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A SUITABLE CHROMATOGRAPHIC METHOD FOR QUANTITATIVE
ASSAY OF RUTIN AND FLAVONE C-GLYCOSIDES IN BUCK-

WHEAT SEEDLINGS

Recently we have shown that four of the five flavonoid compounds occurring In
buckwheat esculentum Moench) cotyledons are flavone C-glycosides, two
of them being identical with luteolin C-glycosides orientin and horno-orientin, and the
remaining pair of compounds with vitexin and saponaretin, the corresponding analogues
of apigenin (Margna et al., 1967). The fifth flavonoid derivative of cotyledons as well
as the only flavonoid besides anthocyanins in hypocotyls is known to be qucrcetin-
3-rhamnoglucoside rutin (Trover, 1955). The co-occurrence of different types of flavo-
noids in one and the same tissue together with the fact that flavone C-glycosides under
consideration are present in cotyledons only, but not in the leaves or other organs
of buckwheat plant, has markedly increased the importance of buckwheat seedlings as
suitable model plants for different flavonoid studies. In connection with this, an
urgent need has arisen for a reliable method of analysis permitting simultaneous quanti-
tative determination of each of the separate flavonoid derivatives present in seedlings
and at the same time ensuring a sufficient degree of precision of measurements.

In all of the known attempts hitherto undertaken to solve this problem, the principles
of chromatographic technique have been applied exclusively. None of the earlier authors,
however, has proposed a method in all aspects satisfactory for complete quantitative ana-
lysis of buckwheat flavonoids. Thus, by a circular filter paper chromatography procedure
utilized by a number of authors (Noll, 1955; Bassler, 1957), only two of the five fla-
vonoids of cotyledons could be determined separately, while the remaining three of the
compounds, including rutin, had to be assayed together. Harraschain and Mohr (1963)
have succeeded in achieving a complete separation of the flavonoid complex of buckwheat
cotyledons by two-dimensional paper chromatography, but they did not use this technique
for quantitative purposes. The cotyledonary flavonoids were determined by them as a
sum of all of the five substances by means of a simple speclrophotometric measurement
of the absorbance of the methanolic extracts of cotyledons in the UV-region of the
spectrum. More recently, Scherf and Zenk (1967) have fitted for buckwheat studies a thin-
layer chromatography method originally developed by Hess and Meyer (1962) for the
separation of anthocyanins in Petunia flowers. However, the authors used it for the
determination of anthocyanins and rutin in hypocotyls only, and nothing is known about
the fitness of the method concerning the assay of flavonoids in cotyledons.

Certain attention deserves the possibility of using direct absorptiometry of paper
chromatograms. Troyer (1956a) has shown that this technique is satisfactory for relative
measurements on rutin and four other flavonoid substances present in buckwheat cotyle-
dons and has employed it to follow the changes in approximate quantitative levels of the
five buckwheat flavonoids during seedling development (Troyer, 1956b). Unfortunately,
the precision of determinations made with this procedure is not as good as might
be desired, and the method must m fact be regarded as semiquantitative in nature.
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In the present paper, an improved method for complete quantitative analysis of
buckwheat flavonoids is proposed, involving a procedure of repeated one-dimensional
paper chromatography for hypocotyl assay and two-dimensional paper chromatography
for the assay of flavonoid substances in cotyledons. The method has been successfully
applied in our laboratory and may be recommended as a convenient tool for simultaneous
determination of each of the flavonoid substances present in buckwheat seedlings.

Experimental

All the methodical work was carried out on buckwheat seedlings of
the local Estonian variety ’Jõgeva’ (Fagopyrum esculentum Moench)
grown under artificial illumination from white fluorescent tubes.

For flavonoid extraction, the freshly collected plant materia! was
ground in a mortar to a homogeneous mass and then extracted with two
portions of 95 per cent ethanol. The chromatographic check-up proved that
this procedure is sufficient for exhaustive extraction of rutin and other
flavonoids from seedling tissue. The resulting alcoholic extracts were
directly used for chromatography (cotyledons), or previously evaporated
to dryness with subsequent dissolution of the residue in a small volume
of a mixture of ethanol and water (hypocotyls).

All chromatograms were run by ascending technique at room tempera-
ture. Two solvent systems were employed, the upper phase of the mixture
of isoamyl alcohol-petrol ether-acetic acid-water (3:1:3:3, v/v) (IPAW)
being used for the first development and 3 per cent acetic acid for the
second. For rutin assay in hypocotyls, both the solvents were used in the
same direction, whereas for the resolution of flavonoids from cotyledons,
the technique of two-dimensional paper chromatography was employed.
By these procedures, complete separation of flavonoids from each other as
well as from concomitant anthocyanins and other related substances was
achieved (Fig. 1).

Fig. I. Chromatograms of buck-
wheat seedling flavonoids. A
hypocotyls; В cotyledons; 1
rutin; 2 orientin; 3 horno-
orientin; 4 vitexin; 5 sapon-
aretin; a anthocyanins; b
the zone of hydroxycinnamic acid

derivatives.

The chemicals used for the composition of chromatographic solvents
were obtained commercially and were of the best available grade. Through-
out the work, the Filtrak FN-11 chromatographic paper manufactured by
the VFB Spezialpapierfabrik Niederschlag/Erzgeb. (German Democratic
Republic) was used. Flavonoid spots on chromatograms were located by
ultraviolet light.

All spectrophotometric measurements were conducted on a Soviet
SF-4A ultraviolet spectrophotometer using 10 mm prismatic quartz cuvet-
tes. The quantities of flavonoids were determined directly by the ultra-
violet absorbance of their ethanolic eluates without any use of colour reac-
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tions with chelating or other reagents. The measurements were made at.
wavelengths corresponding to the absorption maxima in Band I of the
separate derivatives: rutin at 360 nm, orientin and homo-orientin
at 350 nm, vitexin and saponaretin at 335 nm (Margna et ai, 1967).
The absorbance of eluates was measured against a blank solution obtained
by the eluation of either the corresponding area on blank chromatograms
developed with the same solvents or the blank area adjacent to the corre-
sponding flavonoid on the same chromatogram. The absorbance of the
solutions of standard substances was measured against the pure solvent
as the blank.

As standard substances, the authentic preparations of rutin manu-
factured by the “Chemapol” (Czechoslovakia) and the preparations of
orientin and iso-saponarin (saponaretin-4 / -glucoside) were used. The
samples of the two last substances were obtained as a generous gift from
V. Litvinenko (The Chemical and Pharmaceutical Research Institute,
Kharkov). The evaluation of the suitability of the proposed method as well
as of the different intermediate procedures was accomplished by the
statistical techniques of regression analysis (Youden, 1949; Bailey, 1959)
and of analysis of variance (Snedecor, 1957).

Results
In the method presented here, the following procedures are necessarily

involved: 1) the extraction of flavonoids from hypocotyls or cotyledons
with the subsequent liberation of the extracts from tissue fragments;
2) the evaporation of extracts to dryness followed by a treatment of the
resulting residue for taking it up into a solution of suitable volume
sufficiently reduced to be convenient for chromatography (this procedure
is omitted when cotyledons are analyzed the content of flavonoids in
this material is sufficiently high to allow direct application of a portion
of the initial extract on paper chromatograms); 3) the chromatographic
separation of flavonoids in two different solvent systems; 4) the eluation
of flavonoid spots from developed and dried chromatograms; 5) the spec-
trophotometric measurement of the absorbance of the eluates of separate
flavonoids.

Of these steps of analysis, the second and the fourth may lead to
certain losses of flavonoids being analyzed, which cannot be completelv
avoided by technical or methodical means. Hence, the applicability of the
whole method is greatly dependent upon, firstly, the extent to which the
possible losses arising during these steps can be minimized, and, secondly,
the fact whether the resulting experimental error is irregular or regular
in nature.

Below the results of the corresponding proof-tests are described, includ-
ing the linearity check-up of the absorbance of solutions of the standard
substances rutin, orientin and iso-saponarin, the latter being used as a
standard for apigenin C-glycosides.

