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a  b  s  t  r  a  c  t

Celosia  argentea  L.,  Amaranthaceae,  is widely  used  as traditional  medicine  with  a  long  history  in China.
It  is  a unique  source  of  Semen  Celosiae  whose  contributions  include  purging  the hepatic  pathogenic  fire,
improving  eyesight,  and  treating  other  eye  diseases.  Over  79 compounds  from  this  plant  were  isolated  and
identified,  mainly  including  saponins,  peptides,  phenols,  fatty  acids,  and  amino  acids,  of  which  saponins
have  been  considered  as  the  characteristic  and  active  constituents  of  Celosia  argentea.  Experimental  evi-
dences manifested  that  Celosia  argentea,  with  its  active  compounds,  possesses  wide-reaching  biological
elosin
harmacology
oxicology clinical applications

activities  such  as hepatoprotection,  tumor  treatment,  anti-diarrhea,  anti-diabetes,  anti-oxidant,  anti-
hypertension,  and  for  treatment  of  a number  of eye  diseases.  The  objective  of  the  study  was  to provide  an
overview  of  the ethno-pharmacology,  chemical  constituents,  pharmacology,  and  related  clinical  appli-
cations  of  Celosia  argentea,  and to  reveal  their  therapeutic  potentials,  and  secure  an  evidence  base  for
further  research  works  on  Celosia  argentea.

©  2016  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

People have been using medicinal plants since the dawn of
uman history. For many of these plants, when and how exactly
he isolation and extraction of their medicinal properties have
tarted are unknown. A large number of wild and cultivated plants
re being used for treating various disorders and diseases around
he world, particularly in some developing countries. Even the
ses of some medicinal plants have been supported by long-term
ractices and systemic theories. With the increasing knowledge
f phytochemistry and pharmacology, people have come to clear
nderstanding of the chemical compositions and mechanisms of
edicinal plants.
Celosia argentea L., commonly called Qingxiang ( ), is an annual

erb that belongs to the Amaranthaceae family. Theoblate, black or
eddish black seeds, commonly called Qingxiangzi ( ) in Chi-
ese, are usually collected in autumn when the infructescence

atures, then the plant is picked or cut, then dried, and the seeds

re collected and then refined. The dried ripe seed is for clini-
al use. Semen Celosiae was initially recorded in Shen Nong Ben
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Cao (Shen, 1997) which is deemed as the earliest classical herb
in China, and is frequently used in traditional Chinese medicine
for treating eye diseases, ulcer, to serve as anthelminthic, to treat
trauma to blood, hygro-paralysis etc.  According to records of tra-
ditional Chinese medicine theory, Semen Celosiae is reputed for
purging hepatic pathogenic fire to improve eyesight (Committee for
the Pharmacopeia of PR China, 2010). Recently, with the increas-
ing extensiveness of studies on chemical constituents of Chinese
Medicinal Materials, the compounds of C. argentea are also being
isolated and characterized, including saponins, peptides, phenols,
fatty acids, amino acids, minerals, and so on. Modern pharmacologi-
cal studies manifested that Semen Celosiae possesses miscellaneous
bioactivities such as hepatoprotection (Hase et al., 1996, 1997;
Sun et al., 2010; Wang et al., 2010; Xue et al., 2011; Wu et al.,
2013), anti-tumor (Hayakawa et al., 1998), anti-diarrhea (Sharma
et al., 2010), anti-diabetes (Vetrichelvan et al., 2002), anti-oxidant
(Molehin et al., 2014) and so on. In addition, with respect to its
high-nutritive value, it is also highly consumed as a leafy vegetable
in some areas (Nadkarni, 1982; Kiritikar and Basu, 1987).

In this paper, C. argentea is reviewed on biological and phar-
macognostic characterization, traditional and folk uses, chemical

constituents, pharmacological activities, and toxicology, which will
be significant for the exploitation of new drugs and full utiliza-
tion of this plant. The possible tendency and perspective for future
investigation of this plant are also discussed.
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ethod

In the present review, information on C. argentea L., Ama-
anthaceae, were gathered through searching scientific databases
ncluding Web  of Science, ScienceDirect, PubMed, Scopus, Springer
ink, VIP, and CNKI. In addition, related Chinese classic herbal lit-
rature were also examined and searched.

iological and pharmacognostic characterizations

Celosia argentea L. (Figs. 1 and 2), an annual herb, belongs to the
maranthaceae family. This genus consists of sixty species world-
ide, but only two species in China, C. argentea and Celosia cristata,
hile in other countries and regions, C. cristata is still grouped in

he C. argentea as a variant (C. argentea var. cristata) (Fig. 3). As for
he consanguinity to C. argentea, C. cristata is usually used as an

dulterant consciously or unconsciously.

C. argentea is a herbaceous plant whose upright stem varies
etween 30 cm and 100 cm in height. Flowers are bisexual, pink
r white in terminal elongated spikes of 2.5–15 by 2–2.5 cm,

Fig. 1. The plant of Celosia argentea. (A) The aerial parts and (B) the inflorescence.

Fig. 2. The seeds of Celosia argentea (Semen Celosiae).
Fig. 3. The plant of Celosia cristata.

crowded ovate bracteoles, oblanceolate, and curved. The inflores-
cence is cylindraceous or trochiformis on the top of stems and
branches. Semen Celosiae is splendent oblate seed, with a diame-
ter of 1–1.5 mm,  black or reddish-black surface, middle-eminence,
hilum in latero-scoop, and with its seed coat thin and crumbly.
Albuminous cell is filled with starch grains and aleuron grains, and
contains fatty oil drops and calcium oxalate prisms (Ma,  2012).
However, note that the Semen Celosiae is the most important part
for medicine in C. argentea, but due to the equivocal profile, col-
oration, and texture, it is hard to distinguish the Semen Celosiae from
Semen Cristata. Therefore, both sequence-related amplified poly-
morphism system (SRAP) and HPLC fingerprints techniques were
used in the detection and evaluation of C. argentea objectively (Guo
et al., 2008; Wang et al., 2008a,b; Feng et al., 2009).

