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Physalis alkekengi L. was well known as a medicinal plant in Ancient China. Fruits, calyx, and plant roots have
been used to treat a number of ailments, including sore throat, cough, eczema, hepatitis, and tumours. In the
Unani system of medicine, Kaknaj, the dried fruits of P. alkekengi are valued primarily as a source of vita-
min C and used as a diuretic, antiseptic and sedative. Modern medical research has shown that P. alkekengi
is effective in therapy of the disorders of immune system, thyroid hormones, liver enzymes, reproductive
sex hormones, against cancer. The plant owes its beneficial properties to the presence of biologically active
compounds, such as alkaloids, flavonoids, steroids, vitamin C, etc. The purpose of this study is to summarize
literature data on the results of experimental studies of the component composition and biological activity of
P. alkekengi. The results of the chemical study of P. alkekengi showes that fresh fruits, calyx, roots and leaves
are rich in various biologically active substances such as flavonoids, steroids, alkaloids, etc. Chemical com-
position of various organs of P. alkekengi as well as antimycobacterial, immunomodulating, antitumour, anti-
inflammatory and other properties of groups of substances and individual compounds isolated from P. alkek-
engi extracts were studied. The studied literature data allows to consider P. alkekengi as a promising source of

substances for medicinal products.
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The genus Physalis L. from the Solanaceae L. fam-
ily has from 75 to 120 species in the world flora, widely
distributed throughout South and North America, as
well as in the temperate regions of Europe and Asia
[1—4]. In Azerbaijan, the genus is represented by
2 species. One of them is wild-growing — Physalis
alkekengi L. is widely distributed in almost all botani-
cal and geographical regions of Azerbaijan, the second
is Physalis ixocarpa Brot ex Hornem. found only in
culture [3]. Among the species belonging to the genus
Physalis L., P. alkekengi. is the most popular food, or-
namental and medicinal plant.

P. alkekengi was well known as a medicinal plant in
Ancient China. Fruits, calyx, and plant roots have
been used to treat a number of ailments, including sore
throat, cough, eczema, hepatitis, and tumours [2]. In
the Unani system of medicine, Kaknaj, the dried fruits
of Physalis alkekengi are valued primarily as a source of
vitamin C and used as a diuretic, antiseptic and seda-
tive remedies [1]. For centuries, infusion of fruits has
been used as an abortive and contraceptive remedy in
Iranian traditional medicine [4]. Modern medical re-
search has shown that P. alkekengi is effective in ther-
apy of the disorders of immune system, thyroid hor-

mones, liver enzymes, reproductive sex hormones,
against cancer. The plant owes its beneficial properties
to the presence of biologically active compounds, such
as alkaloids, flavonoids, steroids, vitamin C, etc. [5].
The juice form P. alkekengi fruit has an antiseptic ef-
fect, therefore it is used externally to treat septic
wounds and ulcers [6].

The purpose of this study is to summarize literature
data on the results of experimental studies of the compo-
nent composition and biological activity of P. alkekengi.

BIOLOGICALLY ACTIVE COMPONUNDS
OF PHYSALIS ALKEKENGI L.

About nineteen flavonoids have been isolated and
identified from various parts of the P. alkekengi in the
form of flavones and flavonols. Isolated flavonoids in-
clude luteolin and their glycosides, quercetin deriva-
tives and kampferol glycosides, which are widely dis-
tributed in medicinal plants [7—13]. In addition, four
flavone analogs, apigenin-O-B-D-glucopyranoside,
diosmetin-O-B-D-diglucopyranoside, chrysoriol and
its glucopyranoside, as well as three flavonol analogs,
3", 4' dimethoxymyritsetin, ombine and 5.4', 5'-trihy-
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droxy-7,3'-dimethoxyflavonol were obtained from se-
pals [8—10, 14, 15). These isolated flavonoids were
best known for their antioxidant and anti-inflamma-
tory properties [16—18].

As a result of a study conducted by Prokopenko and
co-authors, 46 lipophilic compounds were found in the
aboveground part of P. alkekengi, of which 29 com-
pounds were identified and estimated, including organ-
ic acids, phytosterols, hydrocarbons, terpene com-
pounds, etc. Among identified compounds, palmitic
and linolenic acids were found [6].

