C-3),	116.5	(t,	C-16),	128.2,	129.9,	130.0,	133.4	(1-
COPh),	138.5	(d,	C-15),	166.5	(s,	1-COPh),	168.4	(s,	7-COCH3),	171.1	
(s,	3-COCH3),	205.9	(s,	C-11),	207.9	(s,	C-14).

Orthosiphol	 E	 (15):	 C29H34O8,	 white	 powder.	
13C NMR 

(CD3OD,	100	MHz)	δ	(ppm):	20.6	(q,	C-20),	21.0	(q,	7-COCH3),	21.8	
(q,	C-18),	22.7	(t,	C-6),	25.8	(q,	C-19),	26.6	(q,	C-17),	39.1	(t,	C-12),	
39.7	(s,	C-10),	43.4	(s,	C-4),	45.1	(d,	C-5),	46.5	(d,	C-9),	48.0	(s,	C-13),	
69.2	(d,	C-11),	70.6	(d,	C-7),	75.1	(s,	C-8),	114.8(t,	C-16),	126.1	(d,	
C-1),	128.6,	129.8,	129.8,	133.5	(11-COPh),	140.8	(d,	C-15),	143.7	
(s,	 C-2),	 165.8	 (s,	 11-COPh),	 169.2	 (s,	 7-COCH3),	 200.0	 (s,	 C-3),	
208.47(s,	C-14).

Neoorthosiphol B (16):	 C38H44O12,	 white	 powder.	
13C NMR 

(CD3OD,	100	MHz)	δ	(ppm):	16.0	(q,	C-20),	20.5	(q,	3-COCH3),	21.3	(t,	
C-6),	21.3	(q,	7-COCH3),	22.2	(q,	C-19),	28.0	(q,	C-17),	29.2	(q,	C-18),	36.3	
(d,	C-5),	37.2	 (s,	C-4),	41.6	 (d,	C-9),	44.5	 (s,	C-10),	53.9	 (d,	C-12),	66.0	
(d,	C-2),	70.3	 (d,	C-7),	70.7	 (d,	C-11),	76.1	 (d,	C-13),	76.5	 (s,	C-8),	78.7	
(s,	C-3),	80.0	(d,	C-1)	120.9	(t,	C-16),	128.4,	128.54	129.3,	129.6,	130.1,	
130.2,	133.5	(1,11-COPh),	131.7	(d,	C-15),	166.3	(s,1-COPh),	167.9	(s,	11-
COPh),	169.5	(s,	7-COCH3),	170.8	(s,	3-COCH3),	208.3	(s,	C-14).

Fragransin B1 (17):	 C22H28O7,	white	 powder.	
13C NMR (CDCl3,	

100	MHz)	δ	(ppm):	13.0(q,	3,4-CH3),	44.3	(d,	C-3	and	4),	56.3	(q,	4	x	
OCH3),	87.5	(d,	C-2	and	5),	103.2	(d,	C-6′	and	C-6′′),	133.3	(s,	C-1′	and	
C-1′′),	134.2	(s,	C-4′	and	C-4′′),	147.0	(s,	C-3′	and	C-3′′).

Syringaresinol	(18):	C22H26O8,	white	powder.	
13C NMR (CD3OD,	

100	MHz)	δ	(ppm):	54.3	(C-1	and	5),	56.4	(4-OCH3)	71.8	(C-4	and	8),	
86.1	(C-2	and	6),	102.7	(C-2′,	6′,	2″	and	6″),	132.0	(C-1′	and	1″),	134.3	
(C-4′	and	4″),	and	147.2	(C-3′,	5′,	3″,	and	5″).

Asperglaucidev	 (19):	 C27H28O4N2,	 white	 powder.	
13C NMR 

(CDCl3,	100	MHz)	δ	 (ppm):	20.8	(q,	C-4),	37.4	(t,	C-2′′′),	38.4,	49	(t,	
C-2′′),	55.0	(d,	C-1′′),	64.6	(t,	C-2),	126.7	(d,	C-6′′),	127.0	(d,	C-3′,7′),	
127.1	 (d,	 C-4′′′),	 128.6	 (d,	 C-4′),	 128.6	 (d,	 C-5′′′,7′′′)),	 128.8	 (d,	
C-5′′,7′′),	 129.1	 (d,	 C-4′′′,8′′′),	 129.3	 (d,	 C-4′′,8′′),	 131.9	 (d,	 C-5′),	
133.6	(s,	C-2′),	136.6	(s,	C-3′′′),	136.7	(s,	C-3′),	167.1	(s,	C-1′),	170.2	
(s,	C-1),	170.8	(s,	C-3).