Because C. argentea grows in warm and wet climate, and is lax to
the edaphic condition, it is widely distributed in China, and in other
subtropical and tropical regions of the world, such as Sri Lanka,
South Asia, Africa, and America (Kiritikar and Basu, 1987; Board,
2003). The wide distribution of C. argentea supports its extensive
applications.

Traditional and folk uses

Semen Celosiae was  initially recorded in Shen Nong Ben Cao (Shen,
1997) and included in the 2010 edition of Chinese Pharmacopeia
(State Committee of Pharmacopeia, 2010). Described in Shen Nong
Ben Cao, Semen Celosiae is of bitter taste and slightly cold, and it
could purge the liver of pathogenic fire, improve eyesight, and elim-
inate nephelium (Shen, 1997). The leaf and stem of C. argentea, also
of bitter taste and slightly cold, could purge the skin pathogenic
fire, treat ulcer, and stop surgical trauma-induced bleeding. ‘Qingxi-
angzi’ has also been reported in series of Chinese herbal and medical
classics, such as Ben Cao Gang Mu (Li, 2003), Ben Cao Qiu Zhen
(Huang, 1987), Zheng Zhi Zhun Sheng (Wang, 1993), Yi Zong Jin Jian
(Wu,  1987).

Semen Celosiae is frequently accompanied with other traditional
Chinese medicine as a complex prescription for treating various eye
and eye-related diseases. It has impressive clinical effects, mainly
from classic prescriptions made and as seen and read in ancient
Chinese medical record. Semen Celosiae, with Semen Cassiae, Fruc-
tus Leonuri, and Cornu Saigae tataricae could cure liver hyperpyrexia

induced by conjunctival congestion, eye swell, nephelium, blurred
vision, and other eye diseases (Wang, 1993). Along with Rhizome
Rehmanniadride, Radix Scrophulariae,  and Semen Plantaginis, it is
good for treating blurred vision induced by hepatic asthenia and
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Box 1: The traditional and clinical usages of Celosia argentea in China
Preparation name Main compositions Indications Preparation name

Qing xiang wan ( ) Semen Celosiae, Radix Rehmanniae,
Semen Cuscutae, Fructus Leonuri
Japonici,  Raidix Aaposhnikoviae,
Fructus Schisandrae Chinensis,  Radix
Pedicularis Davidii, Radix Bupleuri,
Rhizoma Alismatis, Semen Plantaginis,
poria

Indicated for hepatic asthenia to
pyreticosis, ocular hyperemia,
ophthalmodynia, phengophobia,
dryness of eye, eye nebula, blurred
vision ( , , ,

, , )

Yi Zong Jin Jiana

( )

Qing  xiang zi wan ( ) Semen Celosiae, Radix Gentianae,
Radix Scutellariae Baicalensis, Fructus
Gradeniae,  Radix Sophorae
Flavescentis,  Cortex Phellodendri
Amurensis,  Trichosanthes kirilowii
Maxim, Rhizoma Coptidis

Indicated for typhoid fever, inner
stagnation of pathogenic heat,
polydipsia ( , , )

Ji Yan Fanga

( )

Long  Nao Qing Xiang Wan
(  )

Semen Celosiae, Borneol, Radix
Ginseng,  Semen Plantaginis, Poria
alba,  Rhizomza seu, Radix notopterygii,
Herbal asari, Rhizoma Gastrodiae,
Radix Saposhnikoviae, Concha
Haliotidis (bruising and lecigating),
Calculus bovis, Flos inulae,  Moschus,
azurite ore

Indicated for external pathogen
induced liver asthenia, epiphora
induced by wind, blurred vision
(  , , )

Tai Ping Sheng Hui Fanga

( )

Qing  Xiang Zi San 1 ( ) Semen Celosiae, Radix Sophorae
Flavescentis, Rhizoma Coptidis,
Omphalia, Realgar, Semen Persicae,
Herba Polygoni Avicularis,  Radix
Indigoferae Szechuanensis

Indicated for pedo-ascarid,
cardiodynia, emesia ( ,

, )

Tai Ping Sheng Hui Fanga

( )

Preparation name Main compositions Indications References

Qing Xiang Zi San 2 ( ) Semen Celosiae, Rhizoma et Radix
Notopterygii, Raidix Saposhnikoviae,
Concha Haliotidis, Radix Glycyttizae,
Radix Saposhnikoviae, Concha
Haliotidis, Radix Glycyttizae,
Periostracum Cicadae, Periostracum
Serpentis, Spice Schizonepetae, Radix
Atracylodis

Indicated for blurred vision owing
to senility ( , )

Sheng ji zong lua

( )

Qing  Bai Gao ( ) Semen Celosiae, Galbanum Promote tissue regeneration,
indicated skin ulceration ( ,

)

Jie Wei Yuan Soua

( )

Huan  Su Tang ( ) Semen Celosiae, Flos Dendranthematis,
Periostracum Cicada, Folium Mori, Flos
Eriocauli Sexangulars, Herba Menthae
Haplocalycis, Spica Prunellae Vulgaris

Indicated for conjunctival
congestion, lacrimation induced by
irritation of the wind,
phengophobia, failure to open
eyes, even with ophthalmodynia,
superficial and rapid pulse ( ,

, , ,
)

Nei Ke Gai Yaoa

( )

Proved by The National Standard Compilation of Chinese Medicine (NSCCM)
Yu  Lan Jiang Tang Jiao Nang
( )

Semen Celosiae, Radix Scutellariae,
Folium Mori, Fructus Arctii, Radix
Wahlenbergiae Marginatae, Herba
Scutellariae Barbatae, Rhizoma et Radix
Dispori Cantoniensis

Clear heat and nourish Yin,
promote the production of body
fluid to quench thirst, indicated for
internal heat due to yin deficiency
caused by diabetes, type 2 diabetes
and complications

NSCCMb

Yang Gan Huan Jing Wan
(  )

Semen Celosiae, Radix Codonopsis,
almond, Fructus Lycii, Radix Cyathulae,
Radix Saposhnikoviae, Flos
Dendranthematis,  Pulvis Cornus Bubali
Concentratus, Radix Rehmanniae
preparata, Semen Cuscutae (parching
processing), poria, Rhizoma Dioscoreae
oppositae,  Cornu Saigae tataricae,
Semen Cassiae, Radix Asparagi
cochinchinensis