The absorbance of the standard solutions of various concentrations.
The plot of spectrophotometer readings against micrograms of flavonoids
per millilitre and the fitted straight lines through the origin (Fig. 2)
clearly showed that over the range of quantities tested the optical density
(OD) of solutions was strictly proportional to their concentration, irre-
spective of whether the solutions of rutin or those of the two other stand-
ard substances were assayed. The comparative trials with rutin indicated
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that the proportionality was maintained in both 95 per cent and diluted
ethanol. Thus the absorption of solu-
tions followed Beer’s law. This fact,
together with the sensitivity attainable
by the test, suggests that the direct
measurement of the ultraviolet absorb-
ance of substances in ethanolic solu-
tions may be successfully applied for
quantitative assay of microgram
amounts of buckwheat flavonoids,
securing a high degree of precision of
determinations.

The slopes of the separate regres-
sion lines resp. standard curves and
the extinction coefficients calculated
from the values of the corresponding
slopes are characterized by the follow-
ing estimates (Table I).

Fig. 2. Standard curves of rutin (1), iso-sapo-
narin (2), and orientin (3) in 95 per cent

ethanol.

Recovery of rutin from dry residues of rutin standard solutions and
of hypocotyl extracts (check of the second step of the method). Aliquots of
the same volume of 95 per cent ethanolic solutions of ten different concent-
rations of pure rutin were evaporated to dryness, the residue was taken
up into a known volume of 95 per cent ethanol and then subjected to
spectrophotometric determination. Each concentration was tested in three
replications, using the standard procedure of analysis that will be
described in a later section. The results of these tests were compared with
the data obtained from direct absorption measurements of the same test
solutions prior to evaporation (Table 2).

From this comparison it becomes evident that the dissolution of rutin
from dry residue remaining after evaporation of the solvent is not
complete and that a recovery of approximately 90 per cent can be achieved
only. However, the separate ratios of the amount of rutin found to the

Table I
The slopes of standard curves and the corresponding

extinction coefficients of rutin, orientin and isosaponarin in
ethanolic solutions

Compound
Slope, b,

OD/pg per
ml

Extinction coefficient,
E, cm 2 /Mol

Rutin,
in 95 per cent ethanol 23.fi • 10“3 £360 пш

== 1 4 • 10'
Rutin,

in 45 per cent ethanol ' 23.0 • 1СГ3
nm — 1-40 • 107

Orientin,
in 95 per cent ethanol 35.5 • 10~3 £з»пп. = 1-59. 10’

Iso-saponarin,
in 95 per cent ethanol 32.fi ■ 10~3 £335'.m’~ 1.94 • I0 7



amount actually applied reveal only slight discrepancies as compared to
the average value varying within narrow limits from a low of 0.88 to a
high of 0.91. On account of this relative constancy, there was a good

reason to assume that the

Statistics for the fitted regression line of the form
y=a+bx:

Slope, 6 =0.881
Intercept, a =1.90
Standard deviation of the slope, sb =0.008
Standard deviation of the intercept, se = 2.46

= 110.12 ta =0.77

* Here and in the corresponding column of Tab-
les 4 and 5 the amount of rutin is expressed as the
theoretical concentration of the substance in the final
solution for spectrophotometric measurement.

experimental error arising
during this procedure is
not random, but is linearly
related to the actual
amount of rutin present in
sample.

To check this hypothe-
sis, the known and the
found rutin contents of
the sample were taken as
the x and у variables cor-
respondingly, and a
straight line was fitted for
these ten pairs of obser-
vations. The parameters
of the fitted regression
line together with the rele-
vant statistics are presen-
ted in the lower part of
the Table 2.

As it can be seen from
the data, the slope of the
line is in close agreement
with the average ratio
found empirically and has
a small standard deviation
resulting in a large value
for the corresponding Stu-
dent’s t. Alternatively a
low value for tne t of the
intercept as well as the

negligibility of the intercept itself indicate that the line may be
considered to pass through the origin. Thus, the linearity of rutin recovery
in this procedure is held reasonably well.

Another argument for the hypothesis is obtained by estimating the
significance of deviations of recovery data from linearity using a tech-
nique of the analysis of variance recommended by Snedecor (1957).

The results of the analysis clearly demonstrate (Table 3) that the
slight deviations from linear regression observed in these recovery
experiments are merely due to random variation, but cannot be regarded
as a regular tendency worth to be taken into account.

Recovery of rutin from dry residues of buckwheat hypocotyl extracts
to which extra amounts of pure rutin were added, lent further support
to the hypothesis of linearity under discussion. In all cases the amount
of rutin recovered was found to be linearly dependent upon the amount of
the substance actually added, the recovery being always of approximately
the same magnitude as it was when the solutions of pure rutin were
tested (Table 4).

Thus, though the suggested analytical procedure is not free from
experimental error, nevertheless it yields a recovery relationship which is
linear to the actual amount of rutin and has a slope equal to 0.881 as the
best estimate. The linearity is maintained in the range 1 to 20 jag/ml at
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Table 2
Recovery of rutin from dry residues remaining after

the evaporation of rutin solutions to dryness

Amount of
Spectrophoto-

meter readings, Rutin found,
OD ■ 1000

Ratio rutin
rutin, corresponding tound/actual
pg/ml* to actual rutin. rutin

OD • 1000

2 47 42 0.894
4 94 86 0.915
6 142 123 0.866
8 189 169 0.894

10 236 210 0.890
12 283 252 0.890
14 330 301 0.912
16 378 335 0.886
18 425 373 0.878
20 472 415 0.879

Av. 0.890
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least (up to 1000 micrograms of rutin in starting plant material respect-
ively) which is broad enough to cover the needs of any of the experimental
work with buckwheat seedlings and to realize the whole procedure suitable
for practical use.

Recovery of rutin and flavone C-glycosides from chromatograms
(check of the fourth step of the method). Eluation process necessary for
removing separated flavonoids from chromatograms into a solution for
quantitative measurement is generally not exhaustive, the recovery-
obtained varying usually within the range 60 to 90 per cent depending
on the nature of the compounds as well as on the properties of the
chromatographic paper and solving reagents used. This disadvantage
could not be eliminated in the present work with buckwheat flavonoids,
either.

In order to evaluate the degree of removal of the substances from the
developed chromatograms attainable by a single eluation, ten known
amounts of rutin were chromatographically run, using the standard proce-

Table 3

Analysis of variance of the recovery of rutin
from dry residues remaining after the evaporation

of rutin solutions to dryness

Source of variation Degrees
of freedom

Sum of
squares

Mean
square

Total
Concentration of

27 402 309

rutin solutions
Including:

9 400 772 44 530

Linear regression
Deviations from

I 400 493 400 493

linearity
Variation within replications

8
•

279 35

(random error)

F = 35/85=0.41

18 1 537
85

Table 4

Recovery of rutin from dry residues of a buckwheat
hypocotyl extract to which extra amounts of pure

rutin were added

Amount of
extra
rutin,
tig/ml*

Spectrophotometer readings, OD ■ 1000
corresponding to

Ratio rutin
found/rutin

addedextra rutin
actually
added

total rutin
found in test
extract (to-
gether with
extra rutin)

recovery of
extra rutin

0
2
6

10

* See fool

0
47

142
23G

note in Table

2G3
305
392
472

2.

42
129
209

0.894
0.908
0.88G
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dure recommended for general use in hypocotyl analysis (see later). The
resulting spots of rutin were eluated with.4s per cent ethanol, which was
found to be the best eluating solvent for this flavonol glycoside, and the
amounts of rutin recovered in eluates were compared with the amounts
actually applied. Each amount of rutin was tested in three replications.

