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Adaptogens

A Historical Overview and Perspective

Alexander G. Panossian, Ph.D.

he history of the herbal sub-
stances known as adaptogens
appears to begin with Order
No 4654-p of the People’s
Commissars Council of the
Union of Soviet Socialist
Republics, dated March 4, 1943 and
concerning research work “with the
purpose of finding...tonic substances”
for both soldiers and persons working
in the Russian defense industry during
the Second World War.! Both the term
“adaptogens” and the concept of these
herbal substances as compounds that
would increase “the state of non-spe-
cific resistance” under conditions of
stress were formalized in Russia
between 1950 and 1960.%°
As originally defined,* an adaptogen
was a substance that had to: (1) show
some nonspecific effect, such as increas-
ing bodily resistance to physically, chem-
ically, or biologically noxious agents or
factors; (2) have a normalizing influence
on a pathologic state, independent of the
nature of that state; and (3) be innocu-
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ous and not disturb body function at a
normal level.*

Thus defined, adaptogens constitute a
new class of metabolic regulators that
increase the ability to adapt to and avoid
damage by environmental factors. Since
1997, the term “adaptogen” has been
used as a functional term by Russian
health-regulatory authorities, and in
1998 this term was allowed as a func-
tional claim for certain products by the
U.S. Food and Drug Administration. Too
often, however, the term “adaptogen” is
carelessly used, without sufficient exper-
imental evidence to support the crite-
ria for the formal definition of such a
substance.

To date, few of the substances called
adaptogens comply fully with the formal
definition. Empirically, some plants used
in traditional medicine, such as Eleuthe-
rococcus senticosus, Rhodiola rosea,
Schisandra chinensis, and Bryonia alba*
12 appear to meet the criteria of being
adaptogens on the basis of the ability to
increase nonspecific resistance to stress.
Table 1 (page 3) lists the plants most
often described as adaptogens.

Despite major differences between
various effects of adaptogens and CNS-
active drugs (Table 2),'* some manuals
and handbooks—even in Russia, where
adaptogens have been recognized as a
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Among the plants used in traditional medicine,
Schisandra chinensis, whose berries are shown
here, meets the criteria for being an adaptogen.

distinct group of substances—continue
to classify them as a group of CNS stim-
ulants or other drugs.!

Recent History of Adaptogens

From 1960 to 1970, after a large num-
ber of pharmacologic and clinical stud-
ies, three plant species—E. senticosus, R.
rosea, S. chinensis, and later, in 1993, B.
alba—were incorporated into official
medical practice in the Union of Soviet
Socialist Republics, and were industrial-
ly produced as standardized extracts in
tablet and liquid forms as adaptogens
having stimulating, restorative, and anti-



NATURAL PHARMACY ® JuLY/AuGusT 2003

stress effects. Because these botanical
products were also found to be unusual-
ly safe, they continue to be used today in
Russia in both self-care and physician-
prescribed medical regimens.

In self-care, E. senticosus, R. rosea, S.
chinensis,and B. alba are used by healthy
persons as stimulants or tonics in states
of fatigue and stress. They are also used
in sports medicine for preventing and
treating injuries and other somatic con-
ditions. Another use of these four herbs
is in occupational medicine, such as for
protection against adverse environmen-
tal factors, including exposure to low
temperature in polar regions and to high
noise levels and mechanical vibration in
heavy industrial work; in mining; and in
medicine for treating acute hepatic poi-
soning, ischemia from oxygen depriva-
tion, and for acceleratinge recovery after
surgery.

Adaptogens are used as curative agents
in treating some neurologic and psychi-
atric disorders, such as asthenia, neuro-
sis, depression, and alcoholism, and in a
number of other conditions, as well as
being prescribed as adjuvants to other
medicines in diseases such as tubercu-
losis and in conventional cancer thera-
py-

The concept of “one drug for one dis-
ease” does not apply in the use of adap-
togens in actual practice. Indeed, not only
does evidence suggest that adaptogens
display their greatest efficacy in the form
of extracts containing a combination of
several active substances from a single
plant species, but in Sweden and Den-
mark the concept of combining different
adaptogenic substances has led to the
development and use of a fixed-ratio
combination of standardized extracts
of plants such as ADAPT-232.

