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SUMMARY
information-analytical researchThe carried out

efficacy and safety of Alpinia officinarum rhizome extracts. The papers describing the mechanisms of action of 
biologically active substances a. medicinal, as well as processes that cause antitumor and some other 
established biological effects. It has been shown that, along with high efficiency, some of the studied biologically 
active substances exhibit selectivity, which allows us to consider them as promising sources for the creation of 
natural drugs, dietary supplements to food, and SPP. No toxic effects have been identified.

Phenols (flavonoids, diarylheptanoids (DAG), phenylpropanoids), terpenes, phytosterols, and adducts 
of DAGterpene nature can be considered the main groups of biologically active substances responsible for 
a wide range of pharmacotherapeutic action of rhizomes of small galangal. The phenolic fraction obtained 
using various solvents, like individual biologically active substances, including adducts of DAG and 
terpenes, exhibit pronounced antiproliferative, antioxidant, anti-inflammatory, antiviral, neuroprotective, 
antiosteoporotic, antiulcer, antihyperlipidemic effects. Terpenes (including diterpenes) are mainly 
responsible for antimicrobial, anti-inflammatory, antiproliferative, antiviral effects.

The results obtained indicate a high nutraceutical potential and good prospects for the use of alpinia 
officinalis in the world medicinopharmaceutical practice as a source of drugs, dietary supplements for 
food and SPP.

Key words: traditional medicine, alpinia officinalis, Alpinia officinarum, flavonoids, diarylheptanoids, 
phenylpropanoids, terpenes, adducts of DAH-terpene nature, antiviral action, antitumor action, 
antimicrobial action, antioxidant action, anti-inflammatory action, neuroprotective action.

allowed install proven

RESUME
This review presents analysis of biological activity, traditional medicine and current scientific data on use of Lesser 

galangal (Alpinia officinarum) in medical and pharmaceutical practices. It was shown that based on its successful use in 
Traditional medicine for centuries, this herb generates significant interest from research laboratories across the globe. We 
found papers describing the mechanisms of action of biologically active substances (BAS), as well as the processes that cause 
antitumor and some other identified biological effects of Lesser galangal. It is shown that along with high efficiency, some of 
the studied BAS exhibit selectivity, which allows us to consider them promising sources for the creation of natural medicines, 
dietary supplements and specialized food products (SFP). No toxic effects were detected.

The main groups of BAS responsible for a wide range of pharmacotherapeutic effects of Lesser galangal 
rhizomes are phenols (flavonoids, diarylheptanoids (DAG), phenylpropanoids), terpenes, phytosterols, and DAGterpene 
adducts. The phenolic fraction obtained with the help of various solvents, as well as individual BAS, including adducts 
of DAG and terpenes, exhibit significant antiproliferative, antioxidant, antiinflammatory, antiviral, neuroprotective, 
antiosteoporotic, antiulcer, antihyperlipidemic effects. Terpenes (including diterpenes) are mainly responsible for 
antimicrobial, antiinflammatory, antiproliferative, and antiviral effects.

In this way obtained results indicate a high nutritional potential and good prospects for the use of Alpina 
officinalis in the modern medical and pharmaceutical practice as a source of medicines, dietary supplements and SFP.

Keywords: traditional medicine, Lesser galangal, Alpinia officinarum, flavonoids, diarylheptanoids, 
phenylpropanoids, terpenoids, diarylheptanoidterpene adducts, antiviral effect, antitumor effect, antimicrobial effect, 
antioxidant effect, antiinflammatory effect, neuroprotective effect.

INTRODUCTION
Medicines (drugs), dietary supplements to food (dietary supplements) and specialized food products (SPP) on
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based on plant raw materials are effective, safe and in demand in domestic medical practice. Some unique 
types of plants and medicinal plant materials have been used for thousands of years - from ancient times 
to the present. Such "vitality" is historically conditioned not only by the wide distribution of species in 
nature, sufficient resources and safety, but, first of all, by the unique types of pharmacotherapeutic action 
of these plants.

The ethnobotanical and ethnopharmacological interest in such plant species on the part of modern 
representatives of the scientific community is based, inter alia, on economic aspects, since the creation of 
modern effective and safe herbal preparations, dietary supplements and SPP often allows developing 
companies to introduce unique in efficiency, but very economical means and methods for the prevention 
and treatment of even rare and / or socially significant diseases.

Various species of the genus can be safely attributed to the number of plants traditionally used for 
thousands of years for food and medicinal purposes. Alpinia.

Numerous studies in vitro and in vivo, carried out both for extracts and forindividual connections
Alpinia officinarum,testify to a wide range of
pharmacotherapeutic actions, including anti-inflammatory, antibacterial, antifungal, antiproliferative, 
diuretic, antihyperlipidemic, antioxidant, antiemetic, antiobesity, antiosteoporotic, antitumor, inhibitory 
enzymes and NO production [43, 55, 87, 193, 193, The established unique antiviral properties look 
especially promising. medicinal in connection with the emergence of virulent respiratory diseases not only 
in Asia and the Middle East [173, 178, 193].

This work continues the series of publications devoted to a. medicinal (Alpinia officinarum).Publication 
1 was devoted to the characteristics of the research object in terms of its botanical features, synonymy 
and traditions of food use [19]; publication 2 covers the issues of phytochemistry of rhizomes a. medicinal, 
including its modern varieties [20].

The purpose of this information and analytical study is to objectify information aboutthe spectrum of 
biological activity (in comparison with the experience of traditional use) and the prospects for the use of a. 
medicinal as a source of modern domestic drugs and / or phytonutrients.

MATERIALS AND METHODS
The objects of the research were normative documents recommended for use in the prescribed 

manner, and bibliographic sources of a high degree of reliability, including monographs, scientific 
periodicals, reference books, dissertations, dissertation abstracts, as well as electronic scientific and 
official databases. We also took into account Internet resources with links to bibliographic sources of a 
high degree of reliability. Keyword search includingA. officinarum and synonyms were carried out using 
electronic databases, includingISI, Science direct, Scopus, PubMed, Google Scholar and defended 
dissertation database.

Conventional medical terms are quoted either in quotation marks, in italics, or in capital letters, in accordance 
with the conventions generally accepted in various traditional medical systems. The synonymy of the investigated 
species of alpinia is presented in accordance with [19].

When performing the work, the following analytical, historical, 
content analysis, systematization were used.

methods research: information

1. Uses of Alpinia officinarum in Traditional Medicine
In the Middle Ages, the rhizomes of the Lesser Galangal were initially known as a medicine (not a 

spice), which Arab doctors and "healers" quite widely spread throughout southern Europe [3, 17, 38, 150]. 
At that time, galanga rhizomes were used as a remedy to strengthen the stomach, relieve colic and 
stimulate appetite [13]. In addition to rhizomes, galanga oil was also famous and popular [17].

The most famous and influential philosopher and scientist of the medieval Islamic world, Avicenna [92], 
described small galangal as a stomachic and stimulant agent, useful for phlegmatic people and with stomach 
moisture. In his opinion, the rhizome promotes digestion due to the heat and secretions that it causes in the 
stomach, and thereby relieves colic, and also gives flavor to the breath. In addition, it warms the Kidneys, which 
makes the sperm agitated, and if a piece of rhizome is kept in the mouth, the small galangal causes an erection 
[207].

O.D. Barnaulov [3, 4] quotes the following from "Odo from Mena" (11th century):“You take 
galangal and it will immediately dissolve phlegmon in the stomach. If the sick person is 
phlegmatic, then his strength is strengthened.
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When it is taken, it drives out the winds imprisoned 
inside, Digestion improves and cures colic.
If you chew it, your mouth will smell pleasant. When taken, it 
multiplies the desire and action of the kidneys ”[3, 4, 26].
The German nun and healer Hildegard Bingen (1098-1179) believed that galangal (rhizome A. 

officinalis) is the best remedy for angina pectoris: “Anyone who finds pain in the region of the heart or 
suffers from heart failure should immediately consume the right amount of galangal, and then he will 
recover ”[195]. According to J. Duke (2003), with reference to M. Grieve (1931), the rhizomes of small 
galangal were also a favorite remedy in Estonia and Lithuania [83].

Nicholas Culpeper (1616-1654) wrote about the “large and small” galangal: “Both are sharp and dry to 
the extreme, and the“ small ”galangal is considered sharper; it greatly strengthens the stomach and 
relieves pain caused by exposure to cold or wind; its aroma cleanses the brain, strengthens weak hearts, 
removes winds from the belly, warms the loins and provokes love yearning. Take half a drachma (from 4 to 
7 g) at a time ”[27, 72]. In this case, Culpeper follows J. Gerard (c. 1545-1612), who wrote that both types of 
galangal are aphrodisiacs, “promote coitus by warming up excessively cold members” [27].

Maino de Manieri Maineri in his treatise "The Rules of Health" (a medieval guide to lifestyle) gave a 
recipe for "soft-boiled eggs, carefully mashed with cinnamon, pepper, salt, galangal", which "truly 
strengthens all limbs, especially the ejaculating", since the egg was with fertility, and hot spices - with 
desire [27]. Constantine the African (between 1010 and 1020-1087) advised the use of galangal in 
"restorative procedures", taking it after lunch and dinner. Tunisian physician Ibn al-Jazzar (c. 895-c. 979), 
from whom, according to O'Connell (2015) [27], Constantine borrowed many of his recipes, wrote that 
galangal can cause "instant erection" [227] ... This is quite consistent with the fact that the Arabs from 
ancient times fed their horses with a small galangal in order to "make them more passionate and 
fiery" [83].

In medieval Armenian medicine, small galangal was considered “a root similar to ginger” [2]. “Its nature is 
hot and dry in the third degree ... Makes pleasant taste in the mouth, improves complexion. Eliminates the smell 
of onions, wine, garlic from the mouth. Strengthens the stomach, aids in the digestion of food. Helps with colic, 
stomach pains, kidney diseases ”[2–4].

In oriental medicine, rhizomes have been and are used as an anti-febrile and to relieve abdominal 
pain [55], chronic enteritis (inflammation of the small intestine), indigestion, and pain in the stomach. It is 
believed that galanga promotes gas release, prevents relapses in chronic diseases of internal organs, 
stimulates salivation, and increases the functional activity of the stomach. The rhizome is also used for 
exhaustion, lack of appetite, headaches with syncope, hypochondria, and motion sickness [47].

O.D. Barnaulov (2015) ironically calls this plant Egyptian ginseng: “In Egypt, the spice traders, 
overwhelmingly ignorant of what they were selling, declared that shriveled Galant roots with a pungent 
taste were ginseng,” since a positive effect on potency was put forward as its main action [3].

Describing his own experience in using galangal and illustrating the little popularity of this rhizome in the 
professional medical community, O.D. Barnaulov writes that one doctor brought him a rhizome from Morocco 
and convinced the others that it was allegedly Rhodiola rosea. And he was hardly convinced that this was not so, 
breaking both rhizomes at the same time - neither taste nor color matched. At the same time, the author of the 
famous "Medicinal properties of spices" [3] notes that in his clinical (phytotherapeutic) practice he rarely and 
very limitedly uses galanga due to the lack of raw materials.

Modern Brazilian researchers note a wide range of traditional uses of Alpinia officinalis in folk 
medicine. These rhizomes are used to treat catarrh, rheumatism, halitosis, bronchial ulcers, coughs, throat 
infections, and digestive problems [230].

In the traditional medicine of Thailand, the rhizomes of a. drug is used to treat cancer [142], as a 
carminative, antifungal and antipruritic agent [108, 158]. In Malaysia, galangal is also traditionally used to 
treat cancer [142]. In Ayurvedic and traditional Chinese medicine (TCM) it has been used since ancient 
times for fairly broad indications [55, 150]. In India small galangal is also used as a deodorant and breath 
freshening agent [27]. Generally,A. officinarumhas been used for centuries as an antiemetic, gastric and 
analgesic agent throughout Asia [100, 133].

Also throughout Asia, in Turkey, Morocco and Iran a. medicinal is used in the form of a decoction, infusion, 
juice in the form of a separate extract or in combination with other medicinal plants (RL), food or
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drinks to treat general health problems, including colds, inflammation, indigestion, stomach pain, etc. The 
plant is also used to treat malaria [43].

