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In almost all pharmacopoeias, Valeriana root figures as an official and
frequently used drug. Its anatomical structure was discussed already in the
last century, among othersby van Thiegem (9), Meyer (4), Zach a-
rias (13)and, at the turn of the century, by Vidal (12)and Tschirch
(10). As to the structure of the root, research workers have thrown light on
many interesting details; however, our knowledge of the Valeriana root struc-
ture cannot be regarded as complete, particularly as far as certain matters of
detail and differences among root types and species are concerned. In the
meantime, some of the described partial results even have fallen into oblivion,
as shown by descriptions in many pharmacognostic text-books of the last
20 years, and in anatomical characterizations of the Valeriana root published
in one or the other pharmacopoeia. In these books the various root types of
Valeriana are not specified and the root is characterized as triarch-pentarch.
Such descriptions may lead to misinterpretations, and indeed did so on the
occasion of some drug examinations. In order to eliminate such misinter-
pretations, we are going to review the histological conditions of the Valeriana
root built up of consolidated tissues, as the first of our histological and histo-
genetic observations on three Valeriana species.

Material and Method

We have used for our examinations the root material of V. officinalis
L. ssp. collina (W allr.) Ny man, V. officinalis L. ssp. exaltata (M ik a n)
S o 6 and V. sambucifolia M1ik an, grown in the Botanical Garden of Eotvos
Lordnd University. Immediately after collection, manual sections were made
from part of the roots, stained with toluidene blue and fixed in glycerine-
gelatine. Other roots were fixed in Bouin mixture (6); for microtomic
serial sections vesuvine malachite green was used. The photographic records
were made with the aid of planchromate eyepieces and objectives.
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Results
Main root. — Although the main root of Valerianae is of no practical
importance, — we still brief reference should make to its histological condi-

tions, since in most cases the main root subsists even after the roots of shoot
origin are fully developed (8) and can thus occur in examinations of the drug.
In literature, the main root of Valeriana is mentioned by van Tieghem
(9) only. According to our examinations, the main roots of all three species
observed are of diarch structure, but the two xylem bundles merge into the
vascular tissue described by Vidal (12) only in the zone above the root tip,
while further upwards there is pith tissue between them. In the primary xylem
bundles, under the protoxylem usually pressed together, some tracheae and
tracheids come into being. The primary phloem bundle consists of a small
number of sieve tubes and companion cells with thin walls and small lumina.
After the consolidation of the primary bundles the formation of the lateral
roots of a diarch structure sets in. In the main root, under the crumbling
rhizodermis, similarly to the roots of shoot origin (see later), a characteristic
hypodermis develops; however, in the case of the main root, no oil secretion
was observed therein. In the cortical parenchyma, not more than 6 —8 cell-

rows broad, there is hardly any starch accumulated. The primary endodermiso
is Casparian. On some main roots, immediately under the root-neck, triarch
and even tetrarch structures were observed. In case of longeval main roots, a
secondary thickening may also occur. (Photo 1.). In the structure of the main
root. of the three examined species no substantial anatomical differences wer
found.

Photo 1. V. officinalis ssp. exaltata, secondarily thickened main root,
transection. Oc. 6. 3 Obj. 16
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Fig. 1. A) Root of shoot origin of V. officinalis ssp. collina. 1 :1
B) Schematic drawing of transections made of various levels of the root. 50 : 1
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Primary formation of roots of shoot origin. — As already referred to, the
roots of shoot-origin constributing the drug are described in most of the tech-
nical books as being of tri-pentarch structure, although van Thieghem
(9) already points to the number of bundles decreasing towards the root tip.