Linoleic acid has a high biological activity and is
not produced in the human body. Owing to the high
content of linoleic acid, the aboveground parts of
P. alkekengi are used as raw material for the produc-
tion of dietary supplements.

In early studies it was reported that only 10 carot-
enoids are present in the fruits and calyx of P. alkekengi
[19—21]. The study of 2017 allowed to isolate 69 differ-
ent carotenoids and carotenoid esters in the fruits and
calyx of P. alkekengi, of which 45 were identified. Zea-
xanthin esters with various fatty acids were the most
common carotenoids, accounting for 51—63% of the
total carotenoids. The fruits and calyx of plant have
been reported to be rich sources of xanthophylls,
mainly zeaxanthin esters (6.39 mg zeaxanthin/100 g
fresh fruit, 54.89 mg zeaxanthin/100 g fresh sepal),
followed by 3-cryptoxanthin esters (no data on fruits,
3.92 mg/g of dry sepal). Esters of carotenoids account-
ed for 94—96% of the total amount of carotenoids in
P. alkekengi the fruits. Zeaxanthin esters (56—63% of
the total amount of carotenoids) were the most com-
mon in the fruit, followed by B-cryptoxanthin (18—
24%), anterxanthine (4—6%) and violaxanthin esters
(2—4%). Small amount of lutein, lutoxanthin, muta-
toxanthin, neoxanthin, auroxanthin and zeinoxanthin
esters were identified. In addition to carotenoids, a
small amount of chlorophyll b, chlorophyll a and phe-
ophytin was also identified in P. alkekengi fruits [22].
According to the content as the sum of carotenoids
and xanthophylls, the fruits of P. alkekengi exceeds
fruits of all other plants rich in carotenoids.

Pintea and others showed that P. alkekengi calyx
contain zeaxanthin and beta-cryptoxanthin esters,
which are widely used as nutritional supplements [20].

Physalins have been extensively studied over the
past 20 years and are reported to have anti-mycobac-
terial, immunomodulatory, anti-tumour, and anti-in-
flammatory effects [23, 24].

Physalins are the main steroid components of
P. alkekengi and their rare 13,14-seco-16,24-cycloer-
gostane skeletons were first established by x-ray struc-
tural analysis [25—27]. Physalin A, isolated from the
leaves of P. alkekengi in 1969, was the first steroid of
this group [28]. Subsequently, a series of physalins
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with a complex and diverse structure were obtained
from various species of the genus Physalis. So far, phy-
tochemical studies of P. alkekengi have led to isolation
of fifty physalins, most of which were first found while
studying this species. The structural diversity of phys-
alins is determinde by cyclization, changes in the de-
gree of unsaturation, and changes in the ring substitu-
tion structure. For example, W, X, Y, and Z physalins,
as well as 3-O-methylphysaline X and isophysalin G,
are 3-hydroxyl and/or 3-methoxy-substituted physa-
lins, while fizalin C and 50, 63-dihydroxyphysaline R
are components 5,6-dihydroxyl group [24]. Physalin P
was the first neofizalin, isolated from the aboveground
part of P. alkekengi in 1993 [29]. In 2013, a group of
Chinese researches isolated three new physicals from
P. alkekengi sepals and named them physalin 111, phys-
alin IV, 3-O-methylphysalin X [30]. In 2016, another
6 new physalins 7B-methoxylisophysalin B, 73-me-
thoxyphysaline C, fizalin V, fizalin VI, fizalin VII, iso-
philine I [31] were determined.

The chemical study of P. alkekengi (Table 1) show
that fresh fruits, as well as other parts (calyx, roots,
leaves) are rich in various biologically active substanc-
es (flavonoids, steroids, alkaloids, etc.).

ANTIMICROBIAL
AND ANTIFUNGAL ACTIVITY

Species of the genus Physalis, including Physalis
alkekengi, are rich sources of physalins, steroids of the
cycloergosiderated class, common only in this genus.
Chemical composition of various organs of P. alkekengi
as well as antimycobacterial, immunomodulating, an-
titumour, anti-inflammatory and other properties of
groups of substances and individual compounds iso-
lated from P. alkekengi extracts were studied.