Ayurveda. Alpinia officinalis has an Indian nameRasna [15]. In terms of energy, it has: tasteSpicy; virya 
(thermal effect) warming; vipak (effect after digestion) Pungent.Effects on Doshas: Kapha, Vata, Pita [15, 
22]. The pungent taste is most beneficial for Kapha people [22, 36]. According to Ayurvedic concepts, the 
beneficial effect of the Pungent taste is manifested in improving digestion and cleansing the body. An 
excess of Acute leads to increased acidity, weight loss, dry tissue, irritability. Its lack is manifested in the 
weakness of digestion, stagnation, lethargy, the formation and accumulation of ama and mucus [36].

The tropism of Galangalus lesser: alimentary tract [15]. Action: stimulating, diaphoretic, 
antirheumatic, improving appetite, promoting digestion [15, 22]. Indications: stomach diseases (ulcers, 
gastritis, colic) [15]. Dosage forms: infusion, decoction [15].

TCM. Historically in China, the rhizomes of a. medicinal is used as a gastric remedy [108], in particular 
for relieving stomach pain, as well as for the treatment of colds, improving blood circulation and reducing 
edema [55, 191].

Since ancient times in China, small galangal has been used by the people for the treatment of rheumatism, 
bronchial catarrh, ulcers, diabetes, for blood coagulation and for the treatment of throat infections [257, 259]. 
Currently, rhizomes are one of the most commonly used medications in TCM for the treatment of fungal vaginitis, and 
galangin is used as a dietary supplement [207].

Taste - Spicy. Properties (character) - warm. Correlation with channels: Spleen, Stomach [7, 8].
Functions and action. Dispersion of Cold to stop pain, warming up Zhong-jiao (Spleen and Stomach) 

to stop vomiting [7, 8]. According to other sources, the rhizome of Galangalus lesser expels Cold from
Stomach, improves digestion, relieves pain, eliminates flatulence, has a pain reliever,anti-febrile, salivary, 
stomach tonic, appetite-increasing action [39].

Usage Information Available A. officinarum among the plants used in TCM to treathelminthiasis, as a 
means of stimulating the peristalsis of the stomach and intestines [34].

Indications. Cold pain in the abdomen from Cold in the Stomach. Vomiting due to Cold in Stomach [7, 8]. 
According to A.I. Schreter is prescribed for pain in the stomach (in the epigastric region) with a feeling of coldness, 
nausea, vomiting and sour regurgitation, which are caused by Cold in the Stomach [39].

Method of administration in TCM and doses. In decoctions on3–10 g, in the form of a powder - 3 g each [7, 8], according to other sources - 3–6 g of 
raw material per day [39].

The Brockhaus and Efron Encyclopedic Dictionary (1892) reports that in domestic medicine galanga 
belongs to intoxicants and is used for digestive disorders as an integral part of many drugs [12].

Seeds a. medicinal are recommended in oriental medicine for malaria, cholera, disorderstomach, 
heartburn, toothache [47], although in this case there may be confusion, since a. medicinal (small galangal 
[19]) use rhizomes, while in a. galanga (large galangal) - seeds [19]. "Big kalgan" (Javanese kalgan, in 
Indonesian - laos) in Indonesia has long been growing on about. Java ", has a large tuberous root, similar 
to the root of ginger, covered with a reddish-brown or creamy skin" [27].

According to the description of the Portuguese physician and naturalist Garcia de Orta (1501-1568), in Indonesia, the locals 
“those who came from Java (Java Indonesia), as well as midwives and local healers, do not sow the seeds of the Javanese galangal, but 
put them in salads. and they drink the infusion as a medicine ”[27].

The food and medicinal use of alpinia seeds is similar to that of all members of the Ginger family. Indicated 
for indigestion, pain in the stomach, nausea, vomiting, diarrhea due to the emptiness of the Yang. They are also 
prescribed for spermatorrhea, enuresis in children, salivation [3]. For a. holly, it is known that the seeds have a 
pungent (spicy) taste and a warm character [3, 35].

2. Application in homeopathy
Rhizome a. medicinal is used in homeopathy [1, 5, 6, 12, 16, 18, 21, 24, 39, 97, 117]. The plant is included in Appendix 2 to 

the order of the Ministry of Health of the Russian Federation dated November 29, 1995 No. 335 (as one of the positions in the 
nomenclature of domestic homeopathic medicines) [5, 6, 18, 21, 24], in the State Register of Medicines (2002) [14 , 18], the 
German Homeopathic Pharmacopoeia [21, 97, 117] and the Heel catalog [21, 116].

According to the German Homeopathic Pharmacopoeia GHP (2000) [97], the raw material is dried rhizomes 
A. officinarum (Galanga) containing at least 4 ml of essential oil in 1 kg of raw materials. In accordance with the 
requirements of GHP (2000), the raw material should not contain any admixture of rhizomesKaempferia galanga 
L., which differ in size (up to 4 cm thick) and light-colored central cylinder [97].

Matrix tincture is prepared from dried [1], according to other sources - from fresh crushed rhizomes
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according to method 4a using 86% (by weight) ethanol [97]. The finished matrix tincture has a color from 
yellowish-brown to reddish-brown, the smell is aromatic, the taste is hot, scalding, aromatic [97].

Dilutions used: 3X, 3 and higher. The main indications are diarrhea, gastroenterocolitis [1].

3. Modern understanding of the biological action of Alpinia officinarum
Domestic researchers show practically no interest in either experimental or clinical research a. 

medicinal, which is apparently explained by the rare and mainly food use of these rhizomes in Russia. We 
have found domestic bibliographic sources containing information on the biological effect of the food use 
of this plant as a spice [1, 3, 19, 28–32] and on the use in traditional and folk medicine of different 
countries [1, 3, 4, 7, 25 , 39]. We have not identified the results of domestic experimental and clinical 
studies in the available literature. The publications are only of historical and informational and analytical 
nature in terms of food use and traditional medical use.

According to O.D. Barnaulova, “the rhizome of alpinia has a diaphoretic, diuretic, carminative effect; 
expels helminths, stimulates appetite, increases gastric secretion, bile secretion, and therefore is indicated 
for hyposecretory gastritis, cholecystitis, bile stasis (cholestasis), cholelithiasis, hepatitis, “animal bites” [3, 
4]. Like other members of the Ginger family, small galangal exhibits anabolic, antitoxic, tonic, 
immunomodulatory effects [3].

Special attention of O.D. Barnaulov draws on the property of alpinia rhizomes to increase potency, 
erection, that is, to have a positive gonadotropic effect, "which should attract the attention of 
sexopathologists." According to him, galang "has a positive effect on stress resistance and reproductive 
functions of patients" [3]. Rhizomes also act carminatively, stimulate respiration [1].

Abroad, there is a noticeable interest in the study of a. medicinal is explained by ethnobotanical and 
ethnopharmacological data, confirming the use in traditional medicine of different countries and a wide range 
of its biological action, due to the rich complex of biologically active substances [20, 55].

Generalized views of the early XXI century on biological action a. medicinal products were presented 
by Duke JA (Table 1) in the Handbook of Medicinal Herbs [81] and in the CRC handbook of medicinal spices 
[83], as well as in the official Medical Directory of Herbal Medicines ( PDR for Herbal Medicines) [147]. In 
these publications, attention is drawn to a significant number of references to medicinal properties that 
require confirmation from the standpoint of evidence-based medicine.

More recent studies indicate that the rhizome of a. medicinal (various extracts, as well as isolated 
groups of biologically active substances and individual compounds) exhibits a wide spectrum of 
pharmacotherapeutic actions, including anti-inflammatory, antibacterial, antioxidant, anti-osteoporotic, 
anti-obesity, antitumor, inhibitory enzymes, as well as unique antiviral properties [43, 55, 62, 87 , 193, 243] 
(Sections 3.14 and 4).

3.1. Biological activity of extracts and various extracts
from rhizomes a. medicinal

In 2017, a group of researchers from Brunei (University of Brunei Darussalam) performed a review of 
experimental studies on the study of extracts and fractions of different polarities from different parts of 
the plant (leaves, roots, rhizomes, aerial parts). Extraction was carried out with various solvents (methanol, 
ethanol, ethyl acetate, hexane, dichloromethane, water, chloroform, petroleum ether) using adequate 
methods: maceration, percolation, ultrasonic extraction and in a Soxhlet apparatus, etc. - solvent ". 
Extracts, fractions, and individual isolated compounds were studied for their biological activity [55].

Fractionation and isolation of biologically active substances in combination with bioanalysis is by far 
the most widely used approach for evidence-based pharmacological studies. in vitro and in vivo, with
where each extractant and the fraction isolated with its help are examined for their potential biological 
activity. The study of each of the isolated fractions can lead to the identification of new promising 
compounds for the creation of drugs.

Table 1
Biological activity and types of action (in alphabetical order) according to [81]
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No. Type of action Evidence-based.
base

No. Type of action Evidence-based
base

1 Antibacterial 1; KOM; PH2 ten Anti-inflammatory 2; KOM; PH2
2 Antidiuretic - promotes fluid 

retention in the body by 
participating in
regulation of the amount of 
water, incl. by increasing
reabsorption (increasing
concentration of urine and
reducing its volume)

f; DEP eleven Antineoplastic 1; PNC

3 Antiperiodic -
preventative
regular relapses

f; EFS 12 Antiulcer 1; PNC

4 Antiprostaglandin 2; KOM 13 Stimulating 1; EFS; MAD;
MPI; PNC

5 Antispastic
(antispasmodic)

2; KOM; PH2 fourteen Stimulating
salivation

f; EFS

6 Aperitif f; PH2 15 Tonic f; DEP; EFS
7 Aphrodisidic

- acts as an aphrodisiac
f; DEP 16 Sedative f; DEP

eight Carminative f; EFS; PNC 17 Emmenagic - pro
waking menstruation
major bleeding

f; MAD
nineGastric f; EFS; MAD;

MPI
Note to table 1 and 4:
DAA - edition data [82], DEP - edition data [232], EFS - edition data [216], GMH - edition data [102], HHB - edition data 
[152], JLH - edition data [115], KOM - edition data [58], MAD - edition data [165], MPI - data from 2 editions [126, 127], 
PHR - plants whose efficacy has been confirmed by Commission E (KOM) and included in the 1st edition of the PDR for 
Herbal Medicines [93], PH2 - Commission E (KOM) approved plants included in the 2nd edition of the PDR for Herbal 
Medicines [104], PNC - data from the edition [239].

1 - Evaluation of effectiveness: the chemical in the plant or in the plant extract has been shown to be active: either it 
has been proven experimentally (in animals), or in vitro; but the evidence for clinical efficacynot yet available [81],

2 - Evaluation of efficacy: an aqueous extract, a decoction or tea from the plant, possibly also an ethanol extract, 
has shown activity, which has also been supported by proven efficacy in clinical trials. In most cases, effectiveness 
has been proven and approved by Commission E (KOM) and Tramil Commission (TRA) [81],

f - Evaluation of effectiveness: activity data available from traditional or traditional medicine; however, adequate 
scientific research has not yet been carried out [81].

According to [55], methanol is considered the most preferred extractant for obtaining primary crude 
recovery, which can be additionally fractionated using other solvents. It was also revealed that 100% 
methanol is the least toxic extraction solvent among other extractants (hexane, chloroform, 
dichloromethane, acetone and an aqueous solution) when testedin vitro on cell cultures [186]. Minimal 
toxicity when exposed to cell culturesin vitro is combined with a proven lack of influence of the solvent 
itself onantitumor activity of extracts [55].