Salvigenin	 (20):	 C18H16O6,	 yellow	 powder.	
13C NMR (CDCl3,	

100	MHz)	 δ	 (ppm):	 55.5	 (q,	 4′-OCH3),	 56.3	 (q,	 7-OCH3),	 60.8	 (q,	
6-OCH3),	 90.5	 (d,	 C-8),	 104.0	 (d,	 C-3),	 106.1	 (s,	 C-10),	 114.5	 (s,	
C-3′),	123.5	(s,	C-1′),	128.0	(d,	C-6′),	132.6	(s,	C-6),	153.0	(s,	C-5),	
153.2	 (s,	C-9),	158.7(s,	C-7),	162.6	 (s,	C-2),	164.0	 (s,	C-4′),	182.6	
(s,	C-4).

Sinensetin	 (21):	 C20H20O7,	 yellow	 powder.	
13C NMR (CDCl3,	

100	MHz)	 δ	 (ppm):	 56.1	 (q,	 3′-OCH3),	 56.1(q,	 4′-OCH3),	 56.3	 (q,	
7-OCH3),	61.5	(q,	6-OCH3),	62.2	(q,	5-OCH3),	96.3	(d,	C-8),	107.3	
(d,	C-3),	 108.6	 (d,	C-2′),	 111.1	 (d,	C-5′),	 112.8	 (s,	C-10),	 119.6	 (d,	
C-6′),	124.0	(s,	C-1′),	140.3(s,	C-6),	149.2	(s,	C-3′),	151.8	(s,	C-4′),	
152.5	(s,	C-9),	154.5	(s,	C-5),	157.6	(s,	C-7),	161.1	(s,	C-2),	177.2	(s,	
C-4).

5,	6,	7,	4′-tetramethoxyflavone	 (22):	C19H18O6,	 yellow	powder.	
13C NMR (CDCl3,	 100	 MHz)	 δ	 (ppm):	 55.4	 (q,	 4′-OCH3),	 56.2	 (q,	
7-OCH3),	 61.5	 (q,	 6-OCH3),	 62.1	 (q,	 5-OCH3),	 96.3	 (d,	 C-8),	 106.8	
(d,	C-3),	112.7	(s,	C-10),	114.3	(s,	C-3′),	123.6	(s,	C-1′),	127.5	(d,	C-6′),	
140.2	(s,	C-6),	152.4	(s,	C-5),	154.4	(s,	C-9),	157.6	(s,	C-7),	161.0	(s,	
C-2),	162.0	(s,	C-4′),	177.1	(s,	C-4).

Eupatorin	 (23):	 C18H16O7,	 yellow	 powder.	
13C	 NMR	 (DMSO,	

100	 MHz)	 δ	 (ppm):	 56.3	 (q,	 4′-OCH3),	 56.9	 (q,	 7-OCH3),	 60.5	 (q,	
6-OCH3),	92.0	(d,	C-8),	103.8	(d,	C-3),	105.6	(s,	C-10),	112.6	(d,	C-5′),	
113.6	(d,	C-2′),	119.3	(d,	C-6′),	123.4	(s,	C-1′),	132.4	(s,	C-6),	147.3	(s,	
C-3′),	151.7	(s,	C-4′),	152.5	(s,	C-5),	153.1	(s,	C-9),	159.1	(s,	C-7),	164.3	
(s,	C-2),	182.6	(s,	C-4).