Pacify liver and the external
pathogen, nourish the liver and
improve eyesight, indicated for
blurred vision, photophobia,
mydriasis ( ,

,
, )

NSCCMb

Ming Mu Er Shi Wu  Wei Wa  n
( )

Semen Celosaie, Radix
Genseng,Semen Cassiae obtusifoliae,
Rhizoma smilacis Glabrae, Fructus
Lycii,Concha Haliotidis,Fructus Leonuri
Japonici, Fructus Tribuli,Radix
Ophiopogonis Japonici, Flos Buddlejae,
Fructus Toosendan, Radix Rubiae
cordifoliae, Radix Achyranthis
bidentatae,  Flos Dendranthematia Indici

Nourish Yin, purify the hepatic
pathogenic fire, indicated for
conjunctival congestion, dim
eyesight, dryness of eye,
nephelium, hypopsia ( ,

. ,
, )

NSCCMb
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Box 1: (Continued)

Preparation name Main compositions Indications References

Chu Yi Ming Mu  Pian
( )

Semen Celosaie, Spice Prunellae, Flos
Buddlejae,  Fructus Gradeniae,  Flos
Dendranthemtis, Radix Paeoniae
Rubra,Cortex Moutan Radicis, Herba
Menthae Haplocalycia, Semen
Plantaginis, Herba Equiseti Radix
Saposhnikovia, Rhizoma Chuanxiong,
Fructus Frsythiae Suspensae, Fructus
Arctii

Clear heat, purge fire, dispel
wind-evil and remove nebula,
indicated for pathogenic wind-fire
disturbance, conjunctival
congestion, sore pain, pupil nebula,
photophobia, and tearing ( ,

, ,
, )

NSCCMb

Shi Hu Ye Guang Wan
(  )

Semen Celosiae, Herba Dendrobii
Nobilis,  Radix Ginseng, Radix
Dioscoreae Oppositae,  Poria, Radix
Glycyrrhizae,  Herba Cistanches
Deserticolae, Fructus Lycii, Semen
Cuscutae, Radix Rehmanniae, Radix
Rehmanniae preparata,  Fructus
Schisandrae Chinensis,  Radix Asparagi
Cochinchinensis, Radix Ophiopgonis
Japonici, Semen Armeniacae Amarum

Nourish yin, tonify kidney, clear
liver and improve eyesight,
indicated for both liver and kidney
deficiency, asthenic yin causing
excessive pyrexia, internal
oculopathy, dim vision and blurred
vision ( , ,

, , )

Pharmacopeia of the People’s
Republic of China (2010)b

Approved by the China Food and Drug Administration (CFDA)
Zhang Yi San ( ) Semen Celosiae, Radix Salviae

Miltiorrhizae, Flos Carthami, Fructus
Leonuri Japonici, Semen Cassiae
Obtusifoliae, Periostracum Cicadae,
Myrrha, Radix Astragali Mongolici,
Thallus Laminariae Japonicae,  Thallus
Sargassi Pallidi,  Caulis ristolochiae,
Man-shuriensis, Calamina, Margarita,
Amber

Remove blood stasis, remove
nebula, indicated for senile cataract
and corneal nebula
( , )

CFDAb

Zhang Yan Ming Pian
(  )

Semen Celosiae, Rhizoma Acori
Tatarinowii, Semen Cassiae
Obtusifoliae, Herba Cistanches
Deserticolae, Radix Puerariae Lobatae,
Radix Codonopsis, Fructus Viticis
Simplicifoliae,  Fructus Lycii, Semen
Plantaginis,  Radix Paeoniae Alba,
Fructus Macrocarpii, Radix
Glycyrrhizae,  Semen Cuscutae,
Rhizoma Cimicifugae foetidae, Nux
Prinsepiae

Tonify liver and kidney, remove
nebula and improve eyesight,
indicated for the early and middle
senile cataract ( , .

)

CFDAb

Fu Fang Shi Hu Pian
( )

Semen Celosiae, Radix Ginseng, Cornu
Saigae Tataricae, Fructus Schisandrae
Chinensis,  Fructus Lycii, Radix
Chuanxiong, Rhizoma Dioscoreae
Oppositae, Radix Rehmanniae, Radix
Angelicae Sinensis, Pulvis Cornus
Bubali Concentratus, Radix Scutellariae
Baicalensis, Fructus Gradeniae, Radix
Saposhnikoviae, Herba Dendrobii
Nobilis,  Fructus Aurantii Submaturus
(parch processing)

Nourish the liver and kidney,
benefit Qi and improve eyesight,
indicated for internal oculopathy,
hypopsia, mydriasis, hyalosis
induced blurred vision and
epiphora induced by wind ( ,

, , ,
,

)

CFDAb
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Cited from the website: http://www.viki8.com.
b Cited from the website: http://db.yaozh.com.

eat in blood (Wu,  1987). More important information about pre-
criptions of Semen Celosiae is given in Box 1, in which it acts as
rincipal, ministerial or adjunctive drug. Moreover, it can also be
sed as a messenger drug, but this will not be explained in this
eview.

Apart from the records in published works, C. argentea also
as extensive officinal value in folk use. Around the area of Limu
ountains of the Hainan Island, China, its radix extract is used

o treat stomachache (Zheng et al., 2013). In some rural areas
ndia, C. argentea is used to for postpartum hemorrhaging (Tamara
nd Sarah, 2005) and aperients (Bhatia et al., 2014), skin allergies
Sujogya, 2014), anti-dysentery, and anti-diarrhea (Raju and Reddy,

005). Although folk application mainly depended on experience
r passed on from earlier generations, with the lack of systemati-
al theory and scientific evidence as a guide, it is very important to
rovide the trails for related study and exploitation.
Phytochemistry

Chemical composition is the pharmacodynamics basis of herbs.
The chemical constituents of C. argentea have long been the pur-
suit of many researchers, and the multiple classes of chemical
constituents have been isolated and identified in different inves-
tigations, including saponins, peptides, phenols, fatty acids, amino
acids, minerals, among others (Box 2).