The established types of action of extracts and fractions obtained using organic solvents and the 
method of re-extraction are presented in table. 2 (specific connections are discussed below in sections 3.2–
3.14).

table 2
Types of action of various extractions

from leaves (L), grass (Tr), roots (K) and rhizomes (Ksh) a. medicinal (according to [55])
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Part
growing

niya

Ex-
exactly

Nick
Extraction method Activities

2.1. Methanol extracts containing flavonoids and diaryl heptanoids
Ksh Maceration Anti-inflammatory, in vitro -

antioxidant 118

Ksh 72-hour raw material soak
in 99.8% methanol

Anticancer 98

L and Ksh 2-hour ultrasonic treatment
with 100% methanol extraction

High antiproliferative activity
leaf extract,

comparable to rhizome extract
186

Ksh Ultrasonic extraction Antioxidant 66
TO Extraction with 70% methanol

at 80 ° С for 3 hours
Antioxidant 143

2.2. Ethyl acetate extracts from various rhizome extracts
Extraction with ethyl 
acetate from metal extract

Anti-inflammatory, antioxidant 118

Extraction with ethyl acetate 
from acetone extract

Inhibiting nitric oxide production
Ksh 170

Anticancer, enzyme-inhibiting
Extraction with ethyl acetate 

from dried ethanol extract
Anticancer for various types of cancer, 

cytotoxic for various cell lines
154,
155

2.3. Chloroform extracts from various rhizome extracts
Ultrasonic extraction for 2

hL and Ksh High antiproliferative activity 186

Ksh Chloroform release
from methanol extract

High antioxidant activity 162,
163

Ksh Chloroform release
from ethyl acetate extract

Anticancer activity 234

2.4. Ethanol extracts of various parts of a. medicinal
Terrestrial

part
Hot and cold maceration

50% ethanol
Antibacterial, antioxidant.

Lack of antifungal
215,
256

- Maceration with 95% ethanol
at 70 ° С for 6 hours

Low antibacterial 197

Ksh Soak in 40% ethanol
within 2 hours

Antibacterial, enzyme-inhibiting 122

Ksh Extraction in a Soxhlet apparatus Anticancer 220
2.5. Hexane extracts of various parts of a. medicinal

High antiproliferative activity
rhizomesL and Ksh Ultrasonic extraction 186

Ksh Extraction in a Soxhlet apparatus Inhibition of nitric oxide production 196
2.6. Dichloromethane extracts of various parts a. medicinal

Ksh Extraction in a Soxhlet apparatus High anti-cancer activity 129,
142

L and Ksh Ultrasonic extraction High antiproliferative activity
both leaves and rhizomes

186

Numerous studies have also been conducted on aqueous extracts to mimic the traditional practice of 
drinking rhizome tea. A. officinarum. However, unlike methanol,aqueous extracts exhibited minimal 
biological activity without demonstrating antitumor, antiproliferative, and anti-inflammatory effects [55]. 
The differences in the spectrum of action and the severity of the effects are explained by the fact that the 
complex of BAS aqueous extracts may differ from BAS extracts obtained using other solvents, or such 
extracts may contain
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similar compounds, but in different concentrations [55].
Results of studying water extracts a. medicinal products are consistent with previous studies for other 

plant species: extracts obtained using organic solvents show more stable scientific results in comparison 
with aqueous extracts from the same types of raw materials [189]. In addition, some water-soluble 
compounds, such as flavonoids and some other phenolic compounds, show selectivity or show no 
significant biological activity [182, 246].

Nevertheless, with some methods of aqueous-alcoholic extraction [76], pronounced antioxidant and 
anti-inflammatory activity was shown [197]. In particular, plant materials, which were extracted by shaking 
or boiling under reflux in water-alcohol mixtures, gave better performance with a higher content of 
polyphenolic compounds and more pronounced antioxidant activity, compared with the use of

100% aqueous or 100% alcoholic extractant [99, 122, 143, 146, 215, 221].
Aqueous extracts from methanol extracts of rhizomes showed significant antioxidant activity against 

the background of a very modest antiproliferative effect, in comparison with other extracts obtained using 
methanol, hexane, chloroform, dichloromethane, and acetone [186].

Traditional rhizome tea also did not show any significant antiproliferative activity against the AMoL 
THP-1 cell line within 24 hours. Similar results were obtained for aqueous extracts and on the COR L23 cell 
lines of non-small cell lung cancer and the MCF7 cell line of human breast adenocarcinoma when tested 
even at the highest concentration of 25 μg / ml and after 48 h of exposure [142].

The aqueous fraction of the acetone extract showed no anti-inflammatory effect (no inhibition of NO 
production on the LPS-induced macrophage cell line RAW 264.7 was recorded) [169], and also did not 
inhibit melanogenesis and proliferation in the 4A5 B16 melanoma cell line
[170].

Sections 3.2–3.14 describe specific experimentally proven effects for various extracts and biologically active 
substances from rhizomes a. medicinal.

3.2. Antineoplastic activity
Various biologically active substances in rhizome extracts A. officinarum obtained using 95% of 

ethanol and other organic solvents showed antiproliferative activity in the experiment, which causes an 
antitumor effect on numerous lines of cancer cells [49, 142, 223, 255].

Targeted experiments were carried out on standardized substances from the rhizomes of a. a drug group 
of researchers from Saudi Arabia and Egypt with the aim of confirming and objectifying antitumor activity [44]. 
To obtain the substance, the rhizomes were dried, ground into powder, and extracted with 95% ethanol by 
percolation until depletion for 2 days as described in [52]. Then it was filtered through a cotton filter and 
evaporated using a rotary evaporator at 25 ° C to the specified volume according to the method described in 
[53]. The chemical composition and quality indicators of the substance obtained by the researchers were 
described in detail by us earlier [20].

For studies on animals, the obtained alcoholic dry extract of rhizomes was dissolved in fresh distilled 
water using the emulsifier Tween 80 [85]. The experiment was carried out on Swiss albino mice of both 
sexes (35–38 g) purchased from the vivarium of the Alazahar University (Cairo, Egypt) [44]. The animals 
were kept in polypropylene cages under standard environmental conditions [187].

Experimental studies were carried out in vitro on 5 cell lines (Table 3): Hela (cervical cancer), CACO 
(colorectal cancer), Pc3 (prostate cancer), HCT-116 (colon cancer) and A-549 (lung cancer), as published 
[228] at the Regional Center for Mycology and Biotechnology, Al-Azhar University (Cairo, Egypt) [44].

The study made it possible to reveal a dose-dependent cytotoxic effect in comparison with the effect 
of vinblastine sulfate as a standard drug (Table 3).

Table 3
Results of studying the antitumor activity of ethanol extract of rhizomes

a. medicinal (IC50) on 5 cell lines [44]

IC50(μg / ml)
Cell line

Extract Vinblastine sulfate
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IC50(μg / ml)
Cell line

Extract Vinblastine sulfate
A-549 (lung carcinoma) 6.72 ± 0.50 24.60 ± 0.70

CACO (intestinal carcinoma) 7.6 0 ± 0.30 30.30 ± 1.40

HCT-116 (colon cancer) 32.30 ± 3.10 3.50 ± 0.20

Hela (cervical cancer) 24.50 ± 1.10 59.70 ± 2.10

Pc3 (prostate cancer) 50.00 ± 2.40 21.20 ± 0.90

It was found that the maximum antitumor activity A. officinarum manifests itself in relation tocell line 
A-549 (lung carcinoma) and CACO (colorectal carcinoma). Accordingly, IC50
were 6.7 ± 0.5 and 7.6 ± 0.3 μg / ml, and this effect was even better than that of the standard preparation 
of vinblastine sulfate (24.6 ± 0.7 and 30.3 ± 1.4 μg / ml for A-549 and CACO, respectively). The rest of the 
results on three cell lines were assessed by the authors as promising, and IC50 extract a. drug was better 
on the Hela cell line (cervical cancer) than for vinblastine sulfate (24.5 ± 1.1 μg / ml and 59.7 ± 2.1 μg / ml, 
respectively). Minimal effect has been reported for Pc3 (prostate cancer) with IC50 for extract 50.0 ± 2.4 μg / 
ml versus IC50 21.2 ± 0.9 μg / ml for vinblastine sulfate [44].

In this study, the antitumor effect was attributed to the action of phenolic compounds [44, 204]. It has 
previously been shown that the flavonoid galangin fromA. officinarum suppresses cellular invasion by 
suppressingepithelial-mesenchymal transition and inducing apoptosis in renal cell carcinoma [63].

Ethanol extracts obtained from dried rhizomes A. officinarum in the Soxhlet apparatus,showed the 
highest activity in MTT analysis (a colorimetric test for assessing the metabolic activity of cells) against the 
PC-3 prostate cancer cell line compared to extracts obtained using other solvents (petroleum ether, 
chloroform, water). At the same time, the ethanol extract demonstrated an effective decrease in the 
growth of cancer cells [220]. 80% aqueous acetone extract from rhizomesA. officinarum inhibited 
melanogenesis in stimulatedtheophyllin of murine melanoma B16 4A5 cells, and the flavonoid galangin 
was a representative component of this species of the genus alpinia, which induced apoptosis of BEL-7402 
cells through the mitochondrial pathway [160, 170, 253].

In addition, among the components isolated from this extract, 4 diarylheptanoid (DAG) inhibited 
melanogenesis with IC values50 (half of the maximum inhibitory concentration) in the range from 10 to 48 
microns. Of these, 3 DAGs inhibited the expression of tyrosinase mRNA and tyrosinaselated proteins-1 and 
proteins-2, as well as the level of the protein associated with the microphthalmos of the transcription factor. In 
this case, DAGA. officinarum caused distinct but overlapping effects on the translatom B-lymphoblastoid cells 
[133].

According to experts, alpinia DAGs have a very interesting structure [20], which is reflected in 
biological activity: a chalcone or flavanone fragment attached to the diarylheptanoid skeleton has a 
pronounced antiproliferative effect against human fibrosarcoma HT-1080 and highly metastatic carcinoma 
of the mouse colon 26-L5 [95, 253]. The attachment of the chalcone part enhances the antiproliferative 
activity of DAG [46, 253].

Study of antiproliferative activity of hexane extracts of leaves and rhizomes A. officinarumBased on 
the analysis of MTS on the AMoL THP-1 cell line, it was shown that the leaf extract has a significantly 
higher antiproliferative activity at a concentration of 2 mg / ml, compared to rhizomes. However, when the 
leaf extract was diluted to a concentration of 0.1 mg / ml, its antiproliferative activity was sharply reduced 
[186]. In the same model, dichloromethane extracts of both leaves and rhizomes, including derivatives of 
hydroxycinnamic acids and β-sitosterol, showed a very significant antiproliferative activity with 100% cell 
death at concentrations of 0.1 and 2 mg / ml for 24 h [186].

Lee CC and Houghton P. (2005) studied the antitumor activity of the same dichloromethane extracts 
using sulforhodamine B. The investigated extracts showed the highest cytotoxicity against human non-
small cell lung cancer cell line L23 COR for 48 h with an IC value50 5.4 ± 0.51 μM [142].

Individual compounds isolated from dichloromethane extracts: 1 ›-acetoxychavicol acetate (comp. No. 
13.1. [20]), trans-pcoumaroyl diacetate (No. 13.2.), 4-hydroxycinnamaldehyde (No. 13.3.) And β-sitosterol 
(No. 13.4.) (Hereinafter, all compounds are numbered according to publication [20]) were also tested by 
Lee CC and Houghton P. (2005) for cytotoxic activity. Connection No. 13.1.
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showed the highest activity at IC values50 5.8 ± 0.2 μM and 8.6 ± 0.0 μM, against the COR L23 cell lines and 
MCF7 human breast adenocarcinoma, respectively [142, 169].

When tested against the non-cancerous MCF5 cell line, compound # 13.1. showed a higher selectivity 
of cancer cells in relation to the COR L23 cell line compared to the MCF7 cell line, with a selectivity factor of 
2.83 and 1.91, respectively, whereas compound No. 13.4. showed no cytotoxic activity against all tested 
cell lines [142, 169].

Some of the highlighted connections A. officinarum has even shown discriminatory tolerancein 
relation to normal cells, especially compound No. 13.1., isolated from dichloromethane extract of 
rhizomes A. officinarum [142], in which it was found that the 1'-acetoxyl group in the chavicol analogue 
significantly contributes to its cytotoxic activity [128, 179].

Basri AM et al. (2017) consider this message promising for the search for a safe treatment of cancer 
patients, since drugs approach the ideal if they are selective and targeted at a specific point of application, 
and also do not cause genetic and chromosomal aberrations that can lead to toxicity and unwanted side 
effects [55 ].