Reliability of Studies of Adaptogens

A substantial number and range of
uncontrolled as well as placebo con-
trolled, randomized, double-blind
clinical studies'>?° have consistently
reported standardized extracts of E. sen-
ticosus, R. rosea, and S. chinensis as effi-

cient agents for increasing mental and
physical work capacity in situations of
fatigue and stress.

In the case of Panax ginseng root
extract, which is fairly popular in the
United States, it should be mentioned
that a search of Medline, Biosis, the
Cochrane Library database, and several
other computerized literature databases
revealed!® 16 studies that met the crite-
ria of being double-blind, randomized,
and placebo-controlled studies of this
agent. However, none of these trials
demonstrated a convincingly significant
effect of P. ginsengroot extract on
physical performance, psychomotor per-
formance, cognitive function, immune
function, or other specific functions,?!
thereby pointing to a general need for
more rigorous study of the efficacy and
safety of ginseng.??

Constituents of Adaptogenic
Extracts

In terms of active ingredients, adapto-
genic preparations can be divided into
the three groups of: (1) those that con-
tain phenolic compounds such as
phenylpropanoids, phenylethane deriv-
atives, and lignans,?*-*” whose structural
resemblance to catecholamines could
suggest an effect on the sympathoadrenal
system and possibly imply an effect in the
early stages of the stress response; (2)
those that contain tetracyclic triter-
penes,?® such as cucurbitacin R diglu-
coside,'*% which structurally resemble
the specific corticosteroids that inacti-
vate the stress system to protect against
overreaction to stressors®!-*%; and (3)
oxylipins—unsaturated trihydroxy or
epoxy fatty acids structurally similar to
leukotrienes and lipoxines.3¢-38

The first group of adaptogenic extracts
named above would include the roots and
rhizome of E. senticosus and R. rosea, as
well as extracts of S. chinensis fruits.
The second group of adaptogenic sub-
stances are contained in extracts of B.
alba and W. somnifera. The third group
of adaptogenic compounds have been
found in B. alba and G. glabra.

Physiologic Basis
for the Action of Adaptogens

There is extensive evidence that sin-
gle-dose administration of adaptogens
activates corticosteroid formation, and
that repeated dosage with adaptogens
normalizes the levels of stress hormones,
such as adrenocorticotropic hormone
(ACTH).730:3539-41 Tt is known that the
blood level of corticosteroids increases
as a result of long-term training or adap-
tation, and that a trained organism
responds to stress stimuli with only
mildly increased activity of the hypo-
thalamic-pituitary axis (HPA), as
opposed to a very pronounced increase
in activity seen in untrained states.*?> An
example of this may be seen in a recent
study in which athletes exposed to stress
in the form of acute physical exercise
exhibited increased formation of corti-
sol and NO in their blood and saliva.*’
Chronic physical exercise, such as that of
well-trained athletes, increases the basal
level of these stress-mediating substances
in blood and saliva. But while well-
trained athletes no longer respond to an
acute physical load with an increase in
cortisol or NO, Schisandra and Bryonia
activate the formation of both NO and
cortisol in these athletes’ plasma and sali-
va, suggesting that these plants provide
adaptation to further heavy physical
loading.

In other words, adaptogens appar-
ently increase the ability of the stress
system to respond to stress stimuli in a
manner that tends to preserve home-
ostasis, particularly by modulating the
biosynthesis of eicosanoids—including
prostaglandins E2 and F2, 5-hydrox-
yeicosatetraenoic acid (5-HETE), 12-
HETE, and leukotriene B4. Moreover,
adaptogens also appear to regulate the
basal level of the arachidonic acid that is
these substances’ precursor, and to also
do this under various stressful conditions,
such as immobilization, heavy physical
exercise, and radiation injury.#4->°

Although there is a difference in the
mode of action and pharmacologic



NATURAL PHARMACY ® JuLy/AucusT 2003

activity of different adaptogens,®">? it is

difficult to relate these in a satisfactory
way to the differences in adaptogens’
various effects. However, the mecha-
nisms of action of adaptogens®® are
mainly related to effects on the neu-
roendocrine-immunologic axis that
constitutes the stress system.*3+>3-56 The
primary site of action of adaptogens
appears to be the HPA, and their sec-

ondary sites of action the liver and com-
ponents of the immune and cardiovas-
cular systems.