Eight phenylpropanoids, consisting of four phen-
ylpropanoic acid derivatives and four lignans, were
isolated from P. alkekengi var. franchetii calyx. The
isolated phenylpropanoic acid derivatives are chemi-
cal compounds, including ferulic acid methyl ester,
3-caffeoylquinic acid and syringalide, which express
antibacterial, antiviral, and anti-inflammatory prop-
erties. All isolated lignans possess a tetrahydrofuran-
type skeleton and exist in the form of glycosides con-
taining syringaresinol, (+) — pinoresinol-di-O--D-
glucopyranoside and (+) — medioresinol-di-O-f3-
D-glucopyranoside [14, 15].

Numerous studies of the antimicrobial and anti-
fungal activities of P. alkekengi extracts have been con-
ducted. Thus, the methanol extract from the abo-
veground parts and the dichloromethane extract from the
P. alkekengi calyx were tested against five gram-positive
and five gram-negative bacteria and five Candida spe-
cies. According to the results of the experiments, the
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Table 1. Chemical compounds isolated from various parts of P. alkekengi L.

Chemical Chemical component Structure Part References
group of the plant
Flavonoids | Luteolin Calyx [8—10, 13]
Luteolin-7-0-B-D- R =Glu: R.=R.=H Calyx [7—10, 13]
glucopyranoside ! e
Luteolin-4'-0-B-D- R.=R.=H: R.-=Glu Calyx [7, 8]
glucopyranoside e
Luteolin-7,4'-di-O-B-D- R =R.=Glu: Ro=H Calyx [8]
glucopyranoside e >
Luteolin-7,3'-di-O-B-D- R.=R.=Glu: R.=H Calyx [7, 8]
glucopyranoside D 2
3',7-Dimethylquercetin Calyx [12]
OH O
R1=R2=CH3; R3=R4=H
3',4',7-Trimethylquercetin R;=R,=R;=CHj; R,=H Calyx [12]
3',4'-Dimethylquercetin R,=R,=H; R,=R;=CH; Calyx [11]
Quercetm—3—Q-B—D- R,=R,=R,=H; R,=Glu Calyx [7, 8]
glucopyranoside
Quercet1n—3,7.—d1—0—B—D— R,=R,=Glu; R,=R,=H Calyx [7, 8]
glucopyranoside
Calyx [11]
Kaempferol-3-0-3-D-
Glucose
Steroids H Calyx [8,9, 11, 13, 14,
28, 31, 46—438]

Physalin A
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Table 1. (Contd.)

Chemical Chemical component Structure part References
group of the plant

Physalin B H Calyx (8,9, 11, 12, 14,
0 31, 46, 47]

Physalin D H Calyx [8, 10, 13, 14, 31,
o 47, 49]

OR: O
Physalin O Calyx [8,9, 13, 31, 50]
Physalin F H Calyx [8, 11, 31]
(0]
0 o
Physalin G H Calyx [14, 31]
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Table 1. (Contd.)

Chemical Chemical component Structure Part References
group of the plant
Physalin L Calyx [8,9, 13, 23, 31,
46, 47]
Alkaloids | Calystegin A5 Roots [14]
R,=R,=H
Calystegin B1 HN Roots [14]
OH
R

R=OH

Calystegin B2 R, Roots [51]
HN
\\/, OH
R
R] :OH, R2:H
Organic Syringic acid COOH Calyx [52]
acids
H;CO OCHj;

OH

1,5-Dimethyl citrate o) OH O Calyx [53]
~N O)‘\//b)‘\ O/

HO O

5-Hydroxymethylfuroic acid | | Calyx [53]
(0) OH
(0]
OH
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methanol extract showed moderate antifungal activity
with minimum inhibitory concentration (MIC) from
128 to 512 ug/ml, dichloromethane extract and
fizalin D had low antifungal activity with MIC from
256 to 512 ug/ml [32]. Chlorogenic acid isolated from
the aerial parts of P. alkekengi showed high antibacte-
rial activity against Staphylococcus aureus, Streptococ-
cus pneumoniae, Bacillus subtilis, Escherichia coli and
Shigella dysenteriae with MIC values ranging from 20
to 80 ug/ml. Physalins B, D, F and G showed an anti-
malarial effect against Plasmodium falciparum in vitro
with IR 50 values ranging from 2.2 to 55 uM, where
physalin F showed the highest effect (1IC50 = 2.2 uM
and LC50 = 13.3 uM) [33].