S. Ghil reported the ability of methanol extract of rhizomes A. officinarum inhibit
proliferation of cells of the human breast cancer cell line MCF-7 depending on the dose and time, 
contributing to the arrest of the cell cycle, therefore, inducing cell apoptosis (Table 2) [98]. In another 
study, the antiproliferative activity of not only rhizomes, but also leaves was studied.A. officinarum. 
Methanol extracts (100% methanol) at a concentration of 2 mg / ml showed a significantly higher 
antiproliferative activity of the leaf extract compared to the rhizome extract against the AMoL THP-1 cell 
line [186].

To clarify the biologically active substances responsible for various mechanisms of antitumor action, 
in 2009.Matsuda H. et al. the ethyl acetate fraction was isolated from the crude acetone extract of 
rhizomes a.medicinal [170]. The purified fraction showed higher activity compared to extracts obtained 
using other solvents (acetone and aqueous solution).

Researchers considered several compounds to be responsible for the shown activity [170]: No. 1.5. (galangin), no. 
1.9. (kaempferid), no. 5.1. (5-hydroxy-7- (4'-hydroxy-3'-methoxyphenyl) -1-phenylheptan-3-one), no. 5.2. (pinobaxin), No. 
5.3. (5-hydroxy-1,7-diphenyl-3-heptanone), no. 5.4. (7- (4 "- hydroxy-3" - methoxyphenyl) -1-phenylhept-4-en-3-one), No. 
5.5. (3,5-dihydroxy-1,7-diphenylheptane), no. 5.6. (3-phenylpropanoic acid) and No. 5.7. (zingeron) [20].

Of the listed BAS, only compounds 1.5., 5.4. and 5.5. ([20]) showed lipopolysaccharide (LPS) -induced 
inhibition of nitric oxide (NO) production in the RAW 264.7 mouse macrophage cell line. Connections No. 
1.5., 1.9., 5.1., 5.3., 5.4. and 5.5. ([20]) significantly inhibited melanogenesis in theophylline-stimulated 
melanoma cells B16 4A5, a No. 1.5., 1.9. and 5.4. inhibited the enzymatic activity of fungal tyrosinase [170] 
(Table 2).

According to SN Omoregie et al. (2013), chloroform extracts of leaves and rhizomesA. officinarum
showed a very high antiproliferative activity against the AMoL THP-1 cell line with 100% cell death at 
concentrations of 0.1 and 2 mg / ml for 24 hours [186]. Later, from the rhizomes a. medicinal was isolated 
and thoroughly studied [181, 234] alpinisin A (No. 7.6. [20]) - adduct of DAG-sesquiterpene nature).

Connection No. 7.6. ([20]) has been tested for cytotoxic activityin vitro versus severalhuman tumor cell 
lines: gastric carcinoma - 7901 (SGC-7901), human breast cancer - Michigan Cancer Foundation - 7 (MCF-7) 
and Caski Carcinoma Caski cell lines. Revealed antitumor activity and pronounced inhibitory effects with IC
50, respectively 11.42, 15.14 and 14.78 μM [181, 186]. In addition to cytotoxic properties and tumor growth 
regression, some biologically active substances a. drug demonstrated a pronounced antimetastatic 
potential. In particular, cardamonin, galangin and flavocavin B isolated fromA. officinarum (as well as from 
A. katsumadai and A. pricei), showedantimetastatic properties in Lewis lung carcinoma, fibrosarcoma, 
melanoma, renal carcinoma and in relation to cell carcinoma of the breast [193].

In general, as noted by the authors of the review [199] devoted to the antitumor properties of A. 
officinarum,the anti-cancer potential of this plant is of great interest from the scientific community. Every 
year there is more and more evidence that the plant contains powerful antiproliferative agents, which may 
serve as the basis for the most modern anticancer drugs in the near future [199]. Studying the 
mechanisms of action of biologically active substances can help to prevent possible adverse effects, 
therefore, to maximize their effectiveness [55].

3.3. Antibacterial and antifungal action
Ethanol extract of rhizomes A. officinarum (maceration 40% ethanol for 2 hours) inhibited
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reaction of bacterial fatty acid synthetase, β-ketoacyl-ACP reductase (FabG). It has also shown effective 
inhibition of the proliferation of gram-positive bacterial strains:S. aureus, αhemolytic streptococcus, β
hemolytic streptococcus and Streptococcus pneumoniae [122].

IB Abubakar et al. (2018) described the bifunctional role of DAGs in terms of their antibacterial and
anti-inflammatory activity. In particular, with reference to (Subramanian et al., 2009), it was shown on 
human peripheral blood mononuclear cells that DAGs exhibit antibacterial activity and suppress 
inflammation induced by enteropathogenic lipopolysaccharides.E. coli (Escherichia coli)
[43].

In addition, it was found that 3 alpinia DAGs: trans, trans-1,7-diphenylhepta-4, 6-dien-3-one, (5R) - 
trans-1,7-diphenyl-5-hydroxyhept-6-en3-one and (3S, 5S) -trans-1,7-diphenylhept-1-ene-3,5-diol exhibit 
pronounced antimycobacterial activity in terms of the accumulation and release of EtBr, as well as a 
synergistic effect with rifampicin, which should be taken into account when screening lipophilic plant 
extracts showing antimycobacterial activity [103].

During phytochemical screening of biologically active substances, potentiating the action of antibiotics, 
from rhizomes A. officinarum was isolated as an individual diterpene of antimicrobial action [110]. It has also 
been shown that its antifungal activity is associated with a change in the membrane permeability resulting from 
the alternation of membrane lipids [110].

In general, the antibacterial and antifungal effects of a very wide spectrum are described in sufficient 
detail for both terpenoid and phenolic complexes of rhizomes. A. officinarum (sec. 3.14).

3.4. Anti-inflammatory action
The carrageenan paw edema test is used to screen for anti-inflammatory drugs because it involves 

inhibition of the release and / or action of several neurotransmitters, histamine, serotonin, kinin, and 
prostaglandin [78, 171]. Dried rhizome extractA. officinarum(maceration in methanol) demonstrated 
inhibition of edema of the right hind paw in carrageenan-induced inflammation in rats (Table 2) [118].

A purified ethyl acetate extract from a methanol extract containing the flavonoid galangin and DAG 5-
hydroxy-7- (4 ›-hydroxy-3› -methoxyphenyl) -1-phenylheptan-3-one showed high efficiency in an acute 
inflammatory animal model comparable to nonsteroidal anti-inflammatory drug diclofenac, used in the 
experiment as a control [118]. The aqueous extract obtained in an autoclave with deionized water also had 
anti-inflammatory activity, moreover, it was more pronounced in comparison with the ethanol extract.A. 
officinarum [197]. Anti-inflammatory effect of ethanol extract a. medicinal likein vitro and in vivo is also 
shown in [66, 112, 215].

3.5. Inhibition of nitric oxide (NO) production
Study of the anti-inflammatory activity of the hexane extract of rhizomes A. officinarum andDAG 

isolated from it (comp. 1.18. - [20]) revealed inhibition of nitric oxide (NO) production in LPS-induced 
macrophage cell line RAW 264.7, which was mediated by inhibition of the transcriptional activity of nuclear 
factor-kβ, a gene regulator involved in cell proliferation, cellular adhesion and inflammatory reactions 
[196]. Normally, nitric oxide regulates many intra- and intercellular processes and affects the 
cardiovascular system, gastrointestinal tract (GIT), urogenital, nervous and respiratory systems [33].

Nervous system. In the brainNO performs the function of a secondary messenger in the processes of intracellular 
signaling, as a neurotransmitter it participates in intercellular signaling, functionally connecting postsynaptic and 
presynaptic neurons [33]. The highest activity of NO synthase was found in the cerebellum, while the lowest activity 
was found in the hypothalamus, midbrain, striatum, cortex, hippocampus, and medulla oblongata. Along the efferent 
nerves, this agent regulates the activity of the digestive tract, respiratory and genitourinary systems. It is believed that 
nitric oxide is involved in the pathogenesis of Parkinson's disease, since its level in the brain increases in this pathology 
[175].

Genitourinary system. The level of nitric oxide in the blood of patients with Berger's disease (a varietychronic 
glomerulonephritis) significantly increases after the introduction of isosorbide-5-mononitrate. At the same time, 
proteinuria and filtration are significantly reduced in comparison with the basal level [203]. The participation of nitric 
oxide in the formation of interstitial cystitis has been shown [136].

Respiratory system. The protective and damaging effects of periodic hypoxia andthe role of nitric 
oxide in acute and chronic lung diseases associated with pulmonary hypertension [23]. Particular attention 
is paid to NO in bronchial asthma [203]. The effect of growth hormone on the level of nitric oxide and 
fibrosis of cysts in the lung tissue has been studied [101].

Oncology. NO is a precursor of carcinogenic N-nitroso compounds, at the same time
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participates together with growth-stimulating factors, tyrosine kinase, Na+/ H+-exchanger, secondary 
messengers (cAMP, cGMP, inositol1,4,5-triphosphate, diacylglycerol, arachidonic acid and cyclic ADP-
ribose) in Ca regulation2+-mobilizing system of intracellular signal transmission and in the processes of cell 
division [33]. In addition, NO is released from compounds with antitumor activity, for example, nitrofurans 
and nitroimidazoles [10, 40].

NO increases the radiosensitivity of tumor tissues, since carbon radicals formed under the action of 
ionizing radiation on DNA in the absence of NO react with hydrogen atoms of neighboring proteins, which 
facilitates DNA repair [9].

Ethyl acetate extract from methanol extract of rhizomes a. medicinal containing the flavonoid 
galangin and 2 DAGs: 7- (4 ›› - hydroxy-3 ›› - methoxyphenyl) -1-phenylhept-4-en-3-one and 3,5-
dihydroxy-1,7-diphenylheptane in experiment showed inhibition of nitric oxide (NO) production in the RAW 
264.7 mouse macrophage cell line induced by lipopolysaccharide (LPS) [170].

The influence of NO on the course of the pathological process was also studied when determining the 
antioxidant, antiulcer and some other types of action of a. medicinal (Sections 3.9, 3.14.1).

3.6. Antioxidant action
Normal metabolism in the body, consumption and use of oxygen, for example, during respiration, cell 

growth and certain cellular immune processes, constantly generate also active
oxygen species (ROS) - superoxide radical anion (O - 2 ), hydrogen peroxide (H2O2), hydroxyl radical
(OH) et al. [237]. If ROS are not effectively removed, then various pathological processes develop [110]. 
Oxidative stress is increasingly considered as an important risk factor for neurodegenerative [66] (Section 
3.7) and many age-related diseases, including, in particular, osteoporosis [188] (excessive accumulation of 
ROS cannot be effectively eliminated by the antioxidant defense system, which contributes to oxidative 
stress and resulting in bone loss [194]) (Section 3.8).

The ability to reduce 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals is determined by the decrease in 
their absorption at 517 nm caused by antioxidants [56]. Many antioxidants that react quickly with peroxyl 
radicals may react slowly or may even be inert to DPPH [96].

According to [118], the extract of dried rhizomes A. officinarum (maceration in methanol) showeda 
promising dose-dependent effect of DPPH on free radical scavenging up to a concentration of 100 μg / ml 
(Table 2). Root extractA. officinarum (maceration 70% methanol at 80 ° C for 3 h), showed a pronounced 
dose-dependent antioxidant DPPH effect and significantly inhibited lipid peroxidation in treated H2O2 cells 
V79-4 [143]. Methanol extract of dried rhizomesA. officinarum obtained by ultrasonic extraction also 
showed goodantioxidant DPPH activity [66] (Table 2).

Extract A. officinarum was one of the 5 plant methanol extracts studied at the Biotechnology Research 
Institute of Hongquang University (Taiwan) in 2011 for the presence of antioxidant effects. In comparison 
with four other objects of study, the dominant fraction in the extract of alpinia rhizomes was the 
triterpenoid fraction, while the phenolic fraction in the hawthorn fruits, the flavonoid fraction in the 
spatolobus shoots, and tannins in the uncaria [66]. The total content of phenols in 1 g of the studied 
extract of rhizomes a. drug was 376.8 ± 5.5 mg (in terms of gallic acid), flavonoids - 659.5 ± 10.4 mg (in 
terms of quercetin), triterpenoids - 109.8 ± 5.6 mg (in terms of ursolic acid), tannins - 45.4 ± 1.2% [66].