The effects of adaptogens become
somewhat more clear when it is recalled
that stress is a defensive response to
external factors, and that it stimulates
the formation of endogenous “mes-
senger” substances such as cate-
cholamines, prostaglandins, cytokines,

NO, and platelet-activating factor, which
in turn activate other factors that may
either counteract stress or, conversely,
induce or facilitate disease. According
to this concept,’®*? the “stress-execut-
ing” or “switch-on” mechanism activates
the sympathoadrenal system (SAS) and
over the longer term also activates the
HPA, together with various regulators
of cell and organ function.

Table 1. Plants Described in the Literature as Adaptogens

Plant Family Author(s)/ year
Acanthopanax sessiliflorum Rupr. et Maxim. Araliaceae Brekhman and Dardimov, 1969
Albizzia julibrissin Durazz. Fabaceae Kinjo et al., 1991
Aralia elata (Miq) Seem. Araliaceae Hernandez et al., 1988
Aralia manshurica Rupr. et Maxim Araliaceae Baranov, 1982
Aralia schmidtii Araliaceae Baranov, 1982
Asparagus racemosus Liliaceae Rege et al., 1999
Atragene sibirica L. Ranunculaceae Shilova et al., 2001
Azadirachta indica (Al, Neem) Melaceae Koner et al., 1997
Bergenia crassifolia (Fritsch) Saxifragaceae Suslov et al., 2002
Bryonia alba L. * Cucurbitaceae Panossian et al., 199
Cicer arietinum L. Fabiaceae Singh et al., 1983

Codonopsis pilosula (Franch.)Nannf.

Campanulaceae

Lin, 1991

Cordyceps sinisis (Berk.)

Pyrenomycetales

Echinopanax elatum Nakai

Araliaceae

Baranov, 1982

Eleutherococcus senticosus Maxim.*

Araliaceae

Brekhman and Dardimov, 1969

Emblica officinalis (Phyllanthus emblica L.)

Euphorbiaceae

Xia et al., 1997; Rege et al., 1999

Eucommia ulmoides Oliver

Eucommiaceae

Oshima et al., 1988

Hoppea dichoroma Willd.

Gentianaceae

Ghosal et al., 1985

Ocimum sanctum L. Lamiaceae Bhargava and Singh, 1981
Panax ginseng C.A. Meyer Araliaceae Brekhman and Dardimov, 1969
Pfaffia paniculata (Marius)Kuntze Amarantaceae De Oliveira, 1986
Rhaponticum carthamoides (Willd).1ljin Asteraceae Brekhman and Dardimov, 1969

Rhodiola crenulaya (Hook, f. et Thoms) H.Ohba

Crassulaceae

Wang and Wang, 1992

Rhodiola rosea L.*

Crassulaceae

Saratikov et al., 1968

Scutellaria baicalensis (Georgi).

Lamiaceae

Suslov et al., 2002

Schisandra chinensis (Turcz.) Bail.*

Magnoliaceae

Brekhman, 1980

Sterculia plantanifolia L.

Streculiaceae

Brekhman, 1980

Terminalia chebula

Combretaceae

Rege et al., 1999

Tinospora cordiflora Miers

Menispermaceae

Parel et al., 1978; Rege et al., 1999

Trichopus zeylanicus Gaerten.

Trichopodaceae

Singh et al., 2001

Withania somnifera L.

Solanaceae

Singh et al., 1982

*Well-established adaptogen.
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Table 2. Differences Between Stimulants and Adaptogens
Stimulants Adaptogens

1. Recovery after exhaustive physical loading Low High

2. Energy depletion Yes No

3. Performance under stress Decrease Increase

4. Survival under stress Decrease Increase

5. Quality of arousal Poor Good

6. Insomnia Yes No

7. Side effects Yes No

8. DNA/RNA and protein synthesis Decrease Increase

Counteracting this is the “switch-off”
system, which protects cells and organ
systems, and thus the entire organism,
from damaging overreaction. This
switch-off system includes antioxidant
enzymes such as catalase, glutathione
peroxidase, and superoxide dismutase;
interleukins that downregulate various
aspects of the immune response; certain
corticosteroids and eicosanoids such
as prostaglandin E2; and anti-inflam-
matory mediators.