Results of these recovery trials are presented in Table 5. As can be
seen, the removal of rutin from chromatograms was of the order of 85
per cent of the total amount of rutin actually applied. Taking into account

the well-known difficulties
connected with , the
attempts to obtain more
effective eluation, this
degree of recovery can be
considered highly satis-
factory, and the more so,
since the eluation process
itself followed strict pro-
portionality. The plot of
the amounts of rutin reco-
vered from chromato-
grams by a single elua-
tion with 45 per cent etha-
nol vs. amounts of actual
rutin resulted in a fitted
straight line which passed
through the origin (the
hypothesis that the inter-
cept a =0.10 is signific-
antly different from zero
was rejected at a high
level of probability; see
the lower part of the Table
5) and had a slope equal
to 0.868. The latter value
proved to be practically
identical with the average
ratio rutin found/actual
rutin, yielding a clear-cul
evidence for a linear

relationship. The evaluation of deviations of recovery data from linearity
by means of analysis of variance advanced further confirmation that the
amount of rutin recovered from chromatogram by a single eluation is
strictly linear to the amount of the substance actually applied (Table (3).

Essentially analogous were the results of the corresponding recovery
tests'with orientin. The eluation of this substance also yielded a recovery
relationship linear to the amount of the substance actually applied on the
chromatograms. In the present case it was found that the best estimate
of the slope of the corresponding regression line is equal to 0.750. The
main difference as compared with the eluation of rutin is that the best
removal of the substance from chromatogram was achieved by using
95 per cent ethanol as the eluating reagent and that the degree of removal
in itself is somewhat smaller 75 per cent only, as it could be seen
already from the slope of the recovery relationship mentioned above. This
degree of recovery is still sufficiently high to meet the requirements of
the present method and to consider a single eluation with 95 per cent
ethanol acceptable for the assay of flavone C-glycosides.

Table 5
Recovery of rutin from chromatograms by a single

eluation with 45 per cent ethanol

Amount Spectrophoto-
of rutin meter readings Rutin found Ratio rutin
actually corresponding in elnates, found/act-
applied, to actual rutin, OD ■ 1000 ual rutin
Rg/ml* OD ■ 1000

2 46 40 0.870
4 92 82 0.891
6 138 123 0.891
8 184 154 0.837

10 230 198 0.861
12 276 235, 0.851
14 322 285 0.885
16 368 324 0.880
18 414 357 0.862
20 460 399 0.867

Av. 0.870

Statistics for the fitted regression line of the form
y=a+bx\

Slope, 6=0.868
Intercept, a=0.10
Standard deviation of the slope, sb — 0.012
Standard deviation of the intercept, sa =3.29

—72.33 f fl =0.03

* See footnote in the table 2.
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Thus, notwithstanding the removal of both rutin and flavone C-glyco-
sides from chromatograms cannot be accomplished quantitatively, the
eluation procedure with appropriate solvents yields a recovery relationship
which is linear to the actual amount of the substances and, therefore,
warrants its use for the purposes of quantitative measurements.

Concluding remarks
To sum up the results of the recovery-tests described above, it must be

concluded that within the range 50 to 1000 micrograms of separate sub-
stances per a portion of plant material, the different analytical procedures
involved as well as the suggested method as a whole are applicable for
quantitative determination of flavonoids in buckwheat seedlings reason-
ably well. In spite of the fact that experimental losses of the substances
cannot be entirely avoided during the analytical procedures, the method
yields a strict linear relationship between the final results obtainable by
employing it and the amounts of substances actually present in the plant
material. The experimental losses, therefore, do not appear to interfere
with the reliability of the scientifical information attainable by, this
method, at the same time do not practically affecting also the precision of
determinations.

The average degree of precision estimated here in terms of standard
deviation as expressed in relative units of the mean value of the sample
consisting of five replicate determinations was found to be equal to 3.8
per cent. That is, the average random error of the method does not exceed
the limits of the natural variation normally existing within the biological
material. Bearing in mind the great number of intermediate steps of the
method and the overall duration of the determinations, this degree of
precision may be considered highly satisfactory for practical use.

Procedure recommended for general use

The following technique, which can be applied to samples consisting
of up to 30 seedlings, is recommended for general use in routine analysis
of buckwheat flavonoids:

Table 6

Analysis of variance of the recovery of rutin from chromatograms
by a single eluation with 45 per cent ethanol

Source of variation Degrees of Sum of Mean
freedom squares square

Total 29 327 248
Amount of rutin applied

on chromatograms 9 325 491 36 166
Including:

Linear regression 1 325 140 325 140
Deviations from

linearity 8 351 44
Variation within replications

(random error)

F= 44/88=0.50

20 1 757 88
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Remove roots from harvested seedlings, dissect the remaining part of
seedlings into separate portions of hypocotyls and cotyledons, and grind
the two portions of the fresh material separately in a porcelain mortar
by means of glass sand until the material is completely homogenized.
Add 10 ml of cold ethanol, mix carefully, transfer the mixture together
with tissue fragments quantitatively into a centrifuge flask and allow it
to stand there for 30 minutes at room temperature, now and then stirring
the contents of the flask with a glass rod. Centrifuge the mixture 15 mi-
nutes at 7000 rpm, pour the clear supernatant off from sediment, wash the
sediment with 5 ml of ethanol, repeat the centrifugation, and add the clear
washing to the initial extract obtained after the first centrifugation.

The sequence of further manipulations depends upon whether hypo-
cotyls or cotyledons are examined.

Hypocotyls: Pour the joined ethanolic extract obtained above into
a porcelain dish and allow it to stand open at room temperature until
the solvent is completely evaporated. Treat the remaining dry residue for
1 minute carefully with 1 ml of distilled water, add 1 ml of 95 per cent
ethanol and continue the treatment for another 1-minute period. Take
with a micropipette a 0.2 ml portion of the resulting solution, spot it on
the starting line of a sheet of chromatographic paper and develop the
chromatogram by ascending technique in the upper phase of the mixture
of isoamyl alcohol-petrol ether-acetic acid-water (3:1:3:3, v/v) until the
front of the solvent reaches the 40 cm mark. Dry the developed chromato-
gram in a current of air in a fume cupboard and repeat the development
.in the same direction, now in a 3 per cent acetic acid solution. Then
subject the chromatogram to final drying, locate the spot of rutin on it
by ultraviolet light, and cut the spot out for subsequent eluation.

Cotyledons: Transfer the ethanolic extract obtained above quanti-
tatively into a calibrated test-tube, add some ethanol or allow the test-tube
to stand open for removing the excess solvent so as to adjust the volume
of the extract to 15 ml, take with a micropipette a 0.3 ml sample of the
adjusted solution, and spot it on a sheet of chromatographic paper for
two-dimensional chromatography. Develop the chromatogram using the
upper phase of the mixture of isoamyl alcohol-petrol ether-acetic acid-
water {3:1:3:3, v/v) for the first direction and a 3 per cent acetic acid
solution for the second direction, dry the developed chromatogram, mark
the position of the spots of flavone C-glycosides and rutin on it under
an ultraviolet lamp, and cut the spots out for eluation.

The eluation procedure and the final absorption measurements are to
be carried out as follows:

Cut the flavonoid spot into small pieces, introduce them into a 50 ml
flask, pour the pieces over with 5 ml of 45 per cent ethanol (for rutin
spot) or with the same amount of 95 per cent ethanol (for the spots of
flavone C-glycosides) and allow the flask to stand firmly stoppered for 3
hours, now and then vigorously shaking the contents of the flask to
favour eluation. Pour the eluate completely off from the pieces, filter it
through the filter paper, and subject the clear eluate immediately to
spectrophotometry, measuring its optical density at 360 nm (rutin), 350 nm
(orientin and homo-orientin) or 335 nm (vitexin and saponaretin). Adjust
the result of the measurement to one of the following formulas and
calculate the amount of the flavonoid examined:

=

op -5. 10 and (I)
Hypocotyls Ь ■ C\ ■ C 2
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= CD-5.50. (2)Cotyledons Ö• C 2(ОГ C 3>
’ ' ’

where F total absolute amount in micrograms of the flavonoid in
the sample examined;

OD the optical density of the eluate of the flavonoid spot examined,
b slope of the corresponding standard curve (see Table 1);
5D and 250 dilution coefficients for hypocotyls and cotyledons

respectively;
c, =O.BB1 — correction factor for recovery of rutin from { dry residues

remaining after evaporation of hypocotyl extracts to dryness in
the second step of the analytical procedure;

c 2 = 0.868 correction factor for recovery of rutin from chromato-
grams;

c 3 = 0.750 correction factor for recovery of flavone C-glycosides from
chromatograms.