All 5 studied extracts showed a pronounced ability to absorb ROS (chemiluminescence method: HRP-
luminol-H2O2 can significantly enhance light radiation), and their antioxidant activity was higher than that 
of L-ascorbic acid and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid [66]. According to the 
authors of the study, it was the high total content of triterpenoids that determined the good antioxidant 
activity of the a. medicinal in tests pyrogallol-luminol and CuSO4-Phen-Vc-H2O2 [66]. At the same time, 
according to [55], the antioxidant effectA. officinarum can be caused not only by triterpenoids, but also by 
a number of othersconnections. In particular, flavonoids and other polyphenols of alpinia possess the 
ability to absorb ROS [192]. In support of this, purified ethyl acetate extraction from methanol extract 
(maceration in methanol) containing the flavonoid galangin and DAG 5-hydroxy-7- (4 ›-hydroxy-3› - 
methoxyphenyl) -1-phenylheptan-3-one showed high antioxidant activityin vitro [118].

Study of the antioxidant activity of chloroform extracts from methanol extract of rhizomes a. drug 
was carried out by autoxidation of methyl linoleate [162, 163]. The highest antioxidant activity was shown 
by g-Pcumaryl alcohol methyl ether. The rest of the connections of this
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fractions (Nos. 7.2. –7.5. [20]) showed an antioxidant activity lower than that of αtocopherol as a reference
antioxidant standard [55]. The same method was used to study the antioxidant activity of the extraction 
obtained by re-extraction with water from the methanol extraction (phenol alcohols). Isolated from the 
water fraction ncoumaril alcohol showed higher activity compared to 1,5 bis(4-hydroxyphenyl) -2- 
(hydroxymethyl) -4-penten-1-ol contained in the same fraction [162, 163]. The aqueous extract obtained in 
an autoclave with deionized water also had a more significant activity compared to the ethanol extract.A. 
officinarum [197].

Antioxidant effect of ethanol extract a. medicinalin vitro and in vivo also shown inworks [66, 112, 215]. 
Thus, the antioxidant effect of rhizome extracts a. medicinal products obtained using various solvents are 
considered fully proven [55].

3.7. Neuroprotective (neuroprotective) action
Surplus production of ROS (•O - 2 , •OH, H2O2) generated including during normal exchange

substances in the body, oxygen consumption during respiration, in some cellular immune functions [66], 
lipid autooxidation [51, 65] and other processes, according to modern concepts, is associated not only with 
aging and with many diseases, including atherosclerosis, cancer, inflammatory diseases but also with 
some neurodegenerative diseases [65, 109]. Since the main mechanism of development of the latter is 
currently considered damage by free radicals [65, 66], the results of studies of antioxidant and 
neuroprotective effects often correlate. In this case, rat pheochromocytoma cells (PC12, CRL-1721) are 
chosen as a model for the study of neurodegenerative diseases [66].

Previously, it was shown that, for example, methyl gallate is able to significantly uptake ROS and 
weaken the apoptotic response resulting from prolonged oxidative stress during apoptosis of PC12 cells 
induced by H2O2 [69]. Sesaminol glucosides have a protective effect on amyloid beta25–35
for (Aβ25–35) -induced death of PC12 cells, and their effect may be related to the effect of trapping ROS in 
the study of Alzheimer's disease [141]. Aqueous extract of hooksUncaria rhynchophylla alsosignificantly 
reduces the formation of ROS and the death of PC12 cells induced by 6-hydroxydopamine, which was used 
to study Parkinson's disease [208]. The same cell line and model (apoptosis of PC12 cells caused by H2O2) 
were successfully used to study the protective neuroprotective effect of puerarin in neurodegenerative 
diseases [131].

Summarizing the results obtained, Chang CL and Lin CS (2012) concluded that compounds exhibiting 
neuroprotective activity in toxicity induced by H2O2 in relation to PC12 cells, are reliably potential 
candidates for the treatment of neurodegenerative diseases (after a thorough study of the mechanisms of 
their action in vivo) [65]. Therefore, having established in 2011 the presence of an antioxidant effect in 5 
plant methanol extracts (Section 3.6.), CL Chang et al. (2012) used the PC12 cell line as a model to study the 
induced neurogrowth and neuroprotective effect of these extracts on H2O2-induced death of PC12 cells 
[66].

One of the 5 mentioned subjects of study of neuroprotective effect on PC12 cells was the extract A. 
officinarum (along with Spatholobus suberectus, Uncaria rhynchophylla, Drynaria fortuneiand Crataegus 
pinnatifida) [66]. Atin vitro exposure H2O2 (40 µM, 12 h) on the model "Inhibition of H2O2- induced cell 
death PC12 ", the cell viability decreased to 59.0 ± 5.1%, but against the background of the use of the 
investigated extracts at a concentration of 0.5-5.0 µg / ml, protecting cells from H2O2, stimulation of 
neurogrowth activity was observed, that is, the viability of PC12 cells increased in comparison with the 
control. However, the neuroprotective effect of the extractsA. officinarum and Drynaria fortuneiturned out 
to be very moderate in this experiment in comparison with the other three samples [66].

After 4 years, Huang et al. (2015) reported that DAG fromA. officinarum 7- (4-hydroxyphenyl) -1-
phenyl-4Ehepten-3-one has a pronounced effect on neuronal differentiation and neurite growth in vitro and in vivo
[225]. A year later, Huang et al. (2016) demonstrated the neuroprotective effect of DAG (4E) -7- (4-
hydroxyphenyl) -1-phenylhept-4-en-3-one from a. drug against toxicity caused by β amyloid, on neuronal 
cells. ΒAmyloid is considered one of the main causes of diseaseAlzheimer's (the most common 
neurodegenerative disorder characterized by progressive cognitive impairment) [121].

As a result of the studies carried out, it was shown that the studied DAG has a neuroprotective effect 
in neurotoxicity caused by βamyloid. When damaged by β-amyloid oligomers, the dendrites of neurons 
became atrophic and simplified; however, such disorderssignificantly stopped after treatment with the 
DAG substance. Moreover, under the influence of this substance, the levels of apoptosis and oxidative 
stress caused by βamyloid. Further analysis showedthat the anticaspase and dendritic protective effects of 
DAH depend on the activation of the PI3K-mTOR pathways
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(phosphatidylinositol-3-kinase (PI3K) - mammalian target of rapamycin (mTOR)). The results obtained 
allowed the authors of the study to characterize (4E) -7- (4-hydroxyphenyl) -1-phenylhept-4-en-3-one as a 
promising compound with neuroprotective action in damage to the integrity of dendrites β amyloid and to 
increase cell survival in Alzheimer's disease [121].

After 2 years, Hui Liu et al. (2018) isolated from the rhizomes of a. medicinal range of DAG and DAG adducts 
with terpenes. In particular, two pairs of new enantiomers of diarylheptanoid-monoterpene adducts were 
isolated: (±) -alpininoids A and B, as well as three pairs of new enantiomers of diarylheptanoid-sesquiterpene 
adducts: (±) -alpininoids CE, along with four known diarylminoids R -5-hydroxy-1,7-diphenyl-3-heptanone, 1-
phenyl-7- (4-hydroxy-3-methoxyphenyl) -4E-en-3-heptanone, 1-phenyl-7 (4-hydroxyphenyl) - 4E-en-3-heptanone 
and 1,7-diphenyl-4E-en-3-heptanone [157]. A detailed characterization of these compounds was presented by us 
earlier [20].

All isolated biologically active substances were tested for their neuroprotective activity against MPP.+ -
induced damage to cortical neurons. It was shown that after exposure to 500 μM MPP+ within 20 h, the 
viability of cortical neuron cells decreased to 62%. The dextrorotatory enantiomer of (+) alpinidinoid A (16 
μM) significantly restored cell viability. At the same time, its (-) enantiomer did not show any 
neuroprotective effect, which, according to researchers, confirms the stereospecificity of the described 
neuroprotective activity [157].

The putative biosynthetic precursors of both enantiomers of alpinidinoid A (1-phenyl-7- (4-hydroxy-3-
methoxyphenyl) -4E-en-3-heptanone and βmyrcene) were also evaluated for their neuroprotectiveanti-
MPP activity+-induced damage to cortical neurons, however, none of them showed a noticeable 
neuroprotective effect at the tested concentrations. This allowed the researchers to conclude that the 
hybridization of diarylheptanoid and monoterpene may be important for neuroprotective activity [157].

In 2020, Hui Liu et al. published the most recent results of studying the neuroprotective activity of 
dimeric DAH rhizomesA. officinarum [156]. At the first stage of the study, two new dimeric DAGs with two 
unusual binding patterns (alpinidinoids A (±) and B) and a new dimer of DAGs with a rare pyridine ring 
bond (alpinidinoid C) were isolated from the rhizomes. Then, by extensive spectroscopic methods and 
theoretical calculations, the structures of all compounds, including their absolute configurations, were 
determined [156] (their characteristics are presented in [20]).

When studying neuroprotective activity against oxygen-glucose deprivation and reoxygenation 
(OGD / R) damage in primary cortical neurons, it was found that the dextrorotatory enantiomer of 
alpinidinoid A (+) significantly improved OGD / R-induced apoptosis of neurons, which depended on 
activation of the AKT / mTOR signaling pathway. ... Therefore, the compound can be considered very 
promising for further clinical studies with the aim of creating modern natural neuroprotectors [156]. 
Antiamnesic effect of ethanol extract a. drug in Aβ-induced neurodegeneration in mice, due to antioxidant 
properties, was shown in [112].

Thus, to date, the neuroprotective properties of a. medicinal can be considered proven [75].

3.8. Anti-osteoporotic action
With the aging of the world's population, osteoporosis has already become a major global health 

problem. Osteoporosis is a progressive systemic disease characterized by low bone mineral density and 
deterioration of bone microarchitecture, which leads to an increased risk of fractures [94]. Long-term use 
of certain drugs (including estrogen, bisphosphonates and parathyroid hormone) to reduce bone loss in 
osteoporosis causes many adverse reactions, in particular an increased risk of endometrial and ovarian 
cancer [74, 217], atypical fractures of the femur [190], osteonecrosis of the jaw [ 168], venous 
thromboembolism [67], disorders of the nervous system [202].

Herbal medicine has been used as an alternative with promising efficacy and fewer unwanted side 
effects to prevent or reverse postmenopausal osteoporosis [218]. Herbal substances potentially have 
fewer side effects and have multiple pharmacotherapeutic effects on bones, making them more suitable 
for long-term or permanent use [148, 177].

A number of LR, for example, Epimedium (mountain woman) [244], Rhizoma drynariae [105] and 
Salvia miltiorrhiza [71], or biologically active substances such as icariin [89], resveratrol [84], show a 
preventive effect on bone loss caused by estrogen deficiency, inflammation, or physical inactivity. Herbal 
substances are economical, have a minimum number of side effects and are aimed at several
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signaling pathways involved in bone metabolism [71, 84, 89, 105, 244].
A growing number of studies confirm that the main cause of bone loss after menopause and age-

related bone loss is oxidative stress [90, 219], suppressing osteoblast differentiation, decreasing 
osteoblast lifespan, and increasing bone resorption by increasing the development and activity of 
osteoclasts [90, 219] 119], which leads to a shift towards the absorption of bone tissue to a greater extent 
than the formation of bone, i. E. to osteoporosis [119, 120].

Today it is considered proven that antioxidants are effective (and therefore necessary) for the 
treatment of osteoporosis [218]: they increase bone formation and / or suppress bone resorption [135, 
183].