Saponins

Saponins are attached to a large family, and in C. argen-

tea,  they mostly exist as oleanane-type triterpenoid saponins
which are thought to be the major hepatoprotective com-
pounds of Semen Celosiae. Two oleanolic acid saponins
named celosin A (1) and celosin B (2) were isolated from

http://www.viki8.com/
http://db.yaozh.com/
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Box 2: Chemical constituents of Celosia argentea
Class Chemical constituents Part of plant Reference

Saponins Celosin A (1) Seed Xue et al. (2011)
Celosin B (2) Seed Xue et al. (2011)
Celosin C Seed Sun et al. (2010)
Celosin D Seed Sun et al. (2010)
Celosin E Seed Wu  et al. (2011)
Celosin F Seed Wu  et al. (2011)
Celosin G Seed Wu  et al. (2011)
Celosin I (4) Seed Wu  et al. (2013)
Celosin II (5) Seed Wu  et al. (2013)
Celosin H Seed Pang et al. (2014)
Celosin I Seed Pang et al. (2014)
Celosin J Seed Pang et al. (2014)
Cristain (3) Seed Wang et al. (2010)

Cycpeptide Moroidin (6) Seed Morita et al. (2000)
Celogentins A Seed Kobayashi et al. (2001)
Celogentins B Seed Kobayashi et al. (2001)
Celogentins C Seed Kobayashi et al. (2001)
Celogentins D Seed Hayato et al. (2003)
Celogentins E Seed Hayato et al. (2003)
Celogentins F Seed Hayato et al. (2003)
Celogentins G Seed Hayato et al. (2003)
Celogentins H Seed Hayato et al. (2003)
Celogentins J Seed Hayato et al. (2003)
Celogentins K Seed Hayato et al. (2004)
Celogenamide A Seed Morita et al. (2004)

Phenols Lutin Leaf Molehin et al. (2014)
Epigallocatechin (7) Leaf Molehin et al. (2014)
Gallic acid Leaf Molehin et al. (2014)
Caffeic acid Leaf Molehin et al. (2014)
Rosmarinic acid Leaf Molehin et al. (2014)
Quercetin Leaf Molehin et al. (2014)
4-O-�-d-apifuranosyl-(1→2)-�-d-glucopyranosyl-2-hydroxy-
6-methoxyacetophenone

Leaf Shen et al. (2010)

Fatty acids Arachic acid Seed Lin et al. (2002)
Arachidonic acid Seed Zhu and Xu (2002)
Linolenic acid Seed Lin et al. (2002)
Hexadecanoic acid Seed Zheng et al. (1995), Lin et al. (2002)
Palmitoleic acid Seed Lin et al. (2002)
Octadecanoic acid Seed Zheng et al. (1995), Lin et al. (2002)
Octadecanoic monoenoic acid
Oleinic acid Seed Lin et al. (2002)
Linoleic acid Seed Lin et al. (2002)

Amino acids Ala, Gly, Arg, Lys, Glu, Val, Met, Ile, Aba, Phe, Ser, Tyr, Pro,
Leu, His, Asp, Cys, Cystine, Thr, Ornithine

Seed and leaf Zheng et al. (1995), Lin et al. (2002)

Minerals K, Ca, Mg,  Na, Fe, Mn,  Cu, Zn, S, Si, Ti, Cd, As, Hg, Cr, V, Pb,
Mo.

Seed and leaf Zheng et al. (1995), Lin et al. (2002)

Others �-Sitosterol Seed Fu et al. (1992)
Cholesteryl palmitate Seed Fu et al. (1992)
3,4-Dihydroxyl benzaldedyde Seed Fu et al. (1992)
p-Hydroxybenzoic acid Seed Fu et al. (1992)
3,4-Dihydroxy benzoic acid Seed Fu et al. (1992)
n-Butyl-�-d-fructose glycoside Seed Fu et al. (1992)
Sucrose Seed Fu et al. (1992)
Stigmasterol Seed Xue et al. (2006)
Oleanolic acid Seed Xue et al. (2006)
�-Carotene Seed Xue et al. (2006)
Daucosterol Seed Xue et al. (2006)
Ascorbic acid Leaf Faboya (1990)
citrusi C Leaf Sawabe et al. (1999)
3-O-�-glucopyranosyl-1H-indole Leaf Sawabe et al. (1999)
(3Z)-hexenyl-(1-O-�-rhamnopyranosyl-�-glucopyranoside) Leaf Sawabe et al. (1999)
(3Z)-hexenyl-1-O-�-glucopyranoside Leaf Sawabe et al. (1999)

-O-[�

t
u
s
a
a
g
I
s

(7E)-6,9-dihydromegastigma-7-ene-3-one-9
glucopyranoside

he ethanol extract of Semen Celosiae, and determined by
sing spectral analysis including 1D- and 2D-NMR. Their
tructures are assigned as 2-hydroxy-23-aldehyde-3-O-[-l-
rabinopyranosyl-(1→2)-d-glucuronopyranosyl]-oleanolic acid

nd 2-hydroxy-23-carboxy-3-O-[-d-galactopyranosyl-(1→2)-d-
lucuronopyranosyl] oleanolic acid, respectively (Xue et al., 2011).
n another study, their contents were determined, and the result
howed that contents of celosin A and celosin B in eight Semen
- Leaf Sawabe et al. (1999)

Celosiae samples on medical markets were obviously different from
each other, ranging from (0.0512 ± 0.0016)% to (0.114 3 ± 0.0008)%
and (0.0109 ± 0.0019)% to (00815 ± 0.0009)% (Wang et al., 2007).
The other triterpenoid saponins cristatain (3), celosin C∼G (Sun

et al., 2010; Wu  et al., 2011), celosin I (4) and celosin II (5) (Wu
et al., 2013) were isolated from Semen Celosiae, successively.
The contents of celosin I for ten samples were determined by
HPLC-ELSD, ranging from 0.1667% to 0.3132%, which were far
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igher than those of celosin A and celosin B (Wang et al., 2013).
nother study indicated that there was an obvious difference in

he content of celosin I and celosin II among Semen Celosiae species
f various origins across China, and suggested that the sun light
ay  be a key factor influencing the content of the two  saponins

Chen et al., 2015).