In practical work, the best estimates of the correction factors cu c 2 andc 3 found in the present study can be successfully replaced by approximate
values of 0.90, 0.85 and 0.75 respectively.
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U. MARGNA, Е. MARGNA
PABERKROMATOGRAAFILINE MEETOD RUTIINI JA FLAVOON-

C-GLÜKOSI IDIDE KVANTITATIIVSEKS MÄÄRAMISEKS
TATRAI DAN DEIS

Resümee
Esitatakse uus, täiustatud meetod rutiini kvantitatiivseks määramiseks tatraidandite

hüpokotüülides ning rutiini ja flavoon-C-glükosiidide orientiini, homoorienliini, viteksiini
ja saponaretiini üheaegseks määramiseks tatraidandite idulehtedes. Meetod baseerub uuri-
tavate ühendite paberkromatograafilisel lahutamisel, kusjuures kasutatakse kahekordset
voolutamist: esiteks, vahekorras 3:1:3:3 valmistatud isoamüül-alkoholi-petrooleelri-äädik-
happe-vee seguga (ülemine faas) ning teiseks, 3%-lise äädikhappega. Rutiini määramisel
hüpokotüülides voolutatakse mõlema solvendiga ühes ja samas suunas, idulehtede flavo-
noidse kompleksi analüüsimisel aga kahemõõtmelise kromatograafia põhimõttel. Nende
solventide kasutamine tagab flavonoidide täieliku lahutamise nii üksteisest kui ka tatra-
idandeis esinevaist antotsüaanidest ning hüdroksükaneelhappe derivaatidest. Analüüsita-
vate flavonoidide hulga lõplik kindlaksmääramine pärast nende kromatograafilist lahuta-
mist toimub vastavate laikude etanoolsete eluaatide optilise tiheduse otsese speklrofoto-
meetrilise mõõtmise teel spektri ultraviolcttpiirkonnas (rutiini puhul 360 nm, orientiini ja
homoorientiini puhul 350 nm ning viteksiini ja saponaretiini puhul 335 nm juures). Hooli-
mata sellest, et analüüsi käigus ei ole võimalik vältida mõningaid kadusid, on meetodi
kasutamisel saadavate tulemuste reprodutseeritavus rahuldav ning vähemalt vahemikus
50—1000 mkg flavonoidi proovi kohta täielikult tagatud määramise lõpptulemuste ning
ühendi tegeliku sisalduse vaheline lineaarsus. Meetodi keskmine juhuslik viga on alla
4%, mis ei ületa bioloogilisele materjalile omase loomuliku varieeruvuse piire. See näi-
tab, et meetod on edukalt rakendatav usaldusväärse informatsiooni saamiseks eri flavo-
noidide sisalduse ning kvantitatiivsete vahekordade kohta tatraidandeis. Artiklis kirjelda-
takse üksikasjalisemalt üht selle meetodi varianti, mida tatraidandite flavonoidide bio-
keemilisel uurimisel soovitatakse slandardmodifikatsioonina kasutusele võtta.

Eesti NSV Teaduste Akadeemia Saabus toimetusse
Eksperimentaalbioloogia Instituut 4. IV 1968

У. МАРГНА, Э. МАРГНА
ХРОМАТОГРАФИЧЕСКИЙ МЕТОД ДЛЯ КОЛИЧЕСТВЕННОГО ОПРЕДЕЛЕНИЯ

РУТИНА И ФЛАВОН-С-ГЛИКОЗИДОВ В ПРОРОСТКАХ ГРЕЧИХИ
Резюме

Предложен усовершенствованный метод для количественного определении рутина в
гигокотилях, а также для определения рутина и флавсн-С-гликозидов ориентипа, гомо-
орнентина, витексина и сапонаретина в семядольных листочках проростков гречихи.
В основе метода лежит хроматографическое разделение изучаемых веществ с помощью
смеси изоамиловый спирт —петролейный эфир—уксусная кислота —вода (3:1:3:3, верх-
няя фаза) и 3%-ной уксусной кислотой. При анализе гипокотилей оба растворителя
применяются поочередно в одном и том же направлении, при анализе же флавоноид-
ного комплекса семядольных листочков по технике двухмерной хроматографи к
Использование указанных растворителей обеспечивает полное отделение отдельных
флавоноидов проростков гречихи как друг от друга, так и от сопутствующих антоциа-
ноь и производных оксикоричных кислот. Окончательное определение количества от-
дельных флавоноидов производится путем прямого спектрофотометрического измерения
оптической плотности этанольных элюатов соответствующих пятен в ультрафиолетовой
области спектра, при 360 нм в случае рутина, 350 нм в случае ориентина и гомоорнеп-
тина и 335 нм в случае витексина и сапонаретина. Несмотря на некоторые эксперимен-
тальные потери, неизбежные в ходе анализа, воспроизводимость результатов'при ис-
пользовании предложенного метода удовлетворительна, причем по крайней мере в
пределах 50—1000 миг отдельных флавоноидов в изучаемой пробе полностью сохпа-
няшся линеарная зависимость между окончательными результатами анализа и истин-
ным количеством веществ в материале. Средняя случайная ошибка метода около
4%, что не превышает границ естественного варьирования в биологическом материале.
Зтн параметры показывают, что метод может быть успешно применен для получения
достоверной информации о содержании и количественных соотношениях отдельных
флавоноидов в проростках гречихи. В статье дано подробное описание одного из
вариантов метода, рекомендуемого в качестве стандартной модификации к примене-
нию в лабораторных исследованиях по изучению флавоноидов проростков гречихи.

Институт экспериментальной биологии Поступила в редакцию
Академии наук Эстонской ССР 4/IV 1968
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	О ЖЕРЕХЕ ASPIUS ASPIUS (L.) ОЗЕРА ВЫРТСЪЯРВ
	Примечание: Размеры даны в процентах от длины тела (/), диаметр глаза в процентах от длины головы.
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	К ФАУНЕ ЦИКАДОВЫХ ТАЙМЫРА
	Рис. 1. Район исследований. Черными кругами обозначены места сбора материала.
	Рис. 2. Javesella simillima (Lv.) $: А генитальный сегмент справа (увеличение (52Х); Б генитальный сегмент сзади (82Х); В эдеагус и анальная трубка слева (112 X); Б этеагус снизу (112Х); Д грнфелек слева (112 X).
	Рис. 3. Lebradea flavovirens (Gil. & Bk.); A генитальный сегмент самца справа (52 X); Б субгенитальная пластинка и генитальные пластинки (вправо сверху, влево снизу) (82 X); Б эдеагус справа (150 X); Г эдеагус снизу и сзади (150 X): Д конец грифелька сверху (150 X): £ коннектив (122 X); Ж – конец отростка боковой лопасти (150 X); 3 задний конец брюшка самки (26 X)-
	Рис. 4. Hardya taimyrica n. sp.: А генитальный сегмент самца слева (82 X); Б субгенитальная пластинка и генитальные пластинки (82 X); В генитальные пластинки и грифелькн сзади (82 X); Г эдеагус слева (250 X); Д эдеагус сзади (250 X); Е грифелек сверху (82 X); Ж конец грифелька снизу (122 X); 3 коннектнв (122 X); II отросток боковой лопасти пигофера (150 X); Я задний конец брюшка самки (26 X)- 2*
	Рис 5. Cicadula borealis n. sp.: A генитальный сегмент самца слева (82 X); В субгенитальная пластинка и генитальные пластинки (82 X); В эдеагус слева (150 X); Г эдеагус сзади (150 X); Д грифелек сверху (82 X); Ь конец грифелька сбоку (150 X); Ж задний конец брюшка самки (31 X); J Vii стерпит брюшка самки (46 X)-
	Рис. 6. Моховая тундра ус. Устье Агапы. Биотоп Streptanus arctous, Javesella obscurella и J. simillima.
	Рис. 7. Пояс пушицы (Eriophorum angustifolium) в моховой тундре. Биотоп Javesella simillima.
	Рис. 8. Кустарниковая тундра в окрестностях Талнаха. Биотоп Notus flavipennis, Doliotettix pallens и Cicadula borealis.
	Рис. 9. Вырубка (трасса) в кустарниковой тундре. Биотоп Javesella forcipata, Errastunus ocellaris, Lebradea flavovirens, Roseaus cruciatus и Psammotettix alienus.