Six physalins isolated from the plant: 73-methox-
ylisophysalin B, 7B-methoxyphysalin C, physalin V,
physalin VI, physalin VII, isophysalin I were tested for
antibacterial activity and cytotoxicity against human
HL-60, SMMC-7721, A-549, MCF-7 and SW-480.
The results showed that these compounds exhibit
strong cytotoxicity (IC50 < 5 uM) in vitro. Antibacte-
rial analysis showed that physalins exhibit high anti-
bacterial activity against Bacillus subtilis and Esche-
richia coli [31]. Aqueous, ethanolic, and methanol
fruit extracts were used against 3 types of fungi: Mi-
crosporum canis, Candida albicans, Trichophyton
mentagrophytes. The aqueous extract had a limited
spectrum of antifungal effect compared to the other
two extracts. Ethanol extract had the strongest effect
at MIC = 15.62 against all fungi tested [34].

ANTITUMOUR ACTIVITY

Several authors [35—38] provide information on
the antitumour activity of P. alkekengi. Taken together,
physalins, flavonoids and phenylpropanoids may be
considered as the main antitumour substances. Phys-
alins A and B, being representative compounds for the
genus Physalis, were tested for their antitumor proper-
ties using cell analysis. [35, 38]. When studying phys-
alin B, its antiproliferative effect was established.
Physalin B was particularly active against human mela-
noma A375 and A2058 cells (IC50 <4.6 ug/ml) and had
lower cytotoxicity on H9¢2 rat cells and T/G HA-VSMC
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and CCD-966SK human cells. These results have
shown that these two physalins A and B may be prom-
ising therapeutic agents for the treatment of cancer,
especially melanoma.

The antitumour properties of the flavonoids isolat-
ed from P. alkekengi, including luteolin, quercetin and
their analogues, have been thoroughly investigated
[39, 40]. It has been found that these flavonoids can
induce apoptosis of cancer cells, stop the cancer cell
cycle and inhibit metastasis and angiogenesis.

ANTI-DIABETIC ACTIVITY

Several studies [41, 44] have found that P. alkekengi
has the potential to reduce serum glucose concentra-
tion in alloxan-induced diabetic rats. The reduced glu-
cose levels and activity may be associated with chemi-
cal compounds contained in fruits, mainly physalin,
flavonoids, citric acid and vitamin C.

Antidiabetic activity of ferulic and chlorogenic ac-
ids isolated from P. alkekengi was studied. Using vari-
ous diabetes models in vivo, it was found that these two
compounds can reduce blood glucose levels, stimulate
insulin secretion, improve glucose tolerance and insu-
lin resistance, inhibit lipid absorption and stimulate
lipid metabolism in vivo [42, 43].

Asano et al. established the antidiabetic potential of
polysaccharides (calystegines) isolated from P. alkek-
engi fruits. Administration of isolated polysaccharides
(50 and 100 mg/kg) reduced the blood glucosse level.
Calystegines are a group of structural analogues of
glucose and galactose, and, thus, they can block the
process of carbohydrate metabolism by competitive
inhibition of key glucosidases and galactosidases. It
was found that calystegin B2 isolated from P. alkekengi
is a potent competitive inhibitor of almond -glucosidase
(K; = 1.2 uM) and cofee bean a-galactosidase (K; =
= 0.86 uM) [45].