In addition, the cristatain and celosins A–D were also isolated
n C. cristata (Wang et al., 2010). In general, these celosins have
nalogous or unique properties such as anti-inflammatory, anti-
umor, hepatoprotective, among others.

Celosins H, I, and J, isolated and characterized from Semen
elosiae by NMR, MS,  and chemical evidences, were char-
cterized as 3-O-�-d-xylopyranosyl-(1→3)-�-d-glucurono-
yranosyl-polygalagenin 28-O-�-d-glucopyranosyl ester, 3-O-�-
-glucuronopyranosyl-medicagenic acid 28-O-�-d-xylcopyrano-
yl-(1→4)-�-l-rhamnopyranosyl-(1→2)-�-d-fucopyranosyl ester,
nd 3-O-�-d-glucuronopyranosyl-medicagenic acid 28-O-�-l-ar-
bino-pyranosyl-(1→3)-[�-d-xylcopyranosyl-(1→4)]-�-l-rham-
opyranosyl-(1→2)-�-d-fucopyranosyl ester, respectively (Pang
t al., 2014).

eptides

During the search for bioactive compounds from medicinal
lants, Japanese researchers found a series of anti-mitotic bicyclic
eptides from Semen Celosiae. The group of Kobayashi isolated the
oroidin (6) from Semen Celosiae and re-described its assignment

f the stereo-structure (Morita et al., 2000). It was the first time to
nd moroidin in C. argentea. Then other celogentins (celogentins
–H, J) were isolated and described from Semen Celosiae gradually
y using extensive NMR, MS/MS, and CD spectra (Kobayashi et al.,
001; Hayato et al., 2003). All these cyclic peptides contained a
icyclic ring system, an unusual C N bond formed by Trp and His
esidues, and an unusual amino acid, �-substituted Leu (�-Leu).
esides, celogentin K (Hayato et al., 2003) and celogenamide A
Morita et al., 2004) were isolated from Semen Celosiae, in which
he structure of celogentins K, has a 3-hydroxyoxindole ring, was a
ittle different from that of other cyclic peptides in C. argentea.
macognosia 26 (2016) 787–796

Phenols and their glycosides

Phenols have been reported to produce diverse biological
effects, and in C. argentea, they were supposed to be anti-
inflammatory (Bhujbal et al., 2008) and anti-oxidant (Molehin et al.,
2014). The phenolic content of the aqueous extract of three vari-
eties of Celosia species was  assessed, the result showing that Celosia
laxa had significantly (p < 0.05) higher total phenol and flavonoid
contents than the red variant of C. argentea and the green vari-
ant of C. argentea (Molehin et al., 2014). Besides, rosmarinic acid
and phenol glycoside were the two major compounds identified by
high-performance liquid chromatography-diode-array detector in
C. laxa, rutin and epigallocatechin (7) were the prominent pheno-
lics present in the green variant of C. argentea while the red variant
of C. argentea had epigallocatechin as the most abundant phenolic
compound.

Moreover, a new phenolic glycoside was  isolated from the
MeOH extract of the plant C. argentea, and was characterized
as 4-O-�-d-apifuranosyl-(1→2)-�-d-glucopyranosyl-2-hydroxy-
6-methoxyacetophenone (Shen et al., 2010).

Fatty acids and amino acids

Fatty acids are one of the main energy sources of the body, in
particular, the unsaturated fatty acids that are important to growth,
intelligence development, memory, and other physiological func-
tions. Several studies have focused on the fatty acids of Semen
Celosiae, especially the unsaturated fatty acids. Zheng et al. (1995)
isolated and compared five fatty acid contents in C. argentea and C.
cristata, finding that the difference in contents is not significant. Lin
et al. (2002) used the Soxhlet extraction method to extract the fatty
acids and determined the radio by Shimadzu GC-17A and chemical
detection with FID. The result revealed that the unsaturated fatty
acids reached 79.276%. The main compositions of fatty acids were
oleinic acid (27.995%) and linoleic acid (44.522%). Besides, Semen
Celosiae also contained linolenic acid and arachic acid.

Amino acids are an important nitrogen source of the body, espe-
cially the essential amino acids. Some amino acids are cell signal
molecules and regulate gene expression and the protein phosphor-
ylation cascade. C. argentea contains various kinds of amino acids,
and their contents were determined by using a Hitachi 835-50
automatic amino acid analyzer. The result showed that the total
amino acid content was  131.87 mg/g, and the essential amino acid
contents reached 42.85% of the total amino acids (Lin et al., 2002). In
non-essential amino acids, aspartic acid and glutamic acid contents
were higher than others, reaching 10.95 mg/g and 15.75 mg/g,
respectively. In another study, the contents of free aspartic acid
and glutamic acid were 24.57 mg/100 g and 38.57 mg/100 g, respec-
tively, and after hydrolysis, their contents reached 1077 mg/100 g
and 2025 mg/100 g, respectively (Zheng et al., 1996).
Minerals

Minerals are important in plant growth and development, and
in maintaining human health. Some necessary trace elements for
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io-system such as Fe, Mn,  Cu, and Zn, participate in metabolism,
nd are closely related to immune function. C. argentea consists
f over eighteen minerals (Zheng et al., 1996; Markandeya et al.,
013), in which the contents of Al, Fe, Ni, Mn,  Cu, K, Ti, and Se
ere far higher than those in C. cristata.  A study on minerals of C.

rgentea showed that the content of Fe, Mn,  Cu, and Zn were 197,
6, 30, and 160 �g/g, respectively (Lin et al., 2002), while another
tudy estimated seven metal elements in Gannan Semen Celosiae
nd showed that the values of Zn, Co, Ni, Fe, Cr, Mg,  and Cu were
3.26, 1.39, 0.72, 219.33, 0.35, 283.88, and 5.64 �g/g, respectively
Huang and Jiao, 2013).