	О МИГРАЦИЯХ МУХ (DIPTERA BRACHYCERA) НА ВЕРХОВЫХ БОЛОТАХ
	MÜGARBAKTERITEL RÖNTGENI KIIRTE TOIMEL TEKKIVAST BIOKEEMILISEST DEFITSIITSUSEST
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	О ВЛИЯНИИ СВЕТА НА ОБРАЗОВАНИЕ АНТОЦИАНОВЫХ ПИГМЕНТОВ В СЕМЯДОЛЯХ ПРОРОСТКОВ ГРЕЧИХИ
	Рис, I. Спектр поглощения красного фильтра.
	Рис. 2. Изменение содержания антоцианов в / семядолях и 2 гипокотилях при продолжительном непрерывном освещении. Интенсивность освещения 38 вт/м2.
	Рис. 3. Световые кривые накопления антоцианов в семядолях при I непрерывном и 2 прерывистом освещении и в гипокотилях при 3 непрерывном и 4 прерывистом освещении. Прерывистое освещение: один световой импульс длительностью 5 мин/ч.
	Рис. 4. Накопление антоцианов в зависимости от длительности световых импульсов. Общая световая обработка 24 ч: 1 семядоли, интенсивность освещения 43 вт/м2\ 2 семядоли, 5 вт/м2\ 3 гипокотили, 43 вт/м2.
	Рис. 5. Зависимость темнового образования антоцианов в семядолях от продолжительности предшествующего освещения. Интенсивности освещения: I 60 вт/м2\ 2 20 вт/м2; 3 5 вт/м2.
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	ДЕЙСТВИЕ НЕКОТОРЫХ АНТИБИОТИКОВ НА ОБРАЗОВАНИЕ АНТОЦИАНОВ И РУТИНА В ГИПОКОТИЛЯХ ПРОРОСТКОВ ГРЕЧИХИ
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	KAHEREALISE ODRA SORTIDE BIOLOOGILISI JA TEHNOLOOGILISI OMADUSI
	Joon. 1. Lehepindala ja klorofüllisisa 1 dus odra sortidel. Sordid on esitatud samas järjekorras nagu joonisel 2. (Analüüsi kuupäevad olid; i— 7. vi, 2 15. vi, з 23. vi, i— з. vii, 5 —l3. vii, e 21. vii.)
	Joon. 2. Eri odrasortide biomass ja kuivaine vegetatsiooniperioodil {lO taime kohta g-des): 1 ’Maja’, 2 ’Ara’, 3 ’Aisa’, 4 nr. 5741, 5 'lsaria Nova’, 6 ’Foma’, 7 ’Amsel’, 8 'Breuns Visa’, 9 ’Birgitta’, 10 ’Gambrinus’, 11 ’Domen’.,
	Untitled
	Untitled

	О МИНЕРАЛЬНОМ ПИТАНИИ СОСНЫ ОБЫКНОВЕННОЙ (PINUS SILVESTRIS L.) НА МАЛОМОЩНЫХ ПЕРЕГНОЙНО-КАРБОНАТНЫХ (АЛЬВАРНЫХ) ПОЧВАХ
	Рис. 1. Места сбора образцов хвои на территории Эстонской ССР (обозначения см. на рис. 2).
	Рис. 2. Зависимость веса хвоинок сосны от
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	Рис. 3. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов на альварах материка и о. Сааремаа.
	Рис. 4. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов в сфагново-долгомошниковом экологическом ряду.
	Рис. 5. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов в вересков о-лишайн и ково-брусничном экологическом ряду.
	Рис. 6. Зависимость между весом хвоинок и концентрацией в нич азота в зонах острой и недостаточности в азоте в некарбокатных местопроизрастаниях (обозначения см. на рис. 2).
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	ОДНОКАНАЛЬНАЯ СЦИНТИЛЛЯЦИОННАЯ УСТАНОВКА ДЛЯ ОПРЕДЕЛЕНИЯ ЕСТЕСТВЕННОГО РАДИОУГЛЕРОДА
	Рис. 1. Блок-схема установки. 1 источник высокого напряжения: 2 ФЭУ, защита; 3 катодный повторитель; 4 усилитель; 5 анализатор; 6 пересчетное устройство.
	Рис. 2. Схема включения ФЭУ.
	Рис. 3. Комбинированная цилиндрическая защита. 1 стальной кожух с кюветой, ФЭУ и делителем напряжения; 2 ртутный экран; 3 свинец.
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	Рис. 5. Зависимость скорости счета фона и чистого счета «современного» препарата от объема сцинтиллятора. I и 2 для сцинтиллятора № 1, 3 и 4 для сцинтиллятора № 2.
	Рис. 6. Зависимость максимально определяемого возраста от объема сцинтиллятора № 1 (/) и № 2 (2).
	Рис. 4. Дифференциальные спектры «современного» (/) и фонового (2) препаратов бензола. U{ нижний, U 2 верхний порог дискриминации; площадь N 0 чистый счет «современного» и фонового препаратов.
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	ВЛИЯНИЕ ПРЕДИНКУБАЦИОННОГО ГАММА-ОБЛУЧЕНИЯ НА РОСТ И РАЗВИТИЕ ЦЫПЛЯТ И ИХ ВНУТРЕННИХ ОРГАНОВ
	Зависимость веса цыплят от дозы облучения яиц перед инкубацией. По оси абсцисс доза облучения. По оси ординат средний вес цыплят в месячном возрасте по сравнению с контролем.
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	ПЕРИОДИЧЕСКИЕ ИЗМЕНЕНИЯ РАДИОЧУВСТВИТЕЛЬНОСТИ СЕМЯН РАПСА ПРИ ИХ НАБУХАНИИ И ПРОРАСТАНИИ
	Изменение радиочувствительности семян рапса в ходе набухания. По оси абсцисс время от начала намачивания до начала облучения. По оси ординат длина корней на седьмой день от начала намачивания. Стрелками указаны моменты относительной радиочувствительности. / первая серия, 2 вторая серия. Пунктиром обозначена линия регрессии.
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	ОПИСАНИЕ НОВЫХ СОРТОВ ЛИЛИЙ
	’Суурупи’.

	STUDIES ON THE ETIOLOGY AND PATHOLOGY OF THE BLACK-CURRANT REVERSION
	Untitled
	1 2 Tig. 1 and 2. Ovaries of reverted black-currant flowers growing on Murashigc-Skoog’s medium, burst, the inside revealing numerous seed-like bodies.