Excessive activity of the stress system
is associated with increased arousal or
anxiety, increased blood pressure, gas-
trointestinal dysfunction, and sup-
pression of the immune response.?3+%3
For example, both the SAS and the HPA
appear to be chronically activated in
melancholic depression, which is char-
acterized both by excitation in the form
of anxiety and by a suppression of
food intake and sexual activity, leading
to anorexia and loss of libido. Chronic
activation of the HPA has also been
observed in such other conditions as
anorexia nervosa, panic disorder, obses-
sive-compulsive disorder, chronic active
alcoholism, alcohol and narcotic with-
drawal, excessive exercise, and malnu-
trition. Conversely, a chronic decrease
in the activity of the stress system has
been linked to states of suboptimal
physical and mental function, such as
seasonal depression, the postpartum
period, and chronic fatigue/fibromyal-
gia syndromes.?**

Under the conditions of stress that
exist in normal homeostasis, the activ-
ities of the stress switch-on and switch-
off systems are in dynamic balance.
According to this concept, adaptogens
can be defined as agents that reduce the

reactivity of the host-defense system to
various stressors by helping to restore
normal homeostasis.*

Pharmacologic Assessment of
Adaptogens

Tests involving exposure to cold, heat,
altered atmospheric pressure and oxy-
gen content, radiation, toxic substances,
starvation, fear, and chronic diseases
have shown that the most important
feature of adaptogens is an ability to
increase resistance to both physical and
emotional stress. This same property has
been suggested by specific biochemical
tests, such as of the NO content of
blood, saliva, and exhaled air; of blood
levels of cortisol, ACTH, and other hor-
mones and other substances; and of
such cell functions as phagocytosis and
cytokine production both in vivoand in
vitro. It has also been shown that NO
donors increase and NO-synthesis
inhibitors reduce the duration of swim-
ming of rats carrying a load, reduce
the survival of rats and their longevity
under hypoxia, and increase immobi-
lization-induced stomach ulcers in
rats.”’

Conclusions and Perspectives of
Implementation

The results and findings described
above indicate strongly that adaptogens
have both specific therapeutic effects in
some stress-related diseases and are use-
ful in potentially disease-inducing cir-
cumstances. A more definitive demon-
stration of these qualities awaits further
well-controlled clinical trials.

Comparing the concept of “quality of
life” with the concept of “adaptogens,”
it could be suggested that this group

of botanicals might be useful in
improving quality of life>® in many cat-
egories of patients and healthy subjects.
Adaptogens are also likely to have a
direct impact on many facets of physi-
cal health and psychological health.
However, there is so far no clinical evi-
dence for this in terms of quality-of-life
and related questionnaire data. The
results of such studies will allow the
development of evidence-based indi-
cations for adaptogens as remedies for
improving quality of life. NP

References

1. Lebedev AA. Schizandrine—A new stimulant from Schisan-
dra chinensis fruits. Summary of Thesis for a Candidate’s
Degree in Medicine. Tashkent: Tashkent State Medical Uni-
versity, 1967, pp. 1-21.

2. Lazarev NV. Experimental data for the evaluation of the
Far East Schisandra as a stimulant. Transactions of the Sci-
entific and Medical Board of the Administration of the
Medical-Sanitary Department of the USSR Navy. Leningrad,
Vol. 5, Issue No. 1, No. 17, 62-69, 1946.

3. Lazarev NV.Actual problems in studies of the action of
adaptogens, particularly preparations of Eleutherococcus.
Symposium on Ginseng and Eleutherococcus. In: Twenti-
eth Meeting on Investigations of Ginseng and Other Med-
icinal Plants of the Far East. Vladivostok: Dalne Vos-
tochnoiy Filial Sibirskogo Otdeleniya Academii Nauk SSSR,
1962, pp 7-14.

4. Brekhman II. Eleutherococcus. Leningrad: Nauka, 1968.
pp.1-168 (In Russian).

5. Brekhman II. Ginseng. Leningrad, Nauka, 1957. pp. 1-287.
(In Russian)

6. Brekhman Il, Dardymov IV. New substances of plant ori-
gin which increase nonspecific resistance. Annu Rev Phar-
macol 8:419-430, 1968.