Photo 2. V. officinalis ssp. exallata, transection of a young root of shoot
origin from the zone under the stock. Oc. 6. 3, Obj. 16

According to our examinations, the roots of shoot-origin of the species of
Valeriana are similarly to the main root diarch immediately above the root tip.
In this region the xylem bundles are usually merged into one another, with no
pith tissue between them. Further upwards the number of bundles gradually
increases and so does the basic tissue stock of the stele too. The pith tissue,
containing not much stored starch appears; the xylem bundles become gra-
dually detached from each other, the ray widens out, while in the uppermost
zone of the root, 6 to 12 primary xylem and/or phloem bundles are arranged aro-
und the broad pith tissue (Fig. 1.). What is described in literature as tri- or
pentarch applies thus only to a certain zone of the root. The primary vascular
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tissue system of the xylem bundles consists of 3 —5 tracheae of big lumina,
pitted, with spiral and ring-type thickening and simple perforation, as well
as of 6 — 8 tracheidae, all arranged under protoxylem elements of small lumina;
no parenchyma formation was observed in the primary xylem. The phloem
consists of some sieve tubes and companion cells of small lumina, with no
supporting element appearing during the whole course of development. The
formation of lateral roots begins after the consolidation of the primary bund-
les. The lateral roots are also of diarch structure and can become in dependence
on their thickness, tetrarch at most. There was no secondary thickening to be
observed in the lateral roots. Outwardly the stele is closed by an uniseriale
pericambium. The primary roots have a Casparian endodermis (Photo 2.).
Outside the endodermis follows a wide parenchymatic tissue region with many
schizogenous intercellulars. Very much simple, concentric, secondary starch
of 20—30 u size is stored in the cells. Less frequently though we could also
observe starch composed of a few grains of 8to 12 u size. In all three species
examined, we succeeded in observing in the cortical parenchyma the oil secreted
in the cells with nonsuberized walls, as described by Fridvalszky (2).

Very early, already during the consolidation of the tissue region above
the meristematic growing point, the external cell-row of the primary cortex
built up of wide storing parenchyma begins its characteristic development, as
a result of which a hypodermis comes into being, built up of tight-fitting cells
with suberized walls, 4 or 5 times superior in size to those of the storing paren-
chyma of the primary cortex. The cell-wall structure of these cells was dis-
cussed by Zacharias (13) who has observed a lignine containing and a
cellulose layer inside the suberine layer. The secretion of oil is preceded by the
suberization of the cell-wall. The oil appears in the form of small droplets
which usually merge into 1—2 large drops (Photo 3.). The primary cortex is
covered with rhizodermis, the hairs of which are breaking off very quickly;
in the basal parts of the cells some suber and subsequently lignine is deposited.
This basal part of disintegrating rhizodermis cells can be observed during the
whole life apan of the root in the form of irregular, decomposed cell-residues.

Comparative examination of the root of the three species revealet diffe-
rences to exist in regard to the number of bundles, as well as to the width of
the pith and of the cortex. These differences were in agreement with the mor-
phological examination of the roots (5—8). In roots of shoot origin of V. offi-
ctnalis ssp. collina immediately under the rise of the root max. 12 primary
xylem, and/or phloem bundles were counted; the width of the pith amounted
here to 18 — 20 and that of the primary cortex, to 30 —32 cellrows. In V. offici-
nalis ssp. exaltata we have found max. 9 primary xylem resp. phloem bundles,
while the width of the pith and of the primary cortex amounted to 14 —16
and 26— 28 cell-rows respectively. The stele of the roots of V. sambucifolia
was at most hexarch, the width of the pith and of the cortex amounted to 7—9
and 17—19 cellrows respectively.

Hiistological conditions of roots of secondary increase. — In the course of
first-year vegetation, the roots of shoot origin of Valeriana do not begin to
thicken until the second half of summer. The beginning of thickening is indi-
cated by the gradual development of the sinuous cambium. Division begins
under the primary phloem bundles, continues above the primary xylem bund-
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les and ends with the division of the primary rays to result in a continuous
cambium (Photo 4.). The starting function of the sinuous cambium follows
the rhythm of cambium development, i. e. new elements are first produced
under the primary phloem bundles: usually a trachea each of big lumen appears
first on both ends of the primary phloem bundle. This process is immediately