	К МЕТОДИКЕ ИСКУССТВЕННОГО ЗАРАЖЕНИЯ МЕДОНОСНОЙ ПЧЕЛЫ КЛЕЩОМ ACARAPIS WOODI (RENNIE, 1921)
	Рис. 1. Усыпление пчелы в замораживающем столике микротома.
	Рис. 2. Усыпленная пчела в трубке-держателе. Иглой указано место расположения стигмы.
	Рис. 3. Игла введена в стигмальное отверстие.
	Рис. 4. Манипулирование с усыпленной пчелой под бинокулярным микроскопом.
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	СЕЗОННАЯ ДИНАМИКА ОТНОСИТЕЛЬНОГО ВЕСА ПЕЧЕНИ ЛЕЩА И СОДЕРЖАНИЯ В НЕЙ ГЛИКОГЕНА И ЖИРОВ
	Рис. 1. Сезонная динамика индекса печени леща в течение года.
	Рис. 2. Уменьшение индекса печени леща в мае.
	Untitled

	КОРТИЦИЕВЫЕ ГРИБЫ СОВЕТСКОГО СОЮЗА. VII (CORTICIACEAE U.R.S.S. VII)

	EESTI MADALSOODE ÄMBLIKEFAUNA STRUKTUURIST JA SESOONSETEST MUUTUSTEST
	Joon. 1. Entomoloogilised püügipunktid madalsoodes: • üksikud püügid, □ Avaste soo püsivaatluspunkt, о Emajõe suudmeala luhasood.
	Joon. 2. Rohurinde ämblike jaotumus dominanlrührnadesse Avaste soos 1952. a.
	Joon. 3. Rohurinde ämblike arvukus (skaala vasakul) ja jaotumus vanuserühmadesse (skaala paremal) Avaste soos 1952. a. Jäme joon ämblike koguarv, peenike joon täiskasvanud isendite arv (6' 9), katkendlik joon noorloomade arv (juv.). Viirutatud ala täiskasvanud isendite hulk °/0-des, viirutamata ala noorloomade hulk %-des.
	Joon. 4. Muutused Avaste soo rohurindes domineerivate ämblikuliiikide arvukuses 1952. a.
	Joon. 5. Muutused Avaste soo rohurindes domineerivate ämb'likuperekondade arvukuses 1952. a.
	Joon. 6. Ämblike arvukuse ööpäevane dünaamika Avaste soo rohurindes 1952. a.
	Joon. 7. Püünisvõrguga ja püünisvõrguta saaki püüdvale ämblike arvukus (skaala vasakul) ja jaotumus (skaala paremal) Avaste soo rohurindes 1952. a. Pidev joon püünisvõrguga liigid, katkendlik joon püünisvõrguta liigid. Viirutatud ala püünisvõrguga ämblike hulk %-des, viirutamala ala püünisvõrguta ämblike hulk %-des.
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	Joon. 8. Ämbliike jaotumus sugukondade järgi: A rohu rindes (Avaste soo, 1952. a.), В sarnblarindes (kõik püü gid 1951.—1953. a.).
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	HETEROGENEITY AND TISSUE SPECIFICITY OF SOME ENZYMES IN KIDNEY BEAN
	Fig. 1. Polyacrylamide gel electrophoretic patterns of kidney bean acid phosphatases (Л), esterases {B), and leucine aminopeptidases (C). Enzymograms: a ungerminated seeds, b the seeds imbibed in aerated water for 48 hours, c the control for seed without added substrate, d cotyledons, e leaf, f stem, g roots.
	Fig. 2. Polyacrylamide gel electrophoretic patterns of anodical peroxidases (A), cathodical peroxidases (5), and anodical nadi-oxidases (C). Designations see under Fig. 1.
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	Joon. 2. Planktoni biomass ja vee t° püügikohlades.
	Juuli. 3. Kilu toidu koostis ja magude täitumus aprillis Klaipeda (kv. 596) ja Soela väina (kv. 338) piirkonnas.
	Joon. 4. Kilu loidu koostis ja magude taltumus mais Pakri piirkonnas (kv. 156).
	Joon. 5. Suguküpse kilu toidu koostis ja magude täitumus mais Soela väina piirkonnas (kv. 337/338).
	Jeon. G. Mittesuguküpse kilu loidu koostis ja magude täitumus mais Soela väina piirkonnas (kv. 337/338).
	Joon. 7. Kiin toidu koostis ja magude täitumus juunis Mersragsi piirkonnas (kv. 251).
	Joon.-8. Kilu loidu koostis ja magude täitumus juulis Pakri piirkonnas (kv. 156).
	Joon. 9. Kilu toidu koostis ja magude täitumus oktoobris Pakri (kv. 152) ja Naissaare (kv. 138) piirkonnas.
	Untitled
	Joon. 10. Suguküpse (/л=12,8 cm) ja mittesuguküpse (ls 8,4 cm) kilu toidu koostis ja magude täitumus detsembris Irbeni väinast lääne pool (kv. 557).
	Рис. 2. Усредненный эффект обработки солянокислым гидразином семян у-вариантов, показанных на рис. 1; / уровень изменчивости, 2 среднее число растений в семье М2. Обозначения те же, что и на рис. 1. Рис. 1. Уровни изменчивости у-облученного ячменя разных репродукций в М2 после обработки семян М2 солянокислым гидразином. Ру – уровень изменчивости, Сгс концентрация гидразина; 1 6 кр. двукратный посев в Эстонии; 2 6 кр, трехкратный посев; 3, 4 и 5 8 кр. одно-, дву- и трехкратный посев в Эстонии до облучения.
	Fig. I. Chromatograms of buckwheat seedling flavonoids. A hypocotyls; В cotyledons; 1 rutin; 2 orientin; 3 hornoorientin; 4 vitexin; 5 saponaretin; a anthocyanins; b the zone of hydroxycinnamic acid derivatives.
	Fig. 2. Standard curves of rutin (1), iso-saponarin (2), and orientin (3) in 95 per cent ethanol.
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	Типы размножения и ридиты сапробности водорослей.
	Untitled
	Fig. 1. Spore diagram of H. lithuanicus and И. lateritius. Each species is represented by 50 spores from a single specimen as in following diagrams, too.
	Fig. 2. Spore diagram of H. subaurantius and H. aurantius.
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	Fig. 4. Spore diagram of H. purpureas and H. rosellus (2)
	Fig. 5. Diagram of the arithmetical means of the spore measurements of 7 Hypomyces species: H. luteo-uirens {1—4), H. lateritius (5—9), H. lithuanicus {10), H. subaurantius {11—14), H. aurantius {15—18), H. purpureas {19—21), and H. rosellus {22—23).
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	Joon. 1. Kaug-Ida florist ili ne regioon S. J. Sokolovi ja О. A. Svjazeva (1965) järgi. Joon. 2. Seemnele ja taimede põhilised varumiskohad Primorje krais ja Sahhalini saarel.
	Joon. 3. Mikrobioota (Microbiota decussata Kom.) Tallinna Botaanikaaia puukoolis. (A. Niitla foto.)
	Joon. 4. Kääbus-seedermänni (Pinus pumila (Pall.) Reg.) tihnik looduslikul kasvukohal Sahhalini saarel Tšehhovi mäel. (A. Zvirgzdi foto.)
	Joon. 5. Viljuv karedakarvane ebaviinapuu (Ampelopsis brevipedunculaia (Max.) Trautv.) Vladivostoki Botaanikaaias. (A. Zvirgzdi foto.)
	Joon. 6. Jaapani kask (Betula tauschii (Reg.) Koidz.) Tallinna Botaanikaaia dendraariumis. (A. Niiti a foto.)
	Joon. 7. Tšoseeilia (Chosenia arbutifolia (Pall.) Skvorts.) Tallinna Botaa nikaaia clendraariumis. (A. Niitla foto.)
	Joon. 8. Viljuv suuretiivaline kikkapuu {Euonymus macroptera Rupr.) looduslikul kasvukohal Sahhalini saarel Korsakovi linna lähedal, (A. Zvirgzdi foto.)
	Joon. 9. Laisulgjas leeder (Sambucas latipinna Nakai) Tallinna Botaanikaaia dendraariumis. (A. Niitla foto.)
	Joon. 10. Amuuri pihlakas (Sorbus ainurensis Koehne) Tallinna Botaanikaaia puukoolis. (A. Niiti a foto.)
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	Рис. 1. Количество митозов на один корешок. Рис. 2. Частота хромосомных аберраций при совместном действии у-облучения и этиленимина.
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	Рис. 1. Потребление 02 чистопородными и ломес ными цыплятами.
	Рис. 2. Выделение С02 чистопородными и помесными цыплятами.
	Рис. 3. Дыхательный коэффициент у чистопородных и помесных цыплят.
	Рис. 1. Влияние pH на активность АТФ-азы KCI-экстрактов мышц рыб
	Untitled