7. Dardimov IV. Ginseng, Eleutherococcus. On the Mecha-
nism of Biological Activity. Moscow: Nauka, 1976. pp.184

8. Saratikov AS. Golden Root (Rhodiola rosea). Tomsk: Tomsk
University Press, 1973. pp. 1-124

9. Lebedev AA. Schisandra. Tashkent: “Meditsina” Publish-
ing House of the Uzbekistani SSR, 1971, pp.1-98.

10. Lupandin AV, Lapaev Il. Schisandra. Khabarovsk:
Khabarovskoje Knizhnoye Izdatelstvo, 1981, pp. 1-89.

11. Panossian A, Gabrielian E, Wagner H. Plant adaptogens II:
Bryonia as an adaptogen. Phytomedicine 4(1):83-97, 1997.

12. Farnsworth N, Kinghorn AD, Soejarto DD, Waller DP. Siber-
ian Ginseng (Eleutherococcus senticosus): Current status
as an adaptogen. In: Wagner H, Hikino H, Farnsworth NR
(eds.): Economic and Medicinal Plant Research, Vol. 1.
London: Academic Press, 1985, pp. 156-209.

13. Fulder S. The drug that builds Russians. New Scientist
21:83-84, 1980.



NATURAL PHARMACY ® JuLy/AucusT 2003

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Mashkovskiy MD. Extractum Eleutherococci fluidum. In:
Lekarstvennie Sredstva (Drug index) Manual for Doc-
tors, Vol 1. Moscow: Novaya Volna, 2000, pp. 133-136.

Darbinyan V, Kteyan A, Panossian A, et al. Rhodiola rosea
in stress-induced fatigue—A double blind crossover study
of a standardized extract SHR-5 with a repeated low-dose
regimen on the mental performance of healthy physicians
during night duty. Phytomedicine 7(5):365-371, 2000.

Spasov AA, Wikman GK, Mandrikov VB, et al. A double-
blind, placebo-controlled pilot study of the stimulating
and adaptogenic effect of Rhodiola rosea SHR-5 extract
on the fatigue of students caused by stress during an
examination period with a repeated low-dose regimen.
Phytomedicine 7(2):85-89, 2000.

Shevtsov VA, Zholus B, Shervarly VI, et al. A randomized
trial of two different doses of SHR-5 Rhodiola rosea extract
versus placebo and control of capacity for mental work.
Phytomedicine 10:95-105, 2003.

Roslyakova NA, Bogatova RI, Vezirishvili MO, Wikman
G.The effect of a single dose of Rodelim phytoadaptogen
on the performance of operators under intensive activity
In: Abstract Book. Scientific-Practicum Conference on Bio-
logically Active Food Supplements and Natural Medicines
in the Prophylaxis, Treatment and Rehabilitation. Moscow,
2000, January 27-28, pp.157-160.

Spasov AA, Mandrikov VB, Mironova IA. Effect of Rho-
daxon preparation on the psychophysiological and
physical adaptations of students to learning load. Exp
Clin Pharmacol 63 (1), 76-78, 2000.

Facchinetti F, Neri |, Tarbusi M. Eleutherococcus sentico-
sus reduces cardiovascular stress responce in healthy sub-
jects: Randomized, placebo-controlled trial. Stress Health
18:11-17, 2002.

Engels H-J, Wirth JC. No ergogenic effect of ginseng (Panax
ginseng C.A. Mayer) during graded maximal aerobic exer-
cise. J Am Dietet Assoc 97(10):1110-1115, 1997.

Vogler BK.; Pittler MH, Ernst E. The efficacy of ginseng. A
systematic review of randomised clinical trials. Eur J Clin
Pharmacol 55(8):567-575, 1999.

Kochetkov NK, Khorlin AY, Chizhov 0S, Sheichenko VI.
Chemical investigation of Schisandra chinensis. Com-
munication 2. Structure of Schizandrin. /zvestiyia
Akademii Nauk SSSR, Seriya Khimicheskaya, No. 5, pp.
850-856, 1962.