5,6,7,3′,4′-pentamethoxyflavanone	 (24):	 C20H22O7,	 yellow	
powder. 13C NMR (CDCl3,	100	MHz)	δ	 (ppm):	45.50	 (C-3),	61.59,	
61.30,	56.10,	55.97,	55.94	(5	× OCH3),	79.4	(C-2),	96.4	(C-8),	109.1	
(C-10),	109.3	 (C-2′),	 111.2	 (C-5′),	 118.8	 (C-6′),	 131.1	 (C-1′),	 137.5	
(C-6),	149.2	(C-3′),	149.4	(C-4′),	154.2	(C-5),	159.4	(C-7),	159.7	(C-
9),	189.5	(C-4).

Caffeic acid methyl ester (25):	C10H10O4,	white	powder.	
13C NMR 

(CD3OD,	100	MHz)	δ	(ppm):	50.6	(q,	3′-OCH3),	113.4	(d,	C-2′),	113.8	
(d,	C-2),	115.1	 (d,	C-5),	121.6	 (d,	C-6),	126.3	 (s,	C-1),	145.4	 (d,	C-′),	
145.5	(s,	C-3),	148.1	(,	C-4),	168.4	(s,	3′-COOCH3).

2.3 | Chemicals

Xylene	was	obtained	from	Tianjin	Chemical	Reagent	Production	Co.	
LTD	(China).	Tumor-necrosis	factor	α (TNF-α),	interleukin	1β (IL-1β),	
and	interleukin	8	(IL-8)	kits	were	purchased	from	Shanghai	Yuanye	
Bio-Technology	 Co.	 Ltd.	 (China).	 All	 other	 reagents	 were	 of	 the	
highest	 commercial	 grade	 available	 and	 purchased	 from	 Shanghai	
Aladdin	Biochemical	Technology	Co.	Ltd	(China).

2.4 | Cell culture and measurement of pro-
inflammation cytokine in vitro

HK-2	 cell	 line	 was	 obtained	 from	 Conservation	 Genetics	 CAS	
Kunming Cell Bank. Cells were cultured in Dulbecco's modified 
Eagle's	completed	medium	 (Hyclone,	U.S.A)	at	37°C	 in	a	humidi-
fied 5% of CO2	incubator.	An	MTT	assay	was	performed	to	test	the	
cytotoxic	effects	of	these	compounds	on	HK-2 cell survival in order 
to	 remove	 the	cytotoxic	compounds	according	 to	 the	 related	 lit-
eratures	(Mazloum-Ardakani	et	al.,	2019;	Wang	et	al.,	2018,	2020)	
Following,	HK-2 cells were harvested and diluted with complete 
medium into a density of 1 × 105	 cells/ml.	Suspended	cells	 (200	
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μl/well)	were	seeded	on	a	96-well	plate	and	incubated	overnight,	
before being attenuated with a culture medium containing dif-
ferent	compounds	(i.e.,	10	μg/ml)	followed	by	24	hr	of	incubation	
and	dexamethasone	(DXM,	10	μg/ml)	were	selected	as	a	positive	
control. The contents of IL-1β,	TNF-α,	and	IL-8	from	the	cell-free	
supernatant were determined by enzyme-linked immunosorbent 
assay	(ELISA)	kits	according	to	the	protocols	of	the	manufacturer	
(Li	et	al.,	2016).

2.5 | Animals

ICR	mice	(18–22	g)	were	purchased	from	Kunming	Medical	University	
(license	number	SCXK	2015-0004).	All	of	the	animals	were	housed	
at	 room	 temperature	 (20°C–25°C),	 constant	 humidity	 (40%–70%),	
12	hr	light–dark	cycle	in	SPF	grade	laboratory	(license	number	SYXK	
(Dian)	K2018-0005).	 The	 experiment	was	 reviewed	 and	 approved	
by	 the	 Institutional	 Animal	 Care	 and	 Use	 Committee	 of	 Kunming	
Institute	of	Botany,	Chinese	Academy	of	Sciences.	The	animal	study	
was performed according to the international rules considering ani-
mal	experiments	and	the	internationally	accepted	ethical	principles	
for laboratory animal use and care.

