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The problem of increasing nonspecific resistance of an organism to un-
toward influences of various origin is of great importance. Some effective
pharmacological preparations are known to increase the resistance of an or-
ganism experiencing severe circulation disorders and deep oxygen hunger,
as in the case of extensive surgical operations. Narcotics, phenothiazine de-
rivatives, ganglionic blocking agents, etc., are used for this purpose. How-
ever, with administration of these substances the increase of resistance
turns out to be incompatible with independent activity of a human orga-
nism, whereas an enhanced resistance is not infrequently important for an
essentially healthy man, as well as for prophylaxis and medication for var-
ious diseases.

The first great success achieved on the pathway to development of me-
dicinal remedies which increase nonspecific resistance was the ascertain-
ing of similar properties in benzimidazol derivatives. N, V. Lazarev and his
collaborators found 2-benzyl-benzimidazol (dibazol) to be effective in medi-
cation for damage to various regions of the nervous system and to increase
nonspecific resistance to adverse influences (1-3). The theoretical basis for
separation of a new group of medicinal substances was laid down by La-
zarev (4, 5), who phrased the concept of “a state of nonspecifically in-
creased resistance” of the organism (SNIR). The medicinal substances
causing SNIR were named “adaptogens”.

This comparatively recent history of the discovery of adaptogenic ac-
tion of dibazol and its analogues had been preceded by attainments of folk
medicine of long standing. Corroborative and tonic plants are among the
most ancient medicinal remedies of folk medicine in different parts of the
world. Even now among some peoples they count for much. We have ana-
lysed 158 complex prescriptions of folk medicine of Southeastern Asian
countries and found that 116 prescriptions included plants of tonic action
(in 31 of them, two plants in each and in 40, from three to seven in each).
In all recipes there were incorporated, in various combinations, 189 medici-
nal plants, tonic action having been ascribed to 46. In the chemical composi-
tion of these plants glycosides were prevalent, alkaloids being identified in

* The survey of literature pertaining to this review was completed in March 1968.
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only 28 per cent of the cases. Medicinal plants of corroborative action were
prevalent in recipes for treatment of hypertension, atherosclerosis, diabetes,
cancer, tuberculosis, anemia and some other diseases.

Panax ginseng C. A. Mey., which has been known more than 4000 years,
occupies a particular place among tonic remedies. Pharmacological investi-
gations have shown that the basic effect in ginseng action is its capacity to
increase nonspecific resistance of the organism to various untoward influ-
ences (6, 7). Further enrichment of the group of adaptogens has involved
utilization of substances of natural origin, rather than chemical synthesis of
new compounds. In addition to ginseng, the following plants of the Arali-
aceae family, viz., Eleutherococcus senticosus Mazx., Aralia manshurica
Rupr. et Max., Aralia cordata Thunb., Aralia schmidtii Pojark., Echino-
panax elatum Nakai, Acantopanax sessilifiorum Rupr. et Max., Kalopanax
septemlobum (Thunb.) Kotdz have been studied (8-18). Two plants belong
to the Compositae family, viz. Raponticum carthamoides (Wild.) Iljin (19,
20) and Carlina biebersteinnii Bernh. (21,22). Special mention is to be made
of Rhodiola rosea L. of the Crassulaceae and Shizandra chinensis (Turcz.)
Bail. of the Shizandraceae family (24-26).

The chemical composition of the above plants has been studied in some
instances, Six individual glycosides that were given a name of panaxosides
were isolated from methanol extracts of the Panax ginseng root. (27, 28).
Panaxosides were divided into two groups (A, B, C and D, E, F), each of
them having the inherent neutral dammaran genin (28). The former group
was less polar and contained glycosides poor in sugars, the latter was more
polar, with glycosides containing more sugars (29). From the latter group
of panaxosides the triterpenoid panaxadiol, was isolated (30); this is a
product of native genin transformation (28, 31, 32). I'rom the first group
of panaxosides hydrolysis products the triterpenoid, panaxatriol, was iso-
lated (28, 33, 34). On the basis of experimental data a structure for the
side chains of panaxosides A, D, E and F was suggested (35, 36).