Kurkin VA, Zapesochnaya GG. The chemical composition
and pharmacological properties of plants of the genus
Rhodiola. Khim Farmakol Z 20 (10):1231-1244, 1986.

Norr H. Phytochemical and pharmacological Investiga-
tions of the Adaptogens: Eleutherococcus senticosus, Oci-
mum sanctum, Codonopsis pilosula, Rhodiola rosea,and
Rhodiola crenulata. Ph.D. Dissertation, Faculty of Chem-
istry and Pharmacy, Ludwig-Maximillians University,
Munich, Germany, 1993.

Wagner H, Norr H, Winterhoff H. Plant adaptogens. Phy-
tomedicine 1: 63-76, 1994.

Wagner H. Immunostimulants and adaptogens from
plants. In: Amason JT, et al. (eds.): Phytochemistry of Med-
icinal Plants. New York: Plenum Press, 1995, pp. 1-18.
Elyakov GB; Ovodov YS. The glycosides of Araliaceae.
Khimia Prirodnich Soedineniy Issue No. 6: 697-709,
1972

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

Ghosal S, Lal J, Srivatava, R, et al. Anti-stress activity of
sitoindosides IX and X, New C-27-glycowithanolides from
Withania somnifera. Phytother Res 3(5):201-209, 1989.

Panossian A., Gabrielian E., Wagner H.. On the mechanism
of action of plant adaptogens with particular references
on cucuirbitacin R diglucoside. Phytomedicine 6(3):147-
155, 1999.

Munck A, Guyre PM, Holbrook NJ. Physiological functions
of glucocorticoids in stress and their relation to pharma-
cological actions. Endocrine Rev 5:25-44, 1984.

Fink G (ed.): Encyclopedia of Stress, Vols.1-3. New York:
Academic Press, 2000.

Chrousos GP, Gold PW. The concept of stress system dis-
orders: Overview of behavioral and physical homeostasis.
JAMA 267:1244-1252, 1992.

Stratakis CA, Chrousos GF: Neuroendocrinology and
pathophysiology of the stress system. In: Chrousos NP,
McCarty R, Pacak K, et al (eds): Stress. Basic Mecha-
nisms and Clinical Implications. Ann NY Acad Sci 771:1-
18, 1995.

Panossian A, Wikman G, Wagner H. Plant adaptogens III:
Earlier and more recent aspects and concepts on their
modes of action. Phytomedicine 6(4):287-300, 1999.

Panossian AG, Pashinian SA, Gasparian GV, et al. Cucur-
bitacine glucosides and trihydroxyoctadecadienoic acids—
New tonic compounds fromBryonia alba L. roots. In: New
Data About Eleutherococcus and Other Adaptogens. Vladi-
vostok: Dalne Vostochniy Filial Sibirskogo Onteleniya Acad-
emii Nauk SSSR, 1981, pp. 149-154.

Panossian AG, Avetissian GM, Mnatsakanian VA, et al.
Unsaturated polyhydroxy fatty acids having prostaglandin-
like activity from Bryonia alba L. Major components. Plan-
ta Med 47:17-25, 1983.

Panossian AG, Shirinian EA, Barikian ML, Avakian OM.
9,12,13-Trihydroxy-(10E)-octadecenoic and 9,12,13-tri-
hydroxy-10,11-epoxy-octadecanoic acids—New anti-
stress compounds from licorice. Isvestiya Academii Nauk
USSR. Issue No. 6: 932-935, 1988.

Panossian AG, Dadayan MA, Gabrielian ES. Cucurbitacin
R glucoside as a regulator of steroidogenesis and pro-
duction of prostaglandin E2—A specific modulator of the
hypothalamic-pituitry-adrenal cortex system. Bul Exp Biol
Med 53:456-457, 1987.

Filaretov AA, Bogdanova TS, Mitiushov MI, et al. Effect of

adaptogens on the activity of the pituitary-adrenocorti-
cal system in rats. Biull Eksp Biol Med 101(5):573-574,
1986.

Hiai S, Yokoyama H, Oura H, Yano S. Stimulation of pitu-
itary-adrenocortical system by ginseng saponin. Endocrinol
Jpn 26(6):737-740, 1979.