2.6 | Xylene-induced acute inflammatory 
model of mice

The inflammatory model of mice was established following the 
preceding	procedure	 (Zhao	et	al.,	2019).	The	mice	were	randomly	
assigned to different tested article groups and every group con-
tained	11	animals.	The	EtOH	extract,	EtOAc	fraction,	AQ	fraction,	
five	parts	 from	EtOAc	 fraction,	 and	10	 compounds	 (1,	2,	4–7,	17,	
20–22 in large quantities were given by intragastric administration 
for	three	consecutive	days	in	the	test	groups	with	aspirin	(ASP)	as	
a positive control. The model group was given the same volume of 
distilled	water	 by	 gavage.	 The	 right	 auricle	was	 externally	 coated	
with 30 μl	of	xylene	30	min	after	the	last	oral	administration,	and	
the left auricle as control for all animals. Mice were sacrificed by 
inhalation	anesthesia	1	hr	after	xylene	application.	Auricles	 in	the	
same position were collected and weighted. Weight difference be-
tween the right and left auricles for the same animal was evaluated. 
The anti-inflammatory activity was calculated using the following 
formula:

2.7 | Statistical analysis

Results	were	expressed	as	the	mean	± standard error of the mean 
(SEM).	 Statistical	 significance	 was	 determined	 using	 two-tailed	
Student's	 test,	 p values < .05 were considered as the significant 
value.

3  | RESULTS

3.1 | Effects of different fractions from C. spicatus 
on xylene-induced ear edema in animal

The dried of C. spicatus	were	extracted	with	95%	of	EtOH	under	re-
flux	conditions	(3	hr	×	4)	and	the	solvent	was	evaporated	in	vacuo	
to	afford	the	ethanolic	extract.	As	shown	in	Figure	2,	the	observed	
swelling	 in	 auricle	 induced	 by	 xylene	was	 repressed	 by	 treatment	
with	EtOH	extract,	EtOAc,	and	AQ	fractions	with	inhibition	ratio	of	
48.2%,	63.3%,	and	46.0%	at	dose	of	200	mg/kg	from	C. spicatus for 
three consecutive days (p <	 .05/.01).	 The	 EtOAc	 fraction	 showed	

Percentinhibition=Averageearweights (control)−Averageearweights(test)∕

Averageearweights(control)×100%

F I G U R E  2  Effect	of	different	fractions	from	C. spicatus on 
xylene-induced	ear	edema	in	animal.	Statistical	differences	are	
represented	as	(*/**)	p <	.05/.01	versus	the	model	group.	ASP,	
aspirin;	EtOH,	ethanol	extract;	EtOAc,	ethyl	acetate	fraction;	and	
AQ,	aqueous	fraction

F I G U R E  3  Effect	of	different	parts	from	EtOAc	fraction	on	
xylene-induced	ear	edema	in	mice.	Statistical	differences	are	
represented	as	(*/**)	p < .05/.01 comparing to the model group
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better	effect	than	the	positive	control	(ASP,	200	mg/kg)	with	inhi-
bition	ratio	of	53.9%	at	the	same	dose.	The	results	suggested	that	
EtOAc	fraction,	the	main	active	fraction,	was	mainly	responsible	for	
the anti-inflammatory effect of C. spicatus,	which	was	subject	to	fur-
ther investigation.

3.2 | Effects of different parts from EtOAc fraction 
on xylene-induced ear edema in mice

Further	 separation	 of	 EtOAc	 fraction	with	 silica	 gel	 column	 chro-
matography	 afforded	 five	 subfractions	 (Fr.1-Fr.5),	 and	 then,	 each	

F I G U R E  4   Chemical structures of compounds 1–25
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subfraction	 was	 also	 evaluated	 on	 xylene-induced	 ear	 edema	 of	
mice.	As	shown	in	Figure	3,	Fr.1	and	Fr.2	were	supposed	to	be	the	
most	effective	fractions	with	 inhibition	ratios	of	41.0%	and	48.9%	
at	dose	of	50	mg/kg.	Finally,	the	chemical	constituents	of	Fr.1	and	
Fr.2	were	investigated	in	further	isolation,	and	25	compounds	were	
obtained.	Their	 structures	 shown	 in	Figure	4	were	determined	by	
comparison	spectroscopic	data	with	the	literatures,	and	their	phyto-
chemical	ingredients	included	isopimarane-,	staminane-,	and	norsta-
minne-type	diterpenoids,	flavonoids,	flavanones,	and	lignin.