	Рис. 3. Влияние температуры на АТФ-азную активность KCI-экстрактов мышц рыб
	Untitled
	Зависимость длины крыла Drosophila melanogaster от температуры развития.
	Scheme I. Situation of the localities Estonia: 1 Kingli, 2 Puhtu, 3 Tuhu, 4 Naissoo, 5 Tooma, б Saare, 7 Konguta, 8 Tartu, 9 Reola, 10 Järvselja, 11 Taevaskoja, 12 Sõmerpalu. Latvia: 13 Talsi, 14 Lake Lubana. Lithuania: 15 Lake Zalva, 16 Tverai, 17 Saugai, 18 Pagegiai, 19 Lake Žuvinta, 20 Birštonas, 21 Forest Punia, 22 Trakai, 23 Vilnius, 24 Druskininkai.
	Fig. 1. Plastophora sicaria Colyer, $, hypopygium: A left side, В right side.
	Fig. 2. Plastophora sicaria Colyer, S, wing.
	Fig. 1. Polyacrylamide gel electrophoretic patterns of seedling acid phosphatases for various wheat taxa. Enzymograms: a T. monococcum L., b T. boeoticurn Boiss., r. T. thaoudar Reut., d. T. dicoccum Schrank, e T. durum Desf., f T. persicum Vav., g T. turgidum L., h T. polonicum L., i T. timopheevi Zhuk., j T. macha Dek. et Men., k T. spelta L., / T. vavilovii Jakubz., m T. sphaerococcum Perc., n T. aeslivum L.
	Fig. 2. Polyacrylamide gel electrophoretic patterns of seedling esterases for various wheat taxa. Designations of the enzymograms see under Fig. 1.
	Fig. 3. Polyacrylamide gel electrophoretic patterns of seedling peroxidases for various wheat taxa. Designations of the enzymograms see under Fig. 1.
	Fig. 4. The artificial synthesis of acid phosphatase patterns of the tetraploid and hexaploid wheats. Enzymograms; a T. boeoticum Boiss., b T. thaoudar Reut., c A. speltoides Tausch, d T. boeoticum + A. speltoides, e T. thaoudar + A. speltoides, f T. dicoccum Schrank, g T. persicum Vav., h A. squarrosa L.. i T. dicoccum + A. squarrosa, j T. persicum + A. squarrosa, k T. sphaerococcurn Perc., I T. aestivum L.
	Joon. 1. Rutiini pimedusliku biosünteesi kineetika sõltuvus induktiivse valgustuse kestusest. Valguse intensiivsus 27 300 erg ■ cm—2 • • see—1.
	Joon. 2. Kõikide variantide keskmine rutiinisisaldus teatud ajamomendil valgustamise algusest arvates. Diagrammi all on joonega ühendatud keskmised, mis Duncani testi alusel omavahel oluliselt ei erine.
	Joon. 3. Rutiini biosünteesi kineetika 3-, 12-, 24- ja 48-tunnise valgustuse korral. Valguse intensiivsus 27 300 erg • cm—2 • see—1.
	Joon. 4. Rutiini lõpphulk 28 ja 54 tundi pärast valgustamise algust, sõltuvalt valgustuse kestusest. Valguse intensiivsus 27 300 erg • cm—2 • see-1.
	Joon. 5. Rutiini pimedusliku biosünteesi kineetika sõltuvus valguse intensiivsusest. Induktiivse valgustuse kestus 5 tundi.
	Личинки галлиц на уредопустулях Puccinia menthae (фото П. Нурмик).
	Рис. 1. ’Академик Н. И. Вавилов’
	Рис. 2. ’Иру’
	Untitled
	Kolme katseaasta (1964—1966) keskmine võrsete arv 100 cm2 kohta eri murusegude puhul. Joonega ühendatud katsevariantides statistiliselt olulist erinevust rohukamara tiheduses ei leitud.
	Fig. 1. The reversion character can clearly be seen in the first published drawings of the changed black-currant flowers (Ritzema Bos, 1904) already; 1 normal flower with broadcampanulate receptacle and clearly inferior ovary; 2 a slightly changed flower where one can still see stamens; 3, 4 the typical reverted (“female ) flowers with a superior ovary (especially on 4).
	Fig. 2. Reverted flower with leafy pistil; stamens are missing.
	Fig. 3. Changed flower primordia in various developmental stages. (Note the spiral development and arrangement of the changed flower parts.) (Enlargement 205 X.)
	Fig. 4. The normal flower primordia with well-developed stamen primordia and primordium of stigma-style in every flower primordium The petal and sepal primordia are less developed. (Enlargement 215x.j
	Joon. 1. Maisi floeemi raku lõik maisikääbususega nakatatud taimest. Mükoplasmataoiistes moodustistes on märgitud heledamad tuumataolised alad (N). Suurend. 40 000X. (Granados jt. järgi, 1968.) Pnc. 1. Срез клетки флоэмы кукурузы, пораженной карликовостью кукурузы. В центре микоплазмоподобных тел отмечены светлые ядровндные зоны (N). Увел. 40 000 X (по Granados и др., 1968). Fig. 1. A section through phloem tissue cell of corn plant infected with corn stunt. Mycoplasma-like bodies show a central nucleus-like area (N). Magnif. 40 000. (From Granados et al., 1968.)
	Joon. 2. Lõik pahklesla Cecidophyopsis ribis kudedest struktuuriga, mis morfoloogiliselt on identsed mükoplasmataoliste moodustistega. Pahklest on kogutud mustasõstratäidisõielisusega nakatatud taimelt. Suurend. 32 000 X. Рис. 2. Срез тканей галлового клеща Cecidophyopsis ribis со структурами, морфологически идентичными с микоплазмоподобными телами. Клещ собран с черной смородины, пораженной реверсией. Увел. 32 000 X. Fig. 2. A section through gall-mite Cecidophyopsis ribis tissues shows the structures morphologically similar to the mycoplasma-like bodies. The gall-mite collected on black currant infected with black-currant reversion. Magnif. 32 000.
	Рис. а накопление антоцианов в гипокотилях проростков гречихи при 6-, 12-, 24- и 48-(постоянном) – часовом освещении; стрелочкой указан момент прекращения световой обработки; б количество антецианов, образовавшихся в гипокотилях к концу 48-часового периода при экспозициях разной продолжительности.
	Кардиограммы сердца лягушки по методу Штрауба при добавлении в перфузиониый раствор; a: f экстракта грязи в разведении К)-I', j вымывание препарата; б: 1 адреналина 10-9, 2 адреналина 10-9 и экстракта К)-8; в; 1 адреналина К)-7 и экстракта 10-"’, 2 адреналина 1C-6 и экстракта 10-8.
	Untitled
	Рис. 1. Район исследований. Черными кругами обозначены места сбора материала.
	Рис. 2. Javesella simillima (Lv.) $: А генитальный сегмент справа (увеличение (52Х); Б генитальный сегмент сзади (82Х); В эдеагус и анальная трубка слева (112 X); Б этеагус снизу (112Х); Д грнфелек слева (112 X).
	Рис. 3. Lebradea flavovirens (Gil. & Bk.); A генитальный сегмент самца справа (52 X); Б субгенитальная пластинка и генитальные пластинки (вправо сверху, влево снизу) (82 X); Б эдеагус справа (150 X); Г эдеагус снизу и сзади (150 X): Д конец грифелька сверху (150 X): £ коннектив (122 X); Ж – конец отростка боковой лопасти (150 X); 3 задний конец брюшка самки (26 X)-
	Рис. 4. Hardya taimyrica n. sp.: А генитальный сегмент самца слева (82 X); Б субгенитальная пластинка и генитальные пластинки (82 X); В генитальные пластинки и грифелькн сзади (82 X); Г эдеагус слева (250 X); Д эдеагус сзади (250 X); Е грифелек сверху (82 X); Ж конец грифелька снизу (122 X); 3 коннектнв (122 X); II отросток боковой лопасти пигофера (150 X); Я задний конец брюшка самки (26 X)- 2*
	Рис 5. Cicadula borealis n. sp.: A генитальный сегмент самца слева (82 X); В субгенитальная пластинка и генитальные пластинки (82 X); В эдеагус слева (150 X); Г эдеагус сзади (150 X); Д грифелек сверху (82 X); Ь конец грифелька сбоку (150 X); Ж задний конец брюшка самки (31 X); J Vii стерпит брюшка самки (46 X)-