Six glycosides (eleutherosides) were isolated from the roots of Elex-
therococcus senticosus. Eleutherosides B, D and E were structurally close,
the first being monoglycoside of syringaresinol. Eleutherosides D and E were
the two forms of di-B-p-glycoside of syringaresinol, which differed in con-
figuration, Eleutheroside A was identified as daukosterin. Eleutheroside C
was ethyl-8-p-galactoside. Later, eleutheroside B, was isolated, acid hydrol-
ysis of which released glucose and a genin identified as isofraxidine (7-
oxy-6,8,dimethoxy-coumarin) (37-39).

In the roots of Aralia manshurica two triterpenoid saponins—glycosides
of oleanolic acid called aralosides (40-42) were found.

In the roots of Aralia schmidtii were found glycosides, hydrolysis of
which also resulted in oleanolic acid. One of the glycosides isolated from
this plant was identical with araloside A (43).

Four individual glycosides (acantosides) were isolated from the roots of
Acantopanax sessilifiorum. Acantosides A and C were respectively mono-
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and diglycosides of lignan 2-(4,5-dimethoxy-3-hydroxyphenyl)-6-hydro-
phenyl-3,7-dioxabicylco-(3.3.0)octane. Acantoside B was mono-8-D-glyco-
pyranoside(— )-syringaresinol; acantoside D being di-B-p-glycopyranoside
(—)-syringaresinol. The latter was identified with eleutheroside E from eleu-
therococcus roots (44-47).

From the roots of Kalopanax septemlobum, glycosides called kalopanax-
saponins A (C,;;HggOqz - H,O) and B (C;qHggO,s - H,O) were isolated.
Kalopanax-saponin turned out to be bioside of héderagenin. Kalopanax-
saponin was a pentaoside, that alkaline hemolysis transformed into kalo-
panax-saponin A (48). .

The chemical composition of Raponticum carthamoides has not been
studied yet. In different parts of Carlina biebersteinii, from 0.6 to 3.4 per
cent of flavone glycosides were found (49).

From the roots of Rhodiola rosea a rectified preparation “rhodosin”
was isolated, in which four substances of lactonic character were found
(50).

From the seed of Shizandra chinensis, shizandrin (2’,3",4’,1%,2”,3%-hexa-
methoxy-6,7-dimethyl-1:2,3 :4-dibenzo-cyclooctadien-1,3-0la-6) and gamma-
shizandrin with the same carbon skeleton were isolated (51-53). As is seen
from the above have been considered to the data, glycosides were prevalent
in plants that increase the nonspecific resistance of the organism.

Only those preparations that meet the following requirements may be
included in the group of adaptogens (11): (a) An adaptogen should be in-
nocuous and cause minimal disorders in the physiological functions of an
organism; (b) The action of an adaptogen should be nonspecific, i.e., it
should increase resistance to adverse influences of a wide range of factors
of physical, chemical and biological nature; (c¢) An adaptogen may possess
normalizing action irrespective of the direction of the foregoing pathologic
changes.

In conformity to the above-mentioned requirements Eleutherococcus
senticosus is placed first, followed by Panax ginseng, Raponticum cartham-
oides and Rhodiola rosea. The adaptogenic action of the principal active
substances—glycosides—has been studied thoroughly in regard to the first
two plants. The rest of the plants and their active substances have been
studied considerably less.

The toxicity of these plants which increase the nonspecific resistance of
organisms is very low. For the roots of Panax ginseng, Eleutherococcus sen-
ticosus, Echinopanax elatum, Acantopanax sessilifiorum, Raponticum car-
thamoides and Rhodiola rosea, the LD, is 10 to30 g/kg (6, 8, 13, 18). The
toxicity of Aralia manshurica and A. schmidtii is 10 to 15 times greater (13,
54). According to our findings the LD;, for the sum of panaxosides was
1.4 g/kg, for the sum of eleutherosides 4.75 g/kg, and for the sum of aralo-
sides (55) from Aralic manshurica 0.47 g/kg. The toxicity of shizandrin
is also low, for mice did not die from a dose of 1 g/kg (56).