Photo 3. V. officinalis ssp. exaltala, transection of young root
of shoot origin, in the hypodermis an oil drop deformed in
the course of the microtechnical procedure Oc. 6. 3, Obj. 40

followed by the abstriction of secondary phloem elements and, towards the pri-
mary xylem bundles, by that of the fundament al tissue. The function of the
root cambium is thus of a heterogenous nature white; the secondary vascular
tissue system consists of collateral open bundles. The secondary transformation
of the endodermis begins also at the time when the sinuous cambium takes
shape. A radial division occurs in some of the cells (Photo 5.), while other cells
of the endodermis are elongating first in a tangential and then, to a smaller
extent, in a radial sense too; further on, their cell wall becomes suberized.
As a final result of the secondary transformation of the endodermis, the strongly
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Photo 4. V. officinalis ssp. exaltata, transection of root of shoot origin: development
of sinuous cambium. Oc¢. 6. 3, Ob. 16

Photo 5. V. officinalis ssp. exaltata, transection of root of shoot origin: radial divisions
in endodermis. Oc. 6. 3, Ob. 16
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elongated big cells with suberized walls are linked up with thin walled cell
chains (Photo 6.). We wish to specially emphasize that, from the very beginn-
ing of the secondary thickening of the roots, no Casparian endodermis can
ever be observed; therefore, all representations or descriptions, mentioning a
Casparian endodermis together with secondary vascular elements, must be
considered as erroneous (e.g. 3.). The primary cortex remains throughout
the entire secondary thickening. Prior to a further discussion of thickened

Photo 6. V. sambucifolia, root of shoot origin, transection: fully
developed secondary endodermis. Oec. 6. 3, Obj. 16

roots, we have to divide the secondary roots into two groups, according to our
examinations, i. e. the so-called storing roots and the tensile roots. Let us
mention that as early as in 1905 Tschirech (10) refers to Valeriana as
having two different sorts of roots of shoot origin; in the subsequent period
however — maybe on account of the contestation by certain authors (1) —,
the two different sorts of roots were hardly or not mentioned at all. In one
of our previous publications (8) we have already discussed the ontogenetic
and morphologic aspects of these two types of root, so we here only refer to
the fact, that in the course of first-year vegetation the overwhelming majo-
rity of the roots is of the storing type, with only a few tensile roots being orga-
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nized in the second half of summer. However, as the plants grow older, the
number of tensile roots gradually increases at the expense of the storing roots,
so that in several years old plants the tensile roots are predominant.

The storing roots are characterized by very wide primary cortex and
excessively thin stele. The ratio of these two tissue regions is usually 4 : 1.
A further characteristic feature is the very slow, protracted secondary thicken-
ing. Sometimes, the sinuous cambium develops already during first-year
vegetation, but in most cases in the second year only, producing only a few
vascular elements during its very slow retarded functioning (Photo 7.). Usually,
some tracheae of big lumina and a few tracheidae are produced under the

Photo 7. V. sambucifolia, transection of storing root: part of stele. Oc. 6. 3, Obj. 10

secondary phloem, consisting of a few sieve tubes and companion cells that
are often pressed together.

There is no typical enporting element to be found in the storing roots.
It should be stressed that the storing roots are never nearly attaining the
thickening of even the youngest tensile roots. The pith tissue of the storing
roots contains also secondary starch. An excessive amount of starch is stored
not only in the secondary endodermis described above, but also in the very
wide parenchymatic cortex. Covered mostly with starch, cells with ethereal
oil contents can also be found in the primary cortex. In the hypodermis there
is much oil, while the cells are usually intact, being covered by the basic part
of the crumbled rhizodermis cells as by a protective tissue.