	Рис. 6. Моховая тундра ус. Устье Агапы. Биотоп Streptanus arctous, Javesella obscurella и J. simillima.
	Рис. 7. Пояс пушицы (Eriophorum angustifolium) в моховой тундре. Биотоп Javesella simillima.
	Рис. 8. Кустарниковая тундра в окрестностях Талнаха. Биотоп Notus flavipennis, Doliotettix pallens и Cicadula borealis.
	Рис. 9. Вырубка (трасса) в кустарниковой тундре. Биотоп Javesella forcipata, Errastunus ocellaris, Lebradea flavovirens, Roseaus cruciatus и Psammotettix alienus.
	Untitled
	Рис, I. Спектр поглощения красного фильтра.
	Рис. 2. Изменение содержания антоцианов в / семядолях и 2 гипокотилях при продолжительном непрерывном освещении. Интенсивность освещения 38 вт/м2.
	Рис. 3. Световые кривые накопления антоцианов в семядолях при I непрерывном и 2 прерывистом освещении и в гипокотилях при 3 непрерывном и 4 прерывистом освещении. Прерывистое освещение: один световой импульс длительностью 5 мин/ч.
	Рис. 4. Накопление антоцианов в зависимости от длительности световых импульсов. Общая световая обработка 24 ч: 1 семядоли, интенсивность освещения 43 вт/м2\ 2 семядоли, 5 вт/м2\ 3 гипокотили, 43 вт/м2.
	Рис. 5. Зависимость темнового образования антоцианов в семядолях от продолжительности предшествующего освещения. Интенсивности освещения: I 60 вт/м2\ 2 20 вт/м2; 3 5 вт/м2.
	Joon. 1. Lehepindala ja klorofüllisisa 1 dus odra sortidel. Sordid on esitatud samas järjekorras nagu joonisel 2. (Analüüsi kuupäevad olid; i— 7. vi, 2 15. vi, з 23. vi, i— з. vii, 5 —l3. vii, e 21. vii.)
	Joon. 2. Eri odrasortide biomass ja kuivaine vegetatsiooniperioodil {lO taime kohta g-des): 1 ’Maja’, 2 ’Ara’, 3 ’Aisa’, 4 nr. 5741, 5 'lsaria Nova’, 6 ’Foma’, 7 ’Amsel’, 8 'Breuns Visa’, 9 ’Birgitta’, 10 ’Gambrinus’, 11 ’Domen’.,
	Рис. 1. Места сбора образцов хвои на территории Эстонской ССР (обозначения см. на рис. 2).
	Рис. 2. Зависимость веса хвоинок сосны от
	Untitled
	Рис. 3. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов на альварах материка и о. Сааремаа.
	Рис. 4. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов в сфагново-долгомошниковом экологическом ряду.
	Рис. 5. Частные коэффициенты корреляции между весом 100 пар хвоинок и содержанием в них питательных элементов в вересков о-лишайн и ково-брусничном экологическом ряду.
	Рис. 6. Зависимость между весом хвоинок и концентрацией в нич азота в зонах острой и недостаточности в азоте в некарбокатных местопроизрастаниях (обозначения см. на рис. 2).
	Рис. 1. Блок-схема установки. 1 источник высокого напряжения: 2 ФЭУ, защита; 3 катодный повторитель; 4 усилитель; 5 анализатор; 6 пересчетное устройство.
	Рис. 2. Схема включения ФЭУ.
	Рис. 3. Комбинированная цилиндрическая защита. 1 стальной кожух с кюветой, ФЭУ и делителем напряжения; 2 ртутный экран; 3 свинец.
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	Рис. 5. Зависимость скорости счета фона и чистого счета «современного» препарата от объема сцинтиллятора. I и 2 для сцинтиллятора № 1, 3 и 4 для сцинтиллятора № 2.
	Рис. 6. Зависимость максимально определяемого возраста от объема сцинтиллятора № 1 (/) и № 2 (2).
	Зависимость веса цыплят от дозы облучения яиц перед инкубацией. По оси абсцисс доза облучения. По оси ординат средний вес цыплят в месячном возрасте по сравнению с контролем.
	Изменение радиочувствительности семян рапса в ходе набухания. По оси абсцисс время от начала намачивания до начала облучения. По оси ординат длина корней на седьмой день от начала намачивания. Стрелками указаны моменты относительной радиочувствительности. / первая серия, 2 вторая серия. Пунктиром обозначена линия регрессии.
	’Суурупи’.
	Untitled
	1 2 Tig. 1 and 2. Ovaries of reverted black-currant flowers growing on Murashigc-Skoog’s medium, burst, the inside revealing numerous seed-like bodies.
	Рис. 1. Усыпление пчелы в замораживающем столике микротома.
	Рис. 2. Усыпленная пчела в трубке-держателе. Иглой указано место расположения стигмы.
	Рис. 3. Игла введена в стигмальное отверстие.
	Рис. 4. Манипулирование с усыпленной пчелой под бинокулярным микроскопом.
	Untitled
	Рис. 1. Сезонная динамика индекса печени леща в течение года.
	Рис. 2. Уменьшение индекса печени леща в мае.
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	Joon. 1. Entomoloogilised püügipunktid madalsoodes: • üksikud püügid, □ Avaste soo püsivaatluspunkt, о Emajõe suudmeala luhasood.
	Joon. 2. Rohurinde ämblike jaotumus dominanlrührnadesse Avaste soos 1952. a.
	Joon. 3. Rohurinde ämblike arvukus (skaala vasakul) ja jaotumus vanuserühmadesse (skaala paremal) Avaste soos 1952. a. Jäme joon ämblike koguarv, peenike joon täiskasvanud isendite arv (6' 9), katkendlik joon noorloomade arv (juv.). Viirutatud ala täiskasvanud isendite hulk °/0-des, viirutamata ala noorloomade hulk %-des.
	Joon. 4. Muutused Avaste soo rohurindes domineerivate ämblikuliiikide arvukuses 1952. a.
	Joon. 5. Muutused Avaste soo rohurindes domineerivate ämb'likuperekondade arvukuses 1952. a.
	Joon. 6. Ämblike arvukuse ööpäevane dünaamika Avaste soo rohurindes 1952. a.
	Joon. 7. Püünisvõrguga ja püünisvõrguta saaki püüdvale ämblike arvukus (skaala vasakul) ja jaotumus (skaala paremal) Avaste soo rohurindes 1952. a. Pidev joon püünisvõrguga liigid, katkendlik joon püünisvõrguta liigid. Viirutatud ala püünisvõrguga ämblike hulk %-des, viirutamala ala püünisvõrguta ämblike hulk %-des.
	Untitled
	Joon. 8. Ämbliike jaotumus sugukondade järgi: A rohu rindes (Avaste soo, 1952. a.), В sarnblarindes (kõik püü gid 1951.—1953. a.).
	Fig. 1. Polyacrylamide gel electrophoretic patterns of kidney bean acid phosphatases (Л), esterases {B), and leucine aminopeptidases (C). Enzymograms: a ungerminated seeds, b the seeds imbibed in aerated water for 48 hours, c the control for seed without added substrate, d cotyledons, e leaf, f stem, g roots.
	Fig. 2. Polyacrylamide gel electrophoretic patterns of anodical peroxidases (A), cathodical peroxidases (5), and anodical nadi-oxidases (C). Designations see under Fig. 1.
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	Statistics for the fitted regression line of the form y=a+bx: Slope, 6 = 0.881 Intercept, a =1.90 Standard deviation of the slope, sb = 0.008 Standard deviation of the intercept, se = 2.46 = 110.12 ta =0.77 * Here and in the corresponding column of Tables 4 and 5 the amount of rutin is expressed as the theoretical concentration of the substance in the final solution for spectrophotometric measurement.
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	Примечание: Размеры даны в процентах от длины тела (/), диаметр глаза в процентах от длины головы.
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	Рис. 4. Дифференциальные спектры «современного» (/) и фонового (2) препаратов бензола. U{ нижний, U 2 верхний порог дискриминации; площадь N 0 чистый счет «современного» и фонового препаратов.
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