The excitant action (augmentation of spontaneous motor activity) was
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identified with Aralia manshurica and Echinopanax elatum; almost all the
plants possessed antinarcotic action. Eleutherococcus senticosus, Panax gin-
seng, Raponticum carthamoides and Aralia manshurica showed a slight acti-
vating action on the EEG of intact rabbits and diminished the depressant
action of chloral hydrate, medinal and aminasin. Panax ginseng and Eleu-
therococcus senticosus chiefly intensified the inner inhibitory processes in the
cortex. In the case of administration of glycosides during an acute experi-
ment on an animal a transitory and slight hypotensive effect was observed.
An effect on the vessels was observed only with large doses. Essentially
noteworthy was the fact that with doses which increased the nonspecific re-
sistance of an organism the plants and substances extruded from them did
not cause significant disorders in the normal functions of an organism (6-8,
13, 16-18, 20, 54, 55, 57-61).

Panax ginseng, Eleutherococcus senticosus, Raponticum carthamotides
and Rhodiola rosea contributed to a more sparing use of carbohydrates and
to an enhanced resynthesis of glycogen and high energy phosphorus com-
pounds. This action was found to reveal itself unequivocally under physical
strain (11, 20, 62-64). Numerous data on the increase of body weight (6, 9,
11, 65), on restoration of blood albumin after massive bleeding (9), on
stimulation of immune body production (67-70), testified to a peculiar ana-
bolic action. Its characteristic trait was the fact that it manifested itself only
in the presence of an appropriate background and, contrary to steroid ana-
bolic agents, was not accompanied by virilization.

The overwhelming majority of adaptogenic effects became apparent
only on a specific background, and when the resistance of the organism was
diminished or the organism was taxed with extra demands. One of the most
important indices of the action of adaptogens was their capacity to increase
efficiency both after a single (stimulant action) or prolonged (tonic action)
administration. This was natural, for efficiency is an integral and very sen-
sitive index of the general state of the organism. Data were obtained on the
increase of physical and mental efficiency of man after single or prolonged
administration of the preparations from Panox ginseng (6, 7, 13), Eleu-
therococcus senticosus (8,9, 11, 13), Echinopanax elatum (13), Aralia man-
shurica (13), Acantopanax sessilifforusm (71), Raponticum carthamoides
(57, 58), Carlina biebersteinii (72, 73), Rhodiola rosea (23, 62, 74, 75) and
Shizandra chinensis (56, 76). Stimulant action of preparations from the
above-mentioned plants differed in principle from that of benzedrine-like
compounds. Substances of natural origin differed from the latter in low tox-
icity, and absence of a pronounced excitant action. They did not lead to
disturbances in the normal sleep of man, or in falling asleep.

Active substances isolated from some plants (glycosides) were of a more
pronounced stimulant action than infusions or extracts. This was proved by
experiments with white mice swimming in water (6, 11, 13, 26, 56-58) and
more clearly in a special device, in which mice were made to run up an
endless rope (77). In this method each preparation was tested at three dos-
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age levels, which offered the possibility of finding the amount of the sub-
stance that increased by 33 per cent the work duration up to the onset of
complete fatigue. This amount of the substance was accepted as one “stimu-
lant unit of action” (SUAg,). In comparison with liquid extracts (50 to 70
SUA,,), the panaxosides from the Panax ginseng roots (700 to 6600
SUA,;) and their genins (2000 to 5000 SUA;;), and also various eleuthero-
sides (2000 to 8000 SUA,,) isolated from the Eleutherococcus roots, were of
an incomparably stronger stimulant action (11, 78). This was attributable
to shizandrin (80), flavone glycosides from Carlina biebersteinii (81), and
rhodosin from Rhodiola rosea (75).

A second feature of the action of adaptogens concerned the lack of
specificity of their action as defined by their capacity to increase the orga-
nism’s resistance to various adverse factors of a physical nature (cooling,
overheating, immobilisation, enhanced motor activity, overload on a cen-
trifuge, increased or decreased barometric pressure, and ultraviolet or ion-
izing radiation), of a chemical (various toxic, narcotic, hormonal, and anti-
cancerous), and of a biological nature (foreign sera, bacteria, transplanted
tumours, etc.) Many facts concerning this kind of universal defence action
were obtained for Eleutherococcus senticosus, Panax ginseng, Raponticum
carthamoides, Rhodiola rosea and Carlina biebersteinii (6-12, 14, 19, 20, 23,
65,74).