3.3 | Compounds from bioactive subfractions 
inhibited pro-inflammatory cytokines production in 
LPS-induced HK-2 cells

TNF-α,	IL-1β, and IL-8 were selected as the representatives of pro-
inflammatory	 cytokines.	As	 shown	 in	 Figure	 5,	 the	 levels	 of	 TNF-
α,	 IL-1β,	and	IL-8	were	increased	significantly	after	LPS	stimulation	
(p <	.01)	comparison	with	the	control	values,	and	the	secretions	of	

pro-inflammatory cytokines could be decreased after the pretreat-
ment of bioactive compounds at the concentration of 10 μg/ml by 
comparison	with	 that	 of	 LPS	 group.	Of	 note,	 the	 inhibitory	 effect	
of	all	compounds	on	the	proliferation	of	HK-2	cells	(Figure	5a)	were	
not observed at the same concentration of 10 μg/ml (p >	.05),	which	
excluded	their	cytotoxicity.	compounds	2,	3,	5–7,	9,	10,	13,	17, and 
21 showed the pronounced effect on inhibiting the production of 
IL-1β (p <	.05/.01,	Figure	5b),	compounds	5–7,	9,	10,	13,	16,	17, and 
21 showed marked decrease on the production of TNF-α (p <	 .05,	
Figure	5c).	Moreover,	compounds	2,	5,	9–11,	13,	17,	20, and 21 re-
duced the level of IL-8 (p <	.05/.01,	Figure	5d)	significantly.

3.4 | Compounds from bioactive subfractions 
repressed xylene-induced ear edema of mice

Further confirmation of the anti-inflammatory effect of bioactive 
compounds	 in	vivo	was	carried	out	on	same	animal	model.	All	 the	
tested	compounds,	except	for	4 and 20,	showed	marked	repression	

F I G U R E  5  Effect	of	25	compounds	on	inflammatory	cytokines	and	cell	viability	in	LPS-induced	HK-2	cells.	Dates	are	shown	as	the	
mean ± SEM.	Statistics:	(##)	p <	.01	versus	the	control.	(*/**)	p <	.05/.01	versus	LPS.	Dexamethasone	(DXM)	is	positive	control.	(a)	Representing	the	
effects of compounds (10 μg/ml)	on	cell	viability	in	order	to	remove	the	cytotoxic	compounds	according	to	the	related	literatures.	(b)	Representing	
the effects of compounds on IL-1β.	(c)	representing	the	effects	of	compounds	on	TNF-α;	(d)	representing	the	effects	of	compounds	on	IL-8.	LPS:	
Lipopolysaccharide	phosphate;	DXM:	dexamethasone;	Statistical	differences	are	represented	as	(*/**)	p < .05/.01 versus the control group
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in the observed auricle swelling (p <	 .05/.01)	after	 the	administra-
tion	 of	 compounds	 for	 3	 days,	 and	most	 compounds	 appeared	 to	
be	more	effective	than	the	positive	control	(ASP,	200	mg/kg)	with	
inhibition	ratios	of	56.2%	(compound	1),	68.7%	(compound	2),	37.5%	
(compound 5),	 49.1%	 (compound	 6),	 40.2%	 (compound	 7),	 64.3%	
(compound 17),	58.0%	 (compound	21),	42.8%	 (compound	22),	 and	
41.07%	(ASP),	respectively,	in	Figure	6.

4  | DISCUSSION

Earlier	studies	of	C. spicatus involved in anti-inflammation activities 
of	the	crude	extract,	while	the	report	of	bioactive	compounds	from	
this	plant	is	rare.	Here,	our	study	demonstrated	the	anti-inflamma-
tory	activity	of	ethanolic	extract,	EtOAc	fraction	further	validated	
its	 traditional	 application.	Moreover,	 25	 compounds	were	 isolated	
from	bio-subfractions.	Among	them,	compounds	2,	4,	5,	9–11,	13,	
16,	17,	and	20–22 inhibited the productions of pro-inflammatory cy-
tokines (TNF-α,	IL-1β,	and	IL-8)	in	lipopolysaccharide	(LPS)	-induced	
renal epithelia (HK-2)	cells,	respectively.	Furthermore,	compounds	1,	
2,	5–7,	17,	21, and 22	inhibited	the	auricular	swelling	in	mice,	which	
were consistent with the results in vitro.