In 2015, a study was conducted at the Guangdong Medical University (GMU) to study the anti-osteoporotic effects 
of a. drug on the model of oophorectomy (OVX) in rats, as well as the effect of various fractions isolated from alpinia 
rhizomes on the activity of primary osteoblasts [218]. The choice of the object of research is explained by the fact that 
1) antioxidants have a protective effect on the development of osteoporosis [167] (Section 3.6), 2) the effectiveness of 
flavonoids a. medicinal in relation to osteoblasts and suppression of osteoclast function [123, 206] is similar to the 
extract of Horny Goat Weed [218]. Moreover, about the effectiveness of a. medicinal as an anti-inflammatory agent for 
the treatment of diseases of the musculoskeletal system, including rheumatism, has been known for 2500 years in TCM 
and Ayurvedic medicine [54, 218, 226].

The extract for the study was obtained by boiling the rhizomes of a. drug under reflux in 98% ethanol, 
followed by purification by stripping and TLC (with the isolation of fractions F1–F5containing different 
amounts of flavonoids; galangin content was determined by HPLC method). In researchin vivo 36 female 
rats SpragueDawley aged 4 months (weighing 265 ± 14 g) was divided into 3 groups of 8 individuals: 1) 
OVX, 2) OVX with epimedium flavonoids (horny goat goose) (150 mg / kg / day), 3) OVX with alpinia extract 
(300 mg / kg / day); the remaining animals with imitation oophorectomy were used as a comparison 
group. The substances were administered orally daily, starting on the 3rd day after OVX, for 12 weeks. In 
researchin vitro primary osteoblasts were incubated with purifiedextract, galangin and F fractions1–F5 with 
or without hydrogen peroxide [218].

The control of efficacy and the volume of studies corresponded to the requirements of the "Guidelines for the care and 
use of laboratory animals of the National Committee of Science and Technology of China" (The study protocol was approved 
by the Expert Council on the Use and Care of Animals of the State Medical University (Zhanjiang, China) [218].

It was revealed that the introduction of alpinia extract significantly weakened osteopenia, 
accompanied by a decrease in the perimeter of osteoclasts (in percent) and the rate of bone formation per 
unit of bone surface, increased bone strength and prevented the deterioration of the microarchitecture of 
trabeculae associated with a decrease in the biochemical parameters of oxidative stress. In addition, 
treatment with extract, galangin, and isolated fractions (F3, F4) increased the viability, differentiation and 
mineralization of cells in osteoblasts (with H2O2 or without it) and eliminated the negative impact of H2O2 
on cell apoptosis and the level of intracellular ROS. The effect on osteoblast formation was significantly 
correlated with the amount of flavonoids in the extract [218].

The effectiveness of the extract in terms of increasing the mass of bone tissue was evidenced by the 
results of histological and biochemical studies (for example, in OVX rats, a clear decrease in the level of the 
SOD enzyme was revealed [180]), as well as a significant increase in BMD (bone mineral density), BV / TV 
(relative bone volume) and Tb.Th (trabecular thickness), with a clear decrease (%) in Tb.Sp (trabecular 
separation), Oc.N (number of osteoclasts), Oc.Pm (perimeter osteoclasts) and BFR / BS of the tibia. Three-
point bending tests on the femoral shaft have shown that the extract prevents a decrease in the degree of 
bending in OVX rats and improves the biomechanical properties of the bone. That is, the results of bone 
histomorphometry demonstrated that treatment with alpinia extract can partially prevent osteopenia and 
reduce the manifestations of bone destruction,

In research in vivo [218] also found that H2O2 can provoke an increase in the formation of ROS and 
subsequently lead to a decrease in the viability, differentiation, mineralization and apoptosis of cells, which 
is consistent with previous studies [146, 247]. In experimentin vitro [218] alpinia extract and fraction F3 and 
F4 neutralized the inhibitory effect of H2O2-induced oxidative stress on apoptosis, differentiation, 
mineralization and ROS formation of osteoblasts. These results strongly support the view that AOH can 
trap ROS and subsequently reduce oxidative stress.in vitro and in vivo [218].

Thus, the study performed for the first time revealed the beneficial effect of alpinia extract in 
osteopenia in operated (OVX) rats, as well as five fractions (F1-5) alpinia, containing different amounts of 
flavonoids (including galangin), for differentiation and antioxidant activity in
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osteoblasts in vitro. In particular, it has been reliably shown:
1) treatment with alpinia extract partially prevented bone loss, significantly improved bone 
microarchitecture, bone strength, and oxidative stress status in rats with OVX-induced osteoporosis; 2) the 
extract was more effective than Horny Goat Weed flavonoids in osteopenia associated with a decrease in 
the surface of osteclasts and the rate of bone turnover in OVX rats; 3) extract, fraction F3, F4 and galangin 
neutralized the harmful effects of oxidative stress on osteoblast differentiation (while other fractions did 
not affect the stimulation of osteoblast differentiation) [218]. Although the protective effect in OVX rats 
and osteoblast differentiationin vitrocorrelated with the galangin content in substances, the authors of the 
study obtained evidence that the anti-osteoporotic effects of alpinia are associated not only with 
flavonoids, but also with DAH and terpenoids (essential oil) [218].

Thus, it was found that ethanol extract a. medicinal, like its flavonoid fractions, significantly reduces 
bone loss, including by increasing bone formation and suppressing bone resorption associated with 
antioxidant effects [218]. The results of clinical studies have shown that the extract has a statistically 
significant effect on the reduction of symptoms of osteoarthritis of the knee joint with a good safety 
profile and minimal side effects from the gastrointestinal tract [48]. This allows the extract to be read. a 
promising drug for the prevention and treatment of osteoporosis and indicates the possibility of its safe 
wide clinical use [218].

3.9. Antiulcer activity
As a starting study for the study of antiulcer activity, a group of Chinese pharmacologists accepted the 

work [231], which revealed the effectiveness of oil extraction from the rhizomes of a. medicinal for 
hyperacid gastritis. ICR mice were randomly divided into 7 groups: control, model, Omeprazole group 
(0.014 g / kg-1), Liangfu Group (tablets, 2 g / kg-1), high dosage group a. medicinal, medium dose group a. 
medicinal, low dose group a. medicinal (respectively, 8, 4 or 2 ml / kg-1). After 6 days of treatment, the mice 
were given reserpine. After that, gastric juice was collected from all mice (in each group), its volume, total 
acidity and pepsin activity were measured; in the serum of mice, the content of nitric oxide (NO), the 
activity of superoxide dismutase (SOD) and malondialdehyde (MDA) were determined [231].

It was shown that in the experimental groups of animals (with the exception of the group with a low 
dosage of A. medicinal) the activity of pepsin was inhibited, the volume of gastric juice and total acidity were 
reduced in comparison with the model group. In addition, the NO content increased, the SOD activity increased, 
and the MDA content decreased [231]. Thus, the authors of the study [231] considered proven the effectiveness 
of the oil extract for suppressing acidity, increasing the antioxidant response and activating protective factors in 
the treatment of hyperacid gastritis.

In 2015, Wei et al. showed that the extractA. officinarum exhibits antiulcer effect on the modelrats 
with ethanol-induced gastric injuries [233]; however, the mechanisms of action of the extract A. 
officinarum in the treatment of gastric diseases caused by NSAIDs was still unknown.Therefore, in 2018, 
Gong J. et al. studied the antiulcer activity of ethanol extract of rhizomesA. officinarum in a rat model of 
indomethacin-induced gastric injury. Indomethacin (0.3 g / kg) was orally administered to Sprague-Dawley 
rats to induce gastric damage. After 7 hours, the animals were injected with 0.03, 0.09, or 0.18 g / kg of LR 
extract, galangin (0.2 g / kg) or bismuth-potassium citrate (0.08 g / kg) once a day for 6 days. Control rats 
received an equivalent volume of pure extractant solution for 6 days. The lesion of the stomach was 
assessed by macroscopic ulcer and histological parameters. Cyclooxygenase and proteins of the non-
cyclooxygenase pathway were quantified by Western blotting and ELISA [100].

It has been shown that the extract A. officinarum reduced gastric damage in a dose-dependent 
manner.The best results were demonstrated by a dose of 0.18 g / kg: a decrease in a large ulcer (from 
20.23 ± 1.38 to 1.66 ± 0.37) and histologically (from 4.67 ± 1.03 to 0.33 ± 0, 51), a decrease in the level of 
TNF-α in serum (by 14.17%), an increase in the level of VEGF in the serum (by 1.58 times), an increase in the 
level of cyclooxygenase-1 (by 1.25 times, p <0.001) in the mucous membrane stomach against the 
background of reversal of indomethacin-induced changes in the expression of proteins of the non-
cyclooxygenase pathway (p <0.05). Pure substance of galangin flavonoid, isolated from A. medicinal, was 
less effective as an antiulcer than the extract, indicating the contribution of several components of the 
extract to the protective effect. VS Honmore et al.

Thus, Gong J. et al. (2018) showed that rhizome extractA. officinarum and galangin
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have antiulcer effect through cyclooxygenase and non-cyclooxygenase pathways. This can serve as an 
experimental confirmation of the long-term traditional use of small galangal (Section 1), and subsequently 
galangin for the treatment of gastric injuries [100].

The importance of the results obtained is due to the constant increase in the frequency of gastric 
injuries due to the widespread use of non-steroidal anti-inflammatory drugs (NSAIDs). According to Wolfe 
et al. (1999), mortality associated with gastric ulcer and other gastric damage caused by NSAIDs increases 
by 0.22% annually [240].

The current view is that NSAIDs such as indomethacin cause gastric damage, mainly because they 
block cyclooxygenase (COX) -1 and COX-2 [213]. NSAIDs selective for COX-2 or combination drug therapy 
may reduce these gastric side effects. However, selective inhibition of COX-2 does not eliminate the risk of 
gastroduodenal ulcers and their complications [140]. In addition, this approach is of little use for patients 
with a high sensitivity to NSAID-induced gastric damage [114, 139, 166] against the background of 
comparable (or even worse) toxicity to the kidneys and cardiovascular system [42]. The antiulcer activity of 
galangin is described in detail in Sec. 3.14.1.

Concomitant use of a number of mucosal protective drugs (eg, misoprostol), H2 receptor antagonists 
(eg, ranitidine), or proton pump inhibitors (eg, omeprazole) can reduce damage to the stomach or 
intestines to a limited extent. However, according to experts, further studies are needed to prove their real 
effectiveness from the standpoint of evidence-based medicine [114].

At the same time, based on the results of their own research, the authors of [100] consider it 
reasonable and expedient to include a. medicinal in the group of effective non-steroidal anti-inflammatory 
drugs.

3.10. Antihyperlipidemic activity
Adding rhizomes to the diet (high in fat) completely prevented enlargement of the liver, kidneys and 

spleen of hamsters, as well as an increase in serum TC, TGs, LDL-C and LDL-C / HDL-C. The activity of 
antioxidant enzymes also increased [207]. Ethanol extract of rhizomes reduced body weight gain and 
decreased TC, TGs, LDL-C levels, and leptin in rats fed a high-fat diet. HDL-C and HDL-C / TC ratio in the 
experiment also improved significantly [207].

According to [151], the antihyperlipidemic activity of rhizomes A. officinarum is due to the actiona whole complex of 
biologically active substances: curcumin, polyphenols, phytosterols and dietary fiber.

3.11. Immunotropic action
According to Chinese researchers, drugs and traditional remedies from the rhizome of a. medicinal 

have an immunotropic effect: “new studies have revealed an immunostimulating effect in allergies, 
especially in allergic rhinitis” [47]. However, we could not find reliable experimental or clinical confirmation 
in the available literature.

3.12. Antiviral properties
To date, there are reliable data that make it possible to state the pronounced antiviral properties of a. 

medicinal [62, 75], mainly due to DAH [157, 174].
According to experts, the unique antiviral properties of a. medicinal can be regarded as extremely 

promising in terms of creating modern drugs in connection with the emergence of virulent respiratory 
diseases not only in Asia and the Middle East [193].

3.13. Repellent activity and contact toxicity to insects
Rhizomes A. officinarum exhibit pronounced repellent and contact toxicity againstinsects, in particular 

Lasioderma serricorne - tobacco beetle [161]. This pest is considered worldwide one of the most harmful 
for foodstuffs exposed to storage - flour, dried fruits (especially raisins and dates), cocoa, cereals, herbs, 
spices, nuts, dry pet food, tobacco, etc. [41 ]. In general, direct and indirect losses of grain and grain-based 
products caused by pests in stored products vary from about 10% in temperate latitudes to almost 50% in 
humid tropical regions [238].