The tensile roots are characterized by a wider stele within a comparatively
thin primary cortex. The ratio of the two tissue regions is usually 1: 2. The
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Photo 8. V. sambucifolia, transection of tensile root: part of stele.
Oc. 6. 3, Obj. 10

Photo 9. V. officinalis ssp. collina, transection of storing root.
Oc. 2. 5, Obj. 6. 3
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thickening of tensile roots begins very soon and attracts attention with its
extraordinary rapidity. After its development, the sinuous cambium produces
secondary xylem at a high rate and, much slower, some secondary phloem
elements. The phloem of tensile roots consists also of sieve tubes and companion
cells, with no supporting elements either. Secondary xylem elements are abstric-
ted in large number; they consist mostly of big-lumen tracheae arranged in
pore rays, of a smaller number of tracheidae and transitory configurations, as
well as of lignified xylemparenchyma cells. As a contrast to technical literature
(11), we did not find any typical libriform fibre here either. In spite of this
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Photo 10. V. officinalis ssp. collina, transection of tensile root.
Oc. 2. 5, Obj. 6.3

however, the xylem body of the tensile roots is of a considerable solidity,
because the cells of the secondary rays produced above the primary xylem
bundles at the border of the pith and often even the pith itself, consisting of
a few cells only, become lignified in the course of thickening. No stored starch
can be found in the pith tissue of the tensile roots (Photo 8.). As compared to
the storing roots, the starch contents of the thin primary cortex is minimal,
and even this decreases as the roots get older. No ethereal oil was found in the
cortical parenchyma of tensile roots and it was striking to see that the ethereal
oil content of the hypodermis was also much lower than that of the storing
roots. This can be partly explained by the fact that the rhizodermis of tensile
roots is much more worn off than that of storing roots and thus the hypoder-
mis plays rather the role of the exodermis. Consequently we have often observed
the cells of the hypodermis to be damaged and torn. Adapting themselves to
the function of storage or to that of transport and support, the roots of Vale-
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riana are thus of a sharply contrasting structure. In case of the roots modified
for the function of storage, a comparison of the roots of the three species
(Photos 9, 10, 11, 12, 13, 14) has shown only the differences described for the
primary roots. In the tensile roots there were — besides the above-mentioned
differences in width — comparatively less tracheae and more lignified xylem
parenchyma in V. officinalis ssp. exaltata than in the two other species.

Photo 11. V. officinalis ssp. exallata, transection of storing root.
0c.'2.75; Ob): 6; 3

Our observations have lead us to the practical conclusion that the drug
gathered from two-year-old plants is best suited for therapeutic purposes.
The root yield of such plants is already adequate while the overwhelming
majority of the roots is still of the storing type. The storing roots contain
much oil in their hypodermis found to be intact. We were unable to detect
any oil in the cortical parenchyma of tensile roots, whereas it was present in
the storing roots of all three species examined. Although the pharmacological
effect of this type of oil is not yet cleared up, it can be assumed that it is one
of the many components amounting to the effect of Valeriana. Taking into
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Photo 12. V. officinalis ssp. exaltata, transection of tensile root.
Oc. 2. 5, Obj. 6. 3

Photo 13. V. sambucifolia, transection of storing root.
Oc. 2. 5, Obj. 6. 3

15 ANNALES — Sectio Biologica — Tomus VII.
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account the choline and alkaloid contents of the Valeriana root (7) and con-
sidering the anatomical conditions of the two-type root, the storing root con-
taining no supporting elements lends itself much more for development and
obtention of these substances.

Photo 14. V. sambucifolia, transection of tensile root.
Oc. 2. 5, Obj. 6. 3

Summary

Comparative anatomical examinations have been made on fully developed
roots of three medicinal Valerianae (V. officinalis ssp. collina, V. officinalis
ssp. exaltata, V. sambucifolia ). The main root is of diarch structure and per-
sists often after the development of roots of shoot origin is accomplished;
at such occasions, a slight secondary thickening can be observed in a short
zone immediately under the stock. In the hypodermis of the main root there
was no secretion of oil to be observed and the cortical parenchyma hardly
contains stored starch.