Viru AA. Hormonal Mechanisms of Adaptation and Train-
ing. Leningrad: Nauka, 1981, pp. 1-154.

Panossian A, Oganessian A, Ambartsumian M, et al. Effects
of heavy physical exercise and adaptogens on nitric oxide
content in human saliva. Phytomediicine 6(1): 17-26, 1999.

Panossian AG, Pashinian SA. Effect of tonic compounds
from Bryonia alba L. roots on arachidonic acid content in
adrenals and thimus of mice at the physical fatigue. In:
New Data about Eleutherococcus and Other Adaptogens.
Vladivostok: Dalne Vostochniy Filial Sibirskogo Onteleniya
Academii Nauk SSSR,1981, pp.143-148.

45,

46.

47.

48.

49.

50.

51.

52

53.

54.

55.

56.

57.

58.

Panossian AG, Dadayan MA, Karaguezian KG, Gevorkyan
GA. Content of prostaglandins E, , F, and 5-hydroxye-
icosatetraenoic acid in blood of immobilized rats and effect
of dihydrocucurbitacin D diglucoside. Voprosi Med
Chem lssue No 6: 98-99, 1985

Panossian AG. Influence of cucurbitacins of Bryonia alba
on the biosynthesis of eicosanoids in human leukocytes.
Bioorganic Chem Issue No. 11: 264-269, 1985.

Panossian AG, Dadayan MA, Gabrielian ES. Cucurbitacin
R glucoside as a regulator of steroidogenesis and pro-
duction of prostaglandin E,—A specific modulator of
hypo-thalamus-pituitary-adrenal cortex system. Bull Exp
Biol Med Issue No. 53: 456-457, 1987.

Sprygin VG, Panossian AG, Dardimov IV. Influence of
Eleutherococcus and eleutherosides A,B,C,D and E on the
arachidonic acid release and metabolism. Chem Pharm J
Issue No. 7:776-779, 1988.

Panossian AG, Dadayan MA, Gevorkian GA. The effect of
stress and adaptogene cucurbitacin R diglucoside on
arachidonic acid metabolism. Prob/ Endokrinol Issue No.
35:58-61, 1989

Panossian AG, Dadayan MA, Gevorkian GA The effect of
adaptogenes: Cucurbitacin R diglucoside as a stimulator
of arachidonic acid metabolism in the rat adrenal glands
Probl Endokrinol Issue No 35:71-74.1989.

Kudrin AN, Rodina LG. The comparative effect of the sum
of Eleutherococcus and Ginseng substances on adapta-
tion and resistance of the central nervous system in the
case of ischemia and reperfusion. In: New Data on Eleuthe-
rococcus. Vladivostok, Far East Center of the Academy Sci-
ences of the USSR., 1986, pp 149-153.

Boon-Niermeijer EK, van den Berg A, Wikman G, Wie-
gant FAC. Phytoadaptogens protect against enviromen-
tal stress-induced death of embryos from the freshwater
snail Lymnea stragnalis. Phytomedicine 7:389-400, 2000.
Friedman EM, Irwin MR. A role for CRH and the sympa-
thetic nervous system in stress-induced immunosuppres-
sion. In: Chrousos GP, McCarty R, Pacak K, et al. (eds.):
Stress. Basic Mechanisms and Clinical Implications. Ann
NY Acad Sci 771:396-418, 1995.

Selye H. Stress. Montreal: Acta Medical Publishers, 1950,
pp. 1-127.

Hochachka PW, Somero GN. Biochemical Adaptation.
Princeton, NJ: Princeton University Press, 1984, pp. 1-356
Meerson F. Adaptation, Stress and Prophylaxis. Moscow:
Nauka, 1981, (Russian Edition); New York: Springer-Ver-
lag, 1984. pp.1-278.

Malishev 1Y, Manukhina EB: Stress, adaptation and nitric
oxide. Biochimia 63(7), 992-1006, 1998.

Cramer JA, Spilker B. Quality of Life and Pharmacoeco-
nomics. New York: Lippincott-Raven,1998, pp. 1-274.

Prof. Dr. Alexander G. Panossian is Director of the Expert
Analytical Laboratory of the Armenian Drug and Medical
Technology Agency, Yerevan, Armenia.