Despite using Physalis alkekengi for medical pur-
poses, the reasons for its high biological activity have
not been fully identified. The analysis of literature data
allows to consider P. alkekengi as a promising source of
substances for medicinal products.
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BNOJIOTNYECKN AKTUBHBIE KOMIIOHEHTbDI
N BUOJIOTNMYECKAA AKTUBHOCTD PHYSALIS ALKEKENGI (SOLANACEAE)

9. H. Hospy3oB*
! Auemumym Bomanuxu HAH Asepbaiidxcana, Baxy, Pecnybauka Asepbaiidcan
*e-mail: eldar_novruzov@yahoo.co.uk

Physalis alkekengi L. xopolllo 3HaNu Kak JiekapcTBeHHoe pacteHue eule B JIpesHem Kurae. [1inonpl, yamey-
Ky Y KOPHM PACTEHUs UCITOJb30BaIM TIPU JICYEHUHM psia 3a00ieBaHU, BKJIIo4Yasi 60J1b B ropJie, Kalleib,
9K3eMy, TeIIaTUT 1 OITyXoJau. B cucremMe MenuuuHbel YHaHU Cyxue IUIOABI pacTeHusl, Ha3biBaeMble Kaknaj
LICHSITCS TIPEXXe BCero Kak MCTOYHUKM BUTaMuHA C M UCMOJIB3YIOTCSI B KAYeCTBE MOYETOHHOTO, aHTUCETT-
TUYECKOTo U cenatuBHOro cpeactsa. CoBpeMeHHbIE MEAWIIMHCKIME UCCIIeIOBaHUS MTOKa3anu, uto P. alkek-
engi a3dekTrBeH Npu HapyleHUsIX GYHKIUH UMMYHHOU CUCTEMbI, YPOBHSI TOPMOHOB IIIUTOBUIHOM Ke-
JIe3bl, (hepMEHTOB TMIeYeHHU, MOJIOBBIX 1 PEPOIYKTUBHBIX TOPMOHOB, MMPOTUB paka. [Toje3HbIMU CBOICTBA-
MU pacTeHue 00s13aHO MPUCYTCTBMEM B €r0 COCTaBe OMOJOTMYECKM aKTUBHBIX COCIMHEHMIA, TAKMX KaK
anKajaounbl, paBoHouabl, crepounsl, ButaMuH C u ap. llens naHHOI pa®OThl — IIpOBeIeHME aHaAIM3a
MPUBENCHHBIX B JIUTEPATYpe PE3yIbTaTOB SKCIIEPUMEHTAJIBHBIX UCCJIEIOBAHUM, KACAIOIIUXCSI KOMITOHEHT-
HOTO cocTaBa U OMoioTu4ecKoit akTUBHOCTU P. alkekengi. Pe3ynbTraThl XUMUUECKOTO U3YYEHUS PACTEHUS
MOKa3bIBaJIM, YTO CBEXKHE TUIOJBI, a TAKXKE OCTAJIbHBIC YACTU pacTeHUs (Yalieyka, KOpHU, JIMCThs) OOTaThl
pa3IMYHBIMU OMOJIOTUYECKY aKTUBHBIMU BelllecTBaMM ((hJIaBOHOMIBI, CTEPOMIbI, aiKajouasl 1 ap.). Ha-
psiy C U3y4eHUeM XMMUUYECKOIo COCTaBa pa3IMYHbIX opraHoB P. alkekengi ObLIU IIMPOKO MCCIIETOBAHBI
aHTUOaKTepuaabHbIe, MPOTUBOTPUOKOBBIC, UMMYHOMOIYJIMPYIOIIUE, TIPOTUBOOITYXOJIEBbIE, TIPOTUBOBOC-
MaJuTebHbIC U AP. CBOMCTBA IPYIIIBI BELIECTB M UHAWBUIYTbHBIX KOMITIOHEHTOB, BBIACJICHHBIX U3 DKC-
TPaKTOB JAaHHOTO pacTeHus. Pe3ynbTaThl aHaIM3a JIMTepaTypPHBIX JaHHBIX TTO3BOJISTIOT pacCMaTpUBaTh TaH-
HOE pacTeHHMe B KaueCTBe MepCIeKTUBHOTO MCTOYHMKA BEIIECTB JJIs1 CO3MaHMsl JIEKAPCTBEHHBIX CPEICTB.

Keywords: Physalis alkekengi, 6Guonornyecku akTUBHbIE KOMIIOHEHTBI, OMOJIornyecKasi akTUBHOCTb
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