thers

Apart from the above mentioned compositions, other com-
ounds have also been reported. Lutein and �-carotene (Belanger
t al., 2010) were isolated from C. argentea, while n-butyl-�-
-fructoside, �-sitosterol, cholesterylpalmitatie, 3,4-dihydroxyl
enzaldedyde, p-hydroxybenzoic acid, 3,4-dihydroxy benzoic acid
nd fructofuranoside were isolated from Semen Celosiae (Fu et al.,
992). Daucosterol, stigmasterol, and oleanolic acid were isolated
rom the petrol-ether fraction and the EtOAc fraction of EtOH
xtraction of Semen Celosiae, respectively (Xue et al., 2006).

harmacological activities

With our increasing knowledge of chemistry and improvements
n related experimental conditions, we have begun to use scientific

ethods to unmask the truth about pharmacological mechanisms
f various subjects such as C. argentea. Increasing attention on C.
rgentea’s pharmacological activities and its mechanism on hepato-
rotection, anti-infection, anti-tumor, anti-diarrhea, anti-diabetes,
nti-oxidant, and its therapeutic effect on eye diseases indicated
hat C. argentea has enormous potential for further study and
xploitation.

epatoprotective effect

As is known, liver is the most important channel of C. argentea
or treatment functions. In the long-term administration practice,
epatoprotection is a main effect of C. argentea. The hepatopro-
ective effect of Semen Celosiae is supported by many modern
cientific pharmacological studies. Hase et al. (1996) found that
he celosian, an acidic polysaccharide from the Semen Celosiae, is

 potent anti-hepatotoxic agent for chemical and immunological
iver injury models in animals. Celosian is also an immunostimu-
ating agent in addition to its anti-hepatotoxic effects (Hase et al.,
997). It induces tumor necrosis factor-� (TNF-�) production, the
roduction of interleukin-1 beta (IL-1 beta), and nitric oxide (NO)

n macrophage cell line J774.1 in a concentration-dependent man-
er (1–1000 �g/ml). Moreover, celosian induces IL-1 beta secretion

n human mononuclear cells. In addition, celosian also enhanced
he gamma  interferon (IFN-gamma) production activity of con-
anavalin A (Con A) in mice spleen cells although celosian alone
id not significantly influence IFN-gamma production.

Intragastric administration of celosin A and B with doses 1, 2,
nd 4 mg/kg per day to Kunming mice for three days significantly
revented the increase of AST, ALT, and ALP caused by CCl4 effec-
ively (Xue et al., 2011). Celosin C and D also significantly prevented
he increase of AST, ALT, and ALP caused by CCl4 effectively within

 concentration of 1–4 mg/kg compared with the control group. At
he same time, both celosins decreased the value of MDA  signifi-

antly while those of GSH-PX, CAT, and SOD increased significantly
Sun et al., 2010). The hepatoprotection of celosin I and celosin II
s similar to celosin A–D, and the oral administration of celosin I
nd celosin II prevented the increase of AST and ALT effectively
macognosia 26 (2016) 787–796 793

but the decrease of ALP was not significant within the concentra-
tion of 2–8 mg/kg (Wu et al., 2013). The values of MDA,  GSH-PX,
CAT, and SOD were related to oxidization, and celosins could pre-
vent such biochemical changes caused by CCl4, suggesting that such
hepatoprotective effects of celosins may  involve their anti-oxidant
activity. However, not all existing findings are clear, and further
investigation is necessary.

Therapeutic effect on eye diseases

For a long time, Semen Celosiae has been used as an effective
herb for treating eye diseases, especially in China and Japan. Com-
patible with other herbs (Radix rehmanniae, Radix Scrophulariae,
Semen Plantaginis etc.), Semen Celosiae is being used to treat cer-
atitis, epipephysitis, iridocyclitis, opticatrophy, among others.

Huang et al. (2004b) researched the effects of four Chinese herbs,
which pass through the liver channel, on improving eyesight and
on protecting oxidative injury of lens and apoptosis of lens epithe-
lial cells, finding that by improving the anti-oxidant ability of lens,
the water extract of Semen Celosiae could decrease the oxidative
damage of lens, inhibit lens epithelial cells apoptosis, and reduce
lens opacity, better than Catalin eye drops. Lens opacities in Semen
Celosiae group were much lighter than that in Fenton group. The
content of SOD, GSH and GSH-Px in the lenses of Semen Celosiae
group were higher than Fenton group (p < 0.01). The rats of LEC
apoptosis in the lenses of Semen Celosiae (30.0 ± 2.3) was signifi-
cantly lower than that in H2O2 (92.0 ± 2.55) and pirenoxine sodium
(56.0 ± 9.9) group (p < 0.05). Another study on these four Chinese
herbs focused on their regulation of gene expression related apo-
ptosis of LEC (Huang et al., 2004a), in which, both Bcl-2 and Bax
in LEC were expressed, and the Bcl-2 was a higher one than Bax.
Compared with the normal group, the expressions of both Blc-2 and
Bax in the H2O2 group were changed, in which the Blc-2 expression
decreased while the Bax expression increased (Ridit Test, p < 0.01),
while compared with H2O2 group, the Blc-2 expression increased
and the Bax expression decreased, which were more approximate
to the normal ones and more potent than Pirenoxine sodium. Due
to the absence of blood normal vessel, lens obtained the nutri-
ent substance from circumstance. Under normal conditions, the
concentration of amino acid in lens is higher than surroundings,
especially the acidic amino acid such as glutamic acid. When the
lens in the situation of cataract, the content of free amino acid has
reduced, the content of trace elements such as zinc, selenium, and
cuprum has also reduced. With respect to C. argentea in these con-
stituents, it might improve eyesight by adjusting the metabolism
in lens.

Liu et al. (2007) observed the treatment of 20% water extract
of C. argentea on senile cataract, compared with an effective drug,
Catalin eye drops, the therapeutic effect of Semen Celosiae on senile
cataract was not significant. Intimately, with iontophoresis group,
the number of improvement by Semen Celosiae was  eighteen eyes
(Catalin eye drops: twenty eyes; the total eye diseases was twenty,
respectively), while in the eyedropper application group, the num-
ber of improvements by Semen Celosiae was seventeen eyes (Catalin
eye drops: nineteen eyes; the total eyes diseases was twenty,
respectively). In both administration routes, there were no iriditis,
cornea injury, or choroiditis side effects.