Data characterizing the universality of the action of some adaptogens
were obtained in experimental therapeutic researches into some pathologic
processes.

Eleutherococcus senticosum and Panax ginseng were found to possess
radioprotective and medicinal action in a single X-ray irradiation of ani-
mals (11, 82). In a prolonged irradiation (total doses of 1620 to 7000 r)
Panax ginseng and Eleutherococcus senticosus doubled the lifetime of rats,
improved the state of blood and other indices. Eleutherococcus senticosus in
combination with antibiotics lengthened the lifetime of irradiated rats (60
days; total dose 3,000 r) threefold (10, 11).

In treatment of alloxan-induced diabetes, Eleutherococcus was found to
impede a loss in body weight of rats, to reduce the concentration of sugar
in urine two- or threefold and to the same extent prolong the lifetime of
animals (83, 84). Experiments with Panax ginseng (83) and Aralia man-
shurica (85) in medication for alloxan-induced diabetes were also positive.

Eleuthercoccus semticosus was tested in experimental oncological re-
searches (86, 87). Its preparations were found to inhibit the urethane-in-
duced lung adenomas in mice (88), tumors of the thyroid gland in rats in-
duced by 6-methylthiouracil (86), and myeloid leukemia in mice induced by
indole (89). Evidence was obtained of a decrease of transplantability of
Ehrlich tumours (90-92), lymphosarcoma LIO-1 in mice (93), and some
other transplanted tumours. A substantial inhibition of the metastasizing
process manifested itself in some cases (86, 87, 94). Data were obtained on
decrease of the formative process of spontaneous tumours of the mammary
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gland (95) and spontaneous leukemia in mice (96, 97). These findings and
also radioprotective and antitoxic action towards anticancer preparations
made the use of Eleutherococcus extract promising in a complex therapy of
cancer carriers. In parallel with Eleutherococcus senticosus the prepara-
tions of Panax ginseng (86, 90, 91) have been studied, but the action of
the latter was found to be weaker and inconstant. Other plants have not
been investigated in this regard.

A third and more important characteristic of an adaptogen was its nor-
malization action which revealed itself irrespective of the direction of the
previous pathologic shifts. Eleutherococcus senmticosus was experimentally
proved to impede hypertrophy (ACTH) and atrophy (cortison) of the
adrenals, hypertrophy (thyreoidin) and atrophy (6-methylthiouracil) of the
thyroid gland, to reduce the sugar level in alimentary (glucose) and adre-
nal hyperglycaemia and to increase it in hypoglycaemia induced by insulin.
The normalization action was obtained in leucocytosis (parenteral adminis-
tration of milk) and leucopenia (endotoxin of dysenteric microbes), in
erythrocytosis (cobaltous nitrate) and erythropenia induced by phenylhydra-
zine (11, 12, 98). Similar data were obtained for Panax ginseng, Raponti-
cum carthamoides, and Rhodiola rosea (19, 20, 23, 74, 98).

Accumulation of facts on the universality of the action of Eleuthero-
coccus senticosus and some other plants urgently demanded elucidation of
the mechanism of adaptogenic effect. Firstly, the action of adaptogens in
stress, a general araptogenic reaction normally appearing under the most
diverse influences on the organism (99), has been studied. Immobilization
and increased muscle loads (swimming of rats) of different duration; in-
toxication (epinephrine, sodium salicylate, ACTH), unilateral adrenalec-
tomy, etc., were used as stressors (11, 12, 92, 100, 101). It was established
that Eleutherococcus preparations altered anatomic and biochemical mani-
festations, characteristic of the alarm stage of stress: a reduction of activa-
tion of the adrenal cortex, also thymicolymphatic involution and a number
of bleeding ulcerations in the stomach. Antialarm action was natural to
Panax ginseng also (100, 102-104). Direct data on a similar action for
other plants that increase nonspecific resistance have not been obtained.