Meanwhile,	 16	 highly	 oxygenated	 diterpenoids	 were	 isolated	
from	 the	bioactive	 fraction	of	 this	 plant,	 and	most	 of	 these	diter-
penoids	 exhibited	 anti-inflammatory	 properties	 in	 vitro.	 Then,	
a structure–activity relationship was preliminary discussed. 
Compound 2	 exhibited	 potent	 anti-inflammation	 effect,	 which	 is	
better than compound 1 both in vitro and in vivo. The structures of 
compounds 1 and 2	were	similar,	except	for	one	more	benzoyl	group	
at C-3 of compound 2,	which	indicated	the	importance	of	nonpolar	
substituent at C-3 for its anti-inflammation effect. Further compari-
son of anti-inflammation effect of similar structures of 1,	2,	3,	8, and 
14	in	vitro,	assumed	that	more	nonpolar	substituents	could	increase	

bioactivity	 for	 highly	 oxygenated	 diterpenoids.	 The	 assumption	
was further supported by structure–activity relationship analysis of 
compounds 4,	5,	11, and 12,	in	which	compound	5 with more non-
polar	substituents,	especially	at	C-3	showed	best	anti-inflammation	
among them effect both in vitro and in vivo.

Compounds 6 and 16	with	same	molecular	formula	and	skeleton,	
and	the	difference	is	position	of	an	acetyl	group	(C-2	or	C-3),	while	
both the compounds showed the moderate anti-inflammation activ-
ity.	Similarly,	compounds	9 and 10 sharing same molecular formula 
and	skeleton,	inhibited	the	level	of	TNF-α,	IL-1β,	and	IL-8	significantly,	
and the acetyl group at either C-2 or C-3 did not change their bioac-
tivity	remarkably.	Moreover,	comparison	of	compound	15,	compound	
7 having one more acetyl substituent at C-2 inhibited the production 
of IL-1β and TNF-α	dramatically,	in	accordance	its	anti-inflammation	
activity	in	vivo.	Besides,	well	known	flavonoids	also	showed	inflam-
mation	 activity,	 and	 further	 structure–activity	 relationship	 analysis	
of flavonoids 20–23 indicated that more nonpolar substituents for 
flavonoid	 increased	 anti-inflammation	 effect.	 Then,	 compound	 21 
showed best bioactivity among them in vitro and in vivo.

Based	on	 a	 comprehensive	 literature	 survey,	 some	highly	 oxy-
genated isopimarane-type diterpenes from C. spicatus inhibited pro-
ductions	of	NO	in	vitro	(Awale	et	al.,	2003;	Nguyen	et	al.,	2004).	Two	
major compounds of C. spicatus,	orthosiphol	A	 (4)	and	orthosiphol	
B (5),	 were	 reported	 to	 inhibit	 TPA-induced	 inflammation	 in	 vivo	
(Masuda	 et	 al.,	 1992),	which	was	were	 consistent	with	 our	 exper-
imental	 results.	 Besides,	more	 bioactivity	 compounds	were	 found	
and their activity were verified in animal.

5  | CONCLUSIONS

This study evaluated the anti-inflammatory activities of the etha-
nolic	extract,	EtOAc	fractions	of	C. spicatus	by	xylene-induced	acute	
inflammatory	mice	model.	Moreover,	25	compounds	were	 isolated	
and identified from the bioactive subfractions of this plant. Most of 
these	compounds	exhibited	anti-inflammatory	properties	in	vitro	by	
inhibiting	 productions	 of	 inflammatory	 mediators	 (IL-8,	 IL-1β,	 and	
TNF-α).	Compounds	1,	2,	5–7,	17,	21, and 22 also showed significant 
anti-inflammation	activity	in	vivo.	This	study	supports	“kidney	tea”	
as a functional food for treatment of renal inflammation and other 
related diseases reasonably.
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