When setting up the experiment, the researchers used ethnobotanical data on the traditional 
centuries-old use of a. medicinal, like other aromatic plants, for
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crop protection during storage, or for the so-called antagonistic storage [79, 153, 248], which is of practical 
value, including for home storage.

It has been shown that diethyl extract of rhizomes A. officinarum demonstrates a pronounced dose-
dependentrepellent activity against tobacco beetle, reaching 91.3% at a dose of 0.20 μl / cm2 within 48 
hours after exposure. Contact toxicity against the same pest was also dose-dependent and reached more 
than 80% at a dose of 0.16 μL / cm2 after 48 hours of exposure. LD value50 for extract a. drug was 0.05 μl / 
cm2 with a confidence interval of 95% from 0.02 to 0.08 μl / cm2 after 48 h of exposure [161]. Similar 
activity of supercritical CO2-extract from rhizomes is indicated for the red flour beetle Tribolium 
castaneum (Herbst), which poses a significant threat to stored food [243], as well as essential oil A. 
officinarum against many more pests: Sitophilus zeamais, T. Castaneum, Liposcelis bostrychophila, 
Coptotermes gestroi, Coptotermes curvignathus, etc.
[243].

3.14. The biological activity of individual groups of biologically active substances and individual compounds isolated from a.
medicinal

A number of studies were carried out for individual biologically active substances isolated from alpinia rhizomes, as well as their groups.

3.14.1. Phenols and polyphenols
It is believed that molecules containing phenolic hydroxyl groups act as antioxidants due to their 

ability to donate hydrogen [45, 56, 57, 60, 70, 164, 184] and as prooxidants that contribute to their 
anticancer activity [111, 205].

The extract obtained by hot maceration with 50% ethanol contained significantly more phenol and 
flavonol, and also showed significantly higher antibacterial activity againstBacillus cereus, Staphylococcus 
aureus, Pseudomonas aeruginosa and Escherichia coli versus similarethanol extract obtained by cold 
maceration [215].

The first extract also showed better antioxidant activity compared to the second, inhibiting the free 
DPPH radical with moderate reducing capacity, compared to ascorbic acid as the reference antioxidant. At 
the same time, none of the extracts showed antifungal activity againstAspergillus niger and Candida 
albicans [215].

Interestingly, ethanol extract A. officinarum (95% ethanol, infusion at 70 ° C for 6 hours) also had a 
higher total phenol and flavonoid content compared to aqueous extract, but its antioxidant activity (using 
DPPH analysis) was significantly lower [197].

Flavonoids. The flavonoid fraction obtained by [256] by purifying the ethanol extract of rhizomes a. 
medicinal using macroporous adsorption resins [68], containing 5 flavonoids (comp. No. 1.2., 1.5., 1.6., 
1.9., 5.2. [20]), showed antiproliferative activity through apoptosis of cells caused by the mitochondrial 
pathway [55] ...

Flavonoids galangin, quercetin and kaempferol from rhizomes a. drug named as the main 
polyphenols with antifungal action [207]. The flavonoids quercetin, kaempferol, and galangin also play the 
main role in protection against oxidative stress due to the expression of antioxidant proteins [113].

Quercetin can promote osteoblast differentiation and inhibit osteoclastogenesis bysuppression of 
mRNA gene expression RANKL in osteoblasts and therefore inhibit the functionosteoclasts [206].

Galangin has a pronounced antioxidant effect, neutralizes free radicals [252] and experimentally 
reduces acute lung damage caused by lipopolysaccharides [209], damage to the liver [210] and kidney 
[211] of rats caused by fructose. Moreover, galangin can prevent the destruction of osteoclastic bone and 
inhibit osteoclastogenesis by weakeningRANKLinduced N-terminal kinases c-Jun, p38 and activation of 
nuclear kappaB factor in predecessorsosteoclasts, as well as in mice with collagen-induced arthritis [123].

Flavonol galangin (comp. 1.5 - Fig. 1 [20]) is the dominant compound in all morphological groups of 
raw materials A. officinarum, showing anti-inflammatory, antioxidant andanticancer properties, as well as 
inhibition of the production of NO and enzymes [77, 118, 149, 169, 170, 224, 250, 254, 256].

Quite a lot of studies are devoted to the study of the specific pharmacological activity (anticancer, 
antibacterial, enzyme-inhibiting, etc.) of galangin, as well as the mechanisms of its action [63, 106, 107, 
124, 144, 159, 252, 258]. The following types of action have been established experimentally: anti-cancer 
[63, 88, 107, 159, 252, 258], anti-inflammatory [132, 160], antibacterial [73, 144],
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inhibitory enzymes [106], antiulcer [100, 233], pronounced antioxidant [118, 235, 258]. However, the 
molecular mechanism of its action, which underlies the observed pharmacological effects, is still little 
known [55]. It has only been reported that flavonoids act by suppressing the function of the cytoplasmic 
membrane, such as altering the influx of calcium, which contributes to the destruction of the cell 
membrane [50, 199, 214, 242]. There is also evidence that phenols and, in particular, flavonoids are able to 
penetrate into the hydrophobic layer of the cell membrane, causing disruption of the lipid packing of the 
membrane [50, 86, 138].

When studying the mechanisms of the antiulcer action of galangin [100], we took into account its 
ability to inhibit degranulation of human neutrophils [134], reduce the levels of TNF-α, IL-1β, and IL-6 
mRNA [132, 210], and bind to COX-2, as shown the results of the study of molecular docking [118].

The results of these studies allowed Gong J. et al. (2018) suggest that galangin may be a potent 
antiulcer compound. On the model of indomethacin-induced gastric damage in rats, the researchers 
found that the antiulcer effect really exists not only for extracts (Section 3.9), but also for pure galangin. It 
is realized through cyclooxygenase and noncyclooxygenase pathways [100].

When studying the antitumor effect, it was shown that galangin induces apoptosis in hepatocellular 
carcinoma cells via the mitochondrial pathway of caspase 8 / t-Bid [255].

DAG isolated from A. officinarum [20], are of particular interest for research and development of 
drugs, dietary supplements for food and SPP due to their diverse and significant biological types of action: 
anti-inflammatory [169], antioxidant [137], antibacterial and antifungal [258], antiviral [ 62, 157] and 
hepatoprotective, neuroprotective [157, 241], antitumor [49, 157], inducing apoptosis, S-phase arrest, and 
differentiation in human neuroblastoma cells [223].

According to [55], due to the presence of DAG, the ethanol extract of the rhizomes of a. drug 
possessed in the experiment powerful anti-inflammatory, anticarcinogenic, antinociceptive and 
antipsychiatric activity in the model of carrageenan edema of the paw [145, 245, 249].

For DAG a. the drug has a cytotoxic effectin vitro against several linescancer cells [154]. Individual 
DAGs were isolated from the dried ethanol extract using ethyl acetate. The compound 1,7-diphenylhept-4-
en-3-one (No. 5.8. [20]) showed cytotoxicity against the human glioblastoma T98G cell line with IC50 27 
μmol / L, while the compound alpinin B (No. 5.9. [20]) was inactive against the tested cell lines (cell lines of 
murine glioblastoma melanoma T98G and B16-F10) [155].

Compound alpinin C (No. 5.10. [20]) showed selective cytotoxicity against human breast cancer. MCF-7 
and human glioblastoma T98G cell lines and compound 5-hydroxy-1- (4-hydroxy-3-methoxyphenyl) -7-
phenylhepta-4,6-dien-3-one (# 5.11) showed significant cytotoxicity against hepatoma human HepG2 cells, 
human breast cancer MCF-7, human glioblastoma T98G, and human melanoma cell line B16 – F10 with IC 
values50 8.46, 12.37, 22.68, and 4.44 μmol / L, respectively [154].

Dimeric DAGs (No. 5.9. And 5.10.) Showed only selective or low cytotoxicity, which may be associated 
with the absence of its α, β-unsaturation in its molecular structure [154]. It is important that the α, β-
unsaturated unit is defined aspi-bond between α and β carbon atoms adjacent tocarbonyl (= CO) group 
[212], and is often used as an active component in the development of enzyme inhibitors [130]; therefore, 
Basri AM et al. considers it necessary to continue further biological studies of new dimeric DAG 
compounds [55].

When studying the cytotoxicity of DAH A. officinarum Sun Y. et al (2008) showed that DAH induces 
moderate antiproliferative effects (IC50 = 6-10 μg / ml) on HepG2, MCF-7 and SF-268. In colon cancer, the 
mechanism of action is due to the suppression of the Wnt / β-catenin pathway [43, 222].

In addition to these works, the antitumor activity of DAH A. officinarum is discussed in reviews [55, 193, 
199] and is confirmed by numerous experimental studies [49, 157].

According to [251], 13 DAHs from ethanol extract of rhizomes A. officinarum also possessantibacterial 
activity against Helicobactor pylori. In particular,3 new compounds of DAG-nature [20] have shown a 
particularly strong antibacterial effect
against the Hp-Sydney 1 strain with MIC values   of 9–12 µg / ml, as well as against the Hp-F44 strain - with MIC values   
of 25–30 µg / ml [251].

The antioxidant and neuroprotective properties of DAGs and their adducts are also described in detail in 
Sections 3.6 and 3.7, respectively.

Phenylpropanoids. Basri AM et al. (2017) revealed differences in the antioxidant behavior of 
phenylpropanoid compounds [55] (No. 6.1., 6.2., 7.1. – 7.5. [20]). In particular, their activity may
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influence the number of hydroxyl groups present in the molecule [162].

3.14.2. Terpenes
A team of researchers from the Federal University of Rio de Janeiro (Brazil) [230] and a number of 

other researchers [125] reported on the antimicrobial effect of essential oil from raw materials of various 
species of the genus Alpinia as one of the main types of biological activity caused by terpenoids. For a. 
medicinal, this effect is confirmed in works [55, 158]. The antibacterial effect is explained by the fact that 
extracts of small galangal can penetrate into the bacterial cell, causing rupture of the bacterial membrane, 
which leads to the death of this cell [198].

It has also been reported that terpenes act by suppressing the function of the cytoplasmic membrane, such 
as altering the influx of calcium, which contributes to the destruction of the cell membrane [50, 199, 214, 242].

In 2016, Wen T. et al. singled out from a. medicinal, two new diterpene compounds with antioxidant 
and anti-inflammatory effects, which may be associated with inhibition of reactive oxygen species (ROS): 
(12S) -15-16-epoxy-8 (17), 13 (16), 14-labdatrient-12-ol (No. 11.1. [20]) and (12 E) -labda-8 (17), 12 (13) 
-diene-15,16-olide (No. 11.2. [20]). Extraction was carried out with petroleum ether from ethanol (95%) 
extract of rhizomes [236].

ROS can cause damage to cells and tissues, activate oxidative stress, and cause inflammation [184, 
201, 229]. This leads to a wide range of disorders and diseases, including inflammatory, cardiovascular, 
and neurodegenerative [91, 176, 200]. Therefore, 2 labdan diterpenes were recognized by experts as very 
promising compounds, especially with regard to their antioxidant and anti-inflammatory activity in the 
treatment of socially significant diseases [55].

In the same year from rhizomes A. officinarum, a new labdan-type diterpene (Z) -12,14-labdadiene-15 (16) 
-olide-17th acid (No. 12.1. [20]) and a new natural sesquiterpene cadinan, 4-isopropyl-6-methyl-1-
naphthalenemethanol (No. 12.2. [ twenty]). New compounds were isolated by the authors along with galangin, 
kaempferol, and quercetin [259].

According to experts, a wide range of pharmacological actions suggests that labdan-type diterpenes 
may significantly affect immune system function and inflammatory responses. Many labdan diterpenes 
have antimicrobial, enzymatic, and endocrine properties, and also exhibit a pronounced effect on cancer 
cells, demonstrating antiproliferative and cytotoxic activity [80]. However, in the described study, 
compounds No. 12.1. and 12.2. [20] did not demonstrate significant cytotoxic activity against the HeLa and 
HepG2 cancer cell lines with IC50 > 50 μg / ml-1 [259].