Anti-tumor and immunomodulatory activities

A number of studies revealed that C. argentea is a potent
agent for tumor treatment. Hayakawa et al. (1998) researched

the anti-metastatic effect of Semen Celosiae extracts, finding that
intraperitoneal administration of Semen Celosiae extract for seven
days before tumor inoculation significantly inhibited liver metas-
tatis caused by intra-portal injection of colon 26-L5 carcinoma cells
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n dose-dependent manner. In vitro experiments showed that water
xtract of C. argentea also mediated macrophages to produce white
lood cells to lodge (Hayakawa et al., 1998). The anti-tumor founda-
ion of C. argentea is due to the characteristic of immune regulation,
ncluding induced IL-12, IL-2and IFN-�, resulting to the immune
tate of B dominance and activation of the cells to achieve the
ntitumor state. Co-culture of celosian and Con A increased IFN-

 secretion two-fold compared with Con A alone, indicating that
elosian not only activates macrophages but also affects T-cells
unction. Another study showed significant immunomodulating
ctivity of aerial parts of C. argentea (Devhare et al., 2011). The 70%
thanol extract and water extract were screened for delayed type
ypersensitivity, neutrophil adhesion test, and cyclophosphamide-

nduced myelosuppression to assess the effect on immunity in
wiss albino mice at the dose of 50 and 100 mg/kg, i.p.

In the existing reports on antitumor activity of C. argentea,
riterpenoid saponins are the most frequently reported class of
ompounds. Celosin A (1) was reported to be effective in the apo-
tosis of human cervical cancer HeLa cell l (Huang et al., 2013)
nd HepG2 Cell (Cheng et al., 2013). Wu  et al. (2011) tested four
riterpenoid saponins (celosin E–G and cristatain (3)) from Semen
elosiae for their antitumor activities toward five human cancer
ell lines, finding that all four triterpenoid saponins had a cer-
ain degree of inhibition of cancer cells. The antitumor activity of
ristatain was more potent than others, especially the cristatain

 C50 values on SHG44, HCT116, CEM, MDA-MB-435, and HepG2
hat were 23.71 ± 2.96, 26.76 ± 4.11, 31.62 ± 2.66, 27.63 ± 2.93, and
8.35 ± 2.32, respectively, while the IC 50 values of celosin E, F, and

 were all more than 100 �g/ml.

nti-diarrhoeal activity

C. argentea could effectively inhibit castor oil induced diarrhea
nd charcoal meal induced diarrhea. Sharma et al. (2010) evalu-
ted the anti-diarrhoeal effect of C. argentea leaves extract by using
astor oil induced diarrhea, charcoal meal test, and PGE induced
iarrhea models. Results suggested that the extract of C. argentea

eaves inhibited diarrhea within a dose of 100 to 200 mg/kg and
hat it may  act centrally and may  inhibit PGE to give anti-diarrhoeal
ffects. The extract of C. argentea leaves showed protection against
GE2 induced enteropooling which might be due to the inhibition
f the synthesis of prostaglandins, and decreased the propulsive
ovement in the charcoal meal study, particularly at the dose of

00 mg/kg, it becomes more efficacious than the standard drugat-
opine (2 mg/kg).

nti-diabetic activity

In folklore practice, the decoction of Semen Celosiae has been
eported to be useful in diabetes mellitus, and its systematic and
cientific investigation has been conducted gradually. Vetrichelvan
t al. (2002) studied the anti-diabetic activity of alcoholic extract of
. argentea seeds (ACAS), finding that ACAS showed positive reduc-
ion in blood glucose levels, and this effect was dose-dependent and
eached a maximum level within 4–6 h. The fall in blood glucose in
ats 6 h after the administration of ACAS showed 27.7% at 250 mg/kg
nd 38.8% at 500 mg/kg. The continuous treatment with ACAS for a
eriod of fifteen days produced a significant decrease in the blood
lucose levels of diabetic rats. Another study also supported this
olklore practice, in which both ethanol extract and water extract
f C. argentea possessed significant hypoglycemic activities, espe-
ially the butanol fraction and polysaccharides (Shan et al., 2005).

he part of crude polysaccharides significantly increased plasma
nsulin levels in diabetic mice, more potent than glibenclamide
2 mg/kg). The crude polysaccharides also significantly increased
he spleen weight of diabetic mice, while the butanol fraction and
macognosia 26 (2016) 787–796

the alcohol part of the water extract showed a tendency to increase
weight of the pancreas of the diabetic mice, presuming that the
extract of C. argentea might be able to treat pancreas injury of the
alloxan-diabetic mice and at the same time, might contribute to the
other organs in relation to glycometabolism.

Anti-infectious activity

In early 1969, C. argentea was  reported to exhibit antibacte-
rial activity against Bacillus subtilis,  S. aureus,  Salmonella typhi,
Escherichia coli, Agrobacterium tumefaciens, and Mycobacterium
tuberculosis (Bhakuni et al., 1969). Further, Gnanamani et al. (2003)
researched the antibacterial activity of C. argentea leaf extracts
on eight burn pathogens, finding that the alcohol extract of C.
argentae showed sensitivity in the order Shigella sp., Pseudomonas
sp., Staphylococcus sp., Streptococcus sp., Vibrio sp., Klebsiella sp.,
E. coli and Salmonella sp. Regretfully, the promising antibacterial
compounds is not clear, and the goal of elucidating their active
antibacterial compounds will be part of the focus of this study.

Anti-oxidant activity

The aqueous extract of C. argentea leaves attenuated cadmium-
induced oxidative stress in the animals, with the best result at
the dose of 400 mg/kg b.w. (Malomo et al., 2011). The inhibita-
tion of H2O2, DPPH, and ABTS radicals by various parts extract of
C. argentea was valued and the details of aerial part, seed, root for
H2O2, DPPH, and ABTS were 67.13 (0.8 mg/ml), 70.81 (100 �g/ml),
62.25 (100 �g/ml), 79.12 (0.8 mg/ml), 88.18 (100 �g/ml), 86.05
(100 �g/ml), 51.14 (0.8 mg/ml), 36.16 (100 �g/ml), and 30.80
(100 �g/ml), respectively (Rub et al., 2013). The anti-oxidant activ-
ity of the extract may  be attributed to the phenolic and flavonoid
components of the extract. The induction of anti-oxidant enzymes
and scavenging of free radicals may  account for the mechanism of
action of the extract as an anti-oxidant.