The antialarm action was established for the representatives of both
groups of glycosides of ginseng roots—panaxosides C and F (79), and
genin derivatives, of closely related structure. It manifested itself in reduc-
tion of hypotrophy of the adrenals and their loss of cholesterol and ascor-
bic acid. Excretion of 17-ketosteroids in urine, highly increased in stress,
now diminished. A smaller involution of the organs of the thymicolymphatic
system and abatement of many catabolic shifts in the organism were ob-
served. Glycosides of Eleutherococcus root of varying structure revealed
the antialarm action. It was mostly expressed in eleutheroside E, weakly in
eleutheroside B; and was completely absent in eleutheroside C (79). Thus,
the antialarm action was associated with certain chemical structures.
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It might have been assumed that the antialarm action of adaptogens,
along with all other manifestations of stress, would lessen its positive in-
fluence on resistance of the organism. However, in stress, adaptogens may
increase nonspecific resistance rather than lessen it. For example, in one
experiment (11, 12) two groups of rats were made to swim in water. A
dose of 0.2 ml/g of Eleutherococcus extract was injected intraperitoneally
into each of half the rats of each group. After five hours half of the rats
of each group were killed. In comparison with the adrenals of rats that
were not made to swim (16.5 =0.75 mg/100 g) a five-hour swimming
caused a marked hypertrophy of the adrenals in the controls (19.6 =+ 1.14
mg/100 g) which was almost completely prevented by Eleutherococcus
extract (168 = 062 mg/100 g). The content of ascorbic acid in the adre-
nals in control animals was 396 mg per cent, and after swimming was re-
duced to 257 & 31 mg per cent. After administration of extract, it was 338
== 13.5 mg per cent. All this testified to a clear antialarm action of Eleuthero-
coccus extract. At the same time Eleutherococcus increased the resistance
of the rats, for, in comparison with controls, they were able to swim 52
min. longer (9.2 per cent) until complete fatigue (death).

The analysis of all the data leads us to the conclusion that SNIR ap-
pearing under the influence of adaptogens was not realized through a gen-
eral adaptation reaction and was not identical with an enhancement of non-
specific resistance in the alarm stage of stress. SNIR in contrast to the
alarm stage of stress was always beneficial to the organism, might last com-
paratively long, and was not accompanied by pathologic changes. The func-
tion of the adrenal cortex at SNIR did not alter (11, 12, 100).

The protective effect of Eleutherococcus and some other adaptogens in
stress made their universality comprehensible to a certain extent but did not
elucidate the mechanism of their action. The study of intimate mechanisms
of adaptogenic action of a number of substances is the subject of further
investigations. In addition, it is necessary to take into account the following
circumstances: (2) A number of effects of adaptogens of plant origin are
observed on the cell. Extracts from the roots of Panax ginseng and Eleu-
therococcus senticosus stimulate the growth and multiplication of some pro-
tozoa, bacteria (105, 106) and yeast cells (106, 107). Extracts from Eleu-
therococcus semticosus, Echinopanax elatum and Aralia manshurica exert
protective action in the case of irradiation of diploid yeast Saccharomyces
vini (108). Eleutherococcus and ginseng extracts and all the panaxosides iso-
lated from the latter revealed a marked protective effect when erythrocytes
were affected by artificial radiomimetic substances (oxidized oleic acid)
(109). (b) Active substances of Eleutherococcus senticosus, Panax ginseng
and Aralia manshurica were shown to possess antiradical and antioxidant
action (108, 110). It must be noted that the prophylactic and medicinal ef-
fects were obtained in pathologic states (stress, irradiation, cancer) in
which disturbances through the action of free radicals played a significant
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role (111-113). (c¢) The above-mentioned anabolic action of a number of
adaptogens, particularly their stimulation of the production of immune bod-
ies and other effects make one assume that the processes of biosynthesis of
protein and nucleic acid played a significant part in the mechanism of their
action from the standpoint of the concept of plastic provision of functions
(114). It was these processes that turned out to be most significant in the
mechanism of adaptogenic action of dibazol (115).

Thus, the influence on the processes occurring at the cellular level, the
antioxidant action of a number of adaptogens, and their influence on the
processes of biosynthesis of protein and nucleic acids, offer the possibility
of attaining a fuller comprehension of the mechanisms of adaptogenic ac-
tion. The fact that the mechanism of action has not been thoroughly studied
is not an obstacle to separation of a new group of pharmacological sub-
stances that increase the nonspecific resistance of an organism.

BREKHMAN & DARDYMOV
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