4. Application of Alpinia officinarum in modern world medical and pharmaceutical practiceAccording 
to official data (approved by Commission E), a. medicinal has antispasmodic, anti-inflammatory and 

antibacterial properties; indications for the use of rhizomes are dyspeptic complaints and loss of appetite 
[147]. According to the official medical handbook "PDR for Herbal Medicines", unproven indications for use 
(from traditional medicine) include: Remheld syndrome (pain in the upper abdomen of a complex type), 
sluggish digestion, as well as liver and gallbladder diseases (basic) , fever and colds, cough / bronchitis, 
infection tendency and inflammation in the oral cavity and pharynx (additional); in modern Chinese 
medicine drugs a. the drug is used for pain, especially in the stomach [104, 147].

In many European countries, tincture or powder of rhizomes of medicinal galangal are included in 
gastric and mouth-watering drops and preparations that tone the stomach [39]. Various extracts (alcohol, 
water, teas) of rhizomes a. medicinal is used for loss of appetite, lack of gastric juice, with a lack of 
enzymes in the intestine and with stagnation in the gallbladder, treats impotence [1].

In particular, it is reported that in Western European medicine, small galangal is used in the form of tea: 2 
teaspoons of chopped rhizomes per 1 cup of boiling water, leave for 5 minutes, filter and drink without sugar in 
warm form in small sips 3 times a day half an hour before meals. Tea is recommended for loss of appetite, 
achilia, gallbladder atony [11].

In modern herbal medicine
immunomodulatory, positive gonadotropic, anabolic action) small galangal (synonym for A. medicinal), like 
other representatives of this family. Ginger (ginger, turmeric), are prescribed in combination with different 
ingredients "cold natures", which include the vast majority of patients with multiple sclerosis [3] and 
cancer patients [37].

According to O.D. Barnaulov (2015), galangal is indicated for liver diseases and hemorrhoids. With wine, it 
promotes weight gain, “which is what hypotrophic girls and women with clearly visible collarbones strive for,

(with taking into account information about antitoxic, tonic,
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ribs ". In addition, in combination with adaptogens and tonics, it can be considered as a constitutional 
remedy for asthenics, hypotonic, hypotrophic, often and long-term ill people, patients with problems in 
the reproductive sphere [3].

Generalized ideas about the possibility of using a. medicinal in modern (first decade of the XXI 
century) medico-pharmaceutical practice were presented by D. Duke JA in the Handbook of Medicinal 
Herbs [81], as well as in the CRC handbook of medicinal spices [ 83] (Table 4).

According to later data [207], the rhizomes of a. medicinal refers to aromatic, gastric, stimulant and 
carminative; are used to relieve flatulence, improve digestion and prevent vomiting from indigestible food, 
and help reduce polyuria in diabetes [207]. According to G.Das et al. (2020), small galangal is used in 
herbal medicines for the treatment of hemorrhoids, menstrual irregularities, inflammatory diseases of 
various origins and localization, as well as for discomfort in the abdominal region [75].

Table 4
Indications for use a. medicinal in alphabetical order (according to [81])

No.
p / p

Indications for
application

Evidence-based
base

P / p No. Indications for use Evidence-based
base

1 Adenopathy f; HHB; MAD 25 Fever 2; DAA; GMH;
PHR; PH2

2 Amenorrhea f; MAD 26 Malaria f; EFS
3 Anemia f; MAD 27 Flatulence f; EFS; MAD; PNC
4 Anorexia 2; DAA; KOM;

MAD; PH2
28 Urolithiasis disease f; MAD

5 Bacterial
defeat

1; KOM; PH2 29 Tumors, malignant tumors 1; PNC

6 Pain - pain syndrome f; PH2 thirty Swelling, swelling f; HHB
7 Sore throat f; DEP 31 Polyuria f; DEP
eight Pain in the stomach and abdomen f; DAA; MAD;

PH2
32 Colds 2; PHR; PH2

nine Bronchitis 2; PHR; PH2 33 Pulmonosis - diseases of the 
respiratory system

f; MAD

ten Freckles f; DEP 34 Rheumatism f; MAD
eleven Inflammatory

diseases
2; KOM; PHR;
PH2

35 Remkheld's syndrome is a set of 
symptoms characteristic of a 
malfunction of the 
cardiovascular system and
gastrointestinal tract.

f; PH2

12 Halitosis (unpleasant
smell from the mouth)

f; DEP 36 Syncope - fainting, bouts of 
short-term loss
consciousness caused by 
temporary disturbance
cerebral blood flow

f; DAA; HHB

13 Gastritis f; GMH 37 Stomatitis 2; PHR; PH2
fourteen Hepatosis - non-inflammatory

bodily diseases
liver caused by 
exogenous or inherited
venous factors

2; DAA; PHR;
PH2

38 Convulsions 2; KOM; PH2

15 Dizziness f; HHB 39 Nausea, motion sickness f; DAA; GMH;
MAD

16 Diarrhea f; DAA; MAD 40 Cancer 1; JLH; PNC
17 Dysmenorrhea f; DAA; HHB;

MAD
41 Bladder cancer f; JLH

eighteen Dyspepsia 2; DAA; GMH;
KOM; PH2

42 Penile cancer f; JLH

19 Cholelithiasis f; MAD 43 Vomit f; GMH
twenty Toothache f; DAA; HHB 44 Pharyngitis 2; PHR; PH2
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21 Infections f; PH2 45 Cholera f; DAA
22 Hypochondria f; DAA 46 Cholecystitis 2; MAD; PHR; PH2
23 Qatar f; GMH 47 Enteritis f; DAA; PH2
24 Colic f; PHR 48 Ulcers 1; PNC

Official dosage forms (according to PDR) are: crushed rhizome, powder and other galenic preparations for oral 
administration. The daily dose is 4 g of rhizome. To prepare the infusion, 0.5–1 g of crushed raw materials are poured 
with boiling water and filtered after 10 minutes; take 1 glass 30 minutes before meals [147]. According to [81, 83], the 
crushed rhizome should be brewed in a cup at a dose of 0.5–1 g of rhizomes per 1 cup (from 1 to 4 times a day) [93, 
104] or rhizome powder should be used in a single dose of 0.5 –1.5 g [152], according to other sources - 0.62–1.25 g 
[165]. The tincture should be used in a single dose of 1-2 g [152] or 1.5-2 g several times a day [165], according to other 
sources - in a daily dose of 2-4 g [58].

5. Safety assessment a. medicinal:
potential toxicity, contraindications for use, side effects

5.1. Official safety data
Rhizome and alpinum extract are traditionally considered safe remedies, since they have been used 

for the treatment of various diseases in China for hundreds of years [61, 145, 218]. According to official 
data (approved by Commission E), a. the drug carries no health risks or side effects when the prescribed 
therapeutic doses are used correctly [104, 147], and dangerous or side effects for the appropriate 
therapeutic dosages have not been reported [81, 83].

5.2. Potential toxicity
According to D. Duke (2002, 2003, 2006), the rhizome of a. medicinal and all extracts from it belong to the 1st 

class of toxicity (non-toxic) [81, 83, 172].
A more recent study of the acute and subchronic toxicity of the extract (95% ethanol) of rhizomes a. 

drug was performed by a group of researchers from Saudi Arabia and Egypt before conducting an 
experimental study of the antitumor activity of this extract. The statistical evaluation of the results was 
carried out in full [44].

The experimental study was carried out on Swiss albino mice of both sexes (35–38 g) purchased from 
the vivarium of the Alazahar University (Cairo, Egypt). The animals were kept in polypropylene cages under 
standard environmental conditions [187].

10 g of a previously prepared [44] dried alcoholic extract of rhizomes was dissolved in fresh distilled 
water using the emulsifier Tween 80 according to [85], and then orally administered to rats [44].

Medium lethal dose of alcoholic extract A. officinarum for oral administration (LD50) was determined 
according to [64]. The investigated extract was evaluated at a dose of 4000 mg / kg. However, there were 
no signs of toxicity or death of animals within 24 hours [44]. Therefore, the extract has been classified as a 
safe product for human use [44, 187].

To study subchronic toxicity [44], an alcoholic extract at a dose of 400 mg / kg was used, which was 
administered orally for 35 days, n = 10, and side effects on liver and kidney function were assessed 
according to [85]. Liver enzymes were determined in serum, as well as urea and creatinine as indicators of 
renal function according to [85].

The study of subchronic toxicity also showed the absence of toxicity of the studied extract of rhizomes 
[44]. The administered daily therapeutic dose (400 mg / kg) did not show any changes in liver and kidney 
function markers (Table 5). This means that the plant extract is neither hepatotoxic nor nephrotoxic [204].

5.3. Contraindications
According to some sources, there are no contraindications to the use of small galangal [39]. 

According to other sources, rhizome and preparations from it are not recommended for use in gastric 
ulcer and duodenal ulcer, in peptic esophagitis, ulcerative colitis, colon diverticulosis [1], atonic 
constipation [13]. With regard to use during pregnancy, the data are contradictory: from a complete ban 
[1] to indications of harmlessness [81]. According to Ayurvedic beliefs, it is not recommended for pregnant 
women in large doses [15].

Alcohol tincture of small galangal should not be used during pregnancy, as well as for children and people,
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prone to alcoholism [13].
The drugs can reduce capillary permeability and lead to vasoconstriction, therefore, in high doses, 

they are contraindicated in hypertension and with high prothrombin index [13].
In TCM, the use of drugs from a. drug is contraindicated for pain in the epigastric region caused by an excess of 

Fire in the Liver and Stomach, and vomiting due to Fire in the Liver and Stomach [7, 8].

5.4. Adverse reactions and overdose
A significant overdose of Chinese galangal can provoke severe abdominal pain [13] diarrhea, nausea 

[1] and vomiting [1, 13].

5.5. Precautionary measures,
associated with the lack of domestic regulatory documents for raw materialsDespite the fact 

that the domestic regulatory documents for raw materials a. medicinal is not yet available, the 
experience of long-term safe food and traditional medical use, as well as the results of experimental 
studies allow the use of rhizomes of a. medicinal and their extracts as ingredients of drugs, dietary 
supplements and SPP.

CONCLUSION
Increasing interest in experimental and clinical research a. medicinal on the part of the world 

scientific community is due to a significant amount of accumulated ethnobotanical and 
ethnopharmacological material. Considering the long experience of safe traditional use, as well as the 
almost thorough phytochemical knowledge of a. medicinal and the availability of reliable results of 
preclinical and clinical studies [75], it is advisable to take into account the opinion of the international 
expert community on the high nutraceutical potential and good prospects for widespread use of this plant 
in the world medico-pharmaceutical practice.

CONCLUSIONS
1. The carried out information and analytical research allowed to establish a proven

efficacy and safety of rhizome extracts a. medicinal, which is confirmed by the centuries-old food use and 
the successful use of the plant, both in traditional medicine in different countries, and in modern world 
medical and pharmaceutical practice.

2. Revealed works describing the mechanisms of action of biologically active substances a. medicinal, as well as processes,
causing antitumor and some other established biological effects. No toxic effects were found.

3. Along with high efficiency, some studied BAS exhibit selectivity, which allows
consider them as promising sources for the creation of natural medicines, dietary supplements for food and SPP.

4. The main groups of biologically active substances responsible for a wide range of pharmacotherapeutic actions
rhizomes a. medicinal, phenols (flavonoids, DAGs, phenylpropanoids), terpenes, phytosterols and adducts 
of DAG-terpene nature can be considered.

5. Phenolic fraction obtained using various solvents, as well as individual biologically active substances, including
adducts of DAG and terpenes, exhibit pronounced antiproliferative, antioxidant, anti-inflammatory, 
antiviral, neuroprotective, antiosteoporotic, antiulcer, antihyperlipidemic action.

6. Terpenes (including diterpenes) are mainly responsible for the antimicrobial,
anti-inflammatory, antiproliferative, antiviral action.

7. The results obtained indicate a high nutraceutical potential and good
prospects for the use of small galangal in the world medicopharmaceutical practice as a source of drugs, dietary 
supplements and SPP.
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