Anti-mitotic activity

Anti-mitosis in the moroidin (6)/celogentin families in Semen
Celosiae has been reported. It was reported that moroidin strongly
inhibited the polymerization of tubulin, and the inhibitory activ-
ity (IC50 3 �M)  of the tubulin polymerization by moroidin was
more potent than that (IC50 10 �M)  of colchicine (Morita et al.,
2000). Next, related studies indicated that all of celogentins A–H,
J, and moroidin possess a certain degree of anti-mitotic activity;
some of them were rivals to vinblastine and are even more potent.
Among them, celogentin C is the more potent in inhibiting tubu-
lin polymerization than vinblastine (Kobayashi et al., 2001; Hayato
et al., 2003). This difference of bioactivity among celogentins and
moroidin might be related to the ring size and conformation suit-
able for interaction with tubulin.

Other bioactivities

What is more, C. argentea has been known to have other phar-
macological activities. The alcohol extracts of C. argentea promote
cell motility and proliferation of primary dermal fibroblasts at
0.1–1 �g/ml but did not alter these responses in primary kerati-
nocytes. In an initial examination of molecular mechanisms, the C.

argentea extract did not alter fibroblast and keratinocyte responses
to the wound repair-associated epidermal growth factor receptor
ligands. This may  be due to mitogenic and motogenic promotion of
dermal fibroblasts.
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cute toxicity evaluations

According to Chinese Pharmacopeia, Semen Celosiae can diffuse
he papillae, and is not for application in patients with glaucoma.
o more side effects were recorded in related literature and the

nvestigation of its related toxicity was lacking. Vetrichelvan et al.
2002) studied the possible toxic effects and changes in behavioral
attern of Semen Celosiae, in which rats were treated with differ-
nt doses of alcoholic extract of Semen Celosiae (0.5–5 g/kg, p.o.) and
ept under close observations for 12 h daily for a week, recording all
ymptoms including changes in awareness, mood, motor activity,
osture, motor co-ordination, muscle tone, and reflexes for seven
ays. The results indicated that none of the treated animals showed
ny visible symptoms of toxicity and there were no signs of symp-
oms like restlessness, respiratory distress, diarrhea, convulsions,
oma etc.  at a dose as high as 5 g/kg. In our celosin-related studies,
he result of total celosins’ preliminary acute toxic test on mice indi-
ated that LD50 was 713.4 mg/kg, while in the long-term toxicity
est, total celosins just showed a certain degree of irritation on the
pidermic cell, and heal or lessen in the termination of convalescent
unpublished).

In general, C. argentea is a safe medicinal product even in larger
osages. Note however that the different conditions (methods,
bjects, active fractions, active component contents, and so on)
ould lead to different results, and may  be conflicting. Therefore,
t is crucial that additional studies are undertaken to confirm and
urther support positive findings on the efficacy of C. argentea.

pproximate species: C. cristata

C. cristata L., Amaranthaceae, an annual herb, is widely dis-
ributed in Southern China and other subtropical and tropical
egions of the world, such as Africa, India and South America. The
nflorescence is included as a common medicine by pharmacopeia
Committee for the Pharmacopeia of PR China, 2010), and the seed
ommonly known as Jiguanhuahi in Chinese is the adulterants of
emen C. argentae. C. cristata contains saponins (Wang et al., 2010;
un et al., 2011), phenols (Wang et al., 2008a,b), betalains (Cai et al.,
005), fatty acids (Weng et al., 1997, 1998), amino acids, minera-

and others (Prakash et al., 1995; Chi et al., 2010; Zhang et al., 2014).
t serves as a hepatoprotective (Wang et al., 2010; Sun et al., 2011),
mmunomodulatory (Jiang et al., 2003), anti-osteoporosis (Li et al.,
003, 2006; Chen et al., 2005) and anti-oxidant (Kim et al., 2015)
gent, among others. Although there is great similarity on chemi-
al constituents and pharmacological activities between C. argentea
nd C. cristata, it is best to distinguish use until more constituents
re divided and more precise data on pharmacological activities
how that both can Substitute each other.

onclusion

C. argentea has been widely used in traditional Chinese medicine
ith a long history China. It is reputed for purging hepatic
athogenic fire, improving eyesight, treating conjunctival con-
estion, eye swell, nephelium, and blurred vision. It induces
yperpyrexia of the liver, hepatic asthenia, and heat in blood. It
lso serves as an anti-tumor, immunomodulatory, anti-diarrhea,
nti-diabetes, anti-infection, and anti-oxidant agent, among others.
ost of these properties have been validated by pharmacological

tudies both in vitro and in vivo animal models, and clinical stud-
es. Yet a further study is still urgently needed to gain a better

nderstanding of C. argentae and provide better service for clinical
se. C. argentea contains saponins, cyclic-peptides, phenols, fatty
cids, amino acids, minerals, of which saponins are the main phar-
acological active agents and might be the promising target for
macognosia 26 (2016) 787–796 795

further studies due to their bioactivities. Although researches on
the pharmacological effects and the mechanisms of saponins have
been performed, complete understanding remains elusive. More-
over, the pathways of their distribution, absorption, metabolism,
and excretion are almost nonexistent and need to be urgently
examined and clarified by pharmacokinetic studies. Thus far, many
studies are significant but limited to the level of active fractions
or crude extracts. Accordingly, more promising bioactive chemical
class of compounds or individual compounds should be identified
using bioactivity-guided isolation strategies. The possible mech-
anism of action as well as potential synergistic or antagonistic
effects of multi-component mixtures derived from C. argentea also
need to be evaluated integrating pharmacological, pharmacoki-
netic, bioavailability-centered, and physiological approaches. In
addition, no serious side effects or marked toxicity of C. argentea
have been reported, but further relative systematic toxicity and
safety evaluation studies are still needed to assure safety for clinical
application.
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