The primary roots of shoot origin are of diarch structure above the root
tip; proceeding upwards on the root, the number of xylem and phloem bundles
increases and, depending on the species, the root can be 6—12 archic under the
stock. Besides the number of bundles, we have observed differences among
the three species in the width of the cortex and of the pith parenchyma.
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During the secondary thickening of the roots of shoot origin, at the time
the sinuous cambium takes shape, the initially Casparian endodermis under-
goes a typical change and consists finally of big cells with suberized walls and
of thin-walled cell chains linking them up.

The secondarily thickened roots can be divided into two groups according
to function and structure. Functioning very slowly, the root cambium of the
storing roots produces only a few secondary elements while supporting ele-
ments are cuissing. Storing roots are characterized by a very thick primary
cortex containing much secondary starch and by the thin stele. The average
width ratio of the two tissue regions is 4 : 1. The secondary thickening of the
tensile roots is of a very high rate; at the same time, many tracheae of big
lumen, less tracheidae and transitory configurations, as well as xylem paren-
chyma with lignified cell walls are organized in the xylem within the secondary
phloem that consists of a few cells only. In the course of thickening the pa-
renchyma of the secondary rays becomes also lignified. A thin stele can be seen
within the thin primary cortex of the tensile roots; this cortex is often torn
and contains hardly any secondary starch or none at all. The average width
ratio of the two tissue regions is 1: 2. A comparative examination of the se-
condary roots of the three species has shown that — in addition to the diffe-
rences mentioned in connection with the primary roots — there are less tracheae
and more Xylem parenchyma with lignified walls in the tensile roots of V.
officinalis ssp. exaltata than in the two other species. Taking into account the
two-type roots of Valeriana, the rate and order of development of the roots as
well as their anatomic conditions, we have found the roots of two-years-old
plants to be best suited for drug-gathering.

PE3IOME

Ha pasBuBuIMXCsl KOPHSX Tpex BHOB JieueOHOro jaeilctsust Valeriana (V. officinalis
ssp. collina, V. officinalis ssp. exaltata, V. sambucifolia) Obi11 HamMm npoBeneHs cpaBHUTE. b-
HbIC AHATOMHYECKHC HCCJIC/I0BaHNsA. [IaBHbIT KOPEHb HMEET IBYXJIVUEBYIO CTPYKTYDY, B €I0
THITOJEPME BBLIEICHHE Mac/a HaMi He 00HApY)KCHO, OH YVTh COACPIKHT VIIOXKEHHbUT Kpax-
maj.

IlepBruHbic KOPHH 1100Er0BOI0 MPOMCXOKACHHsI Hajl BEPXYUIKOH KOPHS MMEIOT ABYXJY-
UEBYIO CTPYKTYPY, YHCJI0 APEBECHBIX HIIM yKe 000JI0HHBIX NIYUKOB PAaCcTeT CHI3Y KBEPX Ha KOPHe,
KOpEHb, BO BPEMSI CI'0 BMELIEHHST, MOYKET ObITh 6 — 12-J1yueBbIM, B 3aBUCHUMOCTH OT BHAA. MEXKAY
TPEMST BUAAMH, KPOME YHCJIa IYYKOB, HAMH 00HAPY)KCHA Pa3HHILA B LIHPOTE KOPBI, M CeP/LIECBHH-
HOIT MapeHXHMBbL.

BTOpHYHO VTOJIUEHHbIE KOPHH, HA OCHOBE MX (D)VHKLMH H CTPYKTYPbI, MOYKHO pasouTh
Ha aBe rpynnel. JUisi XpaHsSWHX KOPHei XapaKTepHbl OueHb WHPOKAsi, COAEpPKalLast MHOIO
BTOPHYHOr0 Kpaxmaja nepBHYHAast KOpa, W V3KMil, uyTh VToimaoumiicst crean. Cpeanee

OTHOLIEHHE 00EHX TKAHEBBLIX 00J1acTei paBHo 4 : 1. BHYTPH V3KO#, uyTh XpaHsieii BTOPUYHbII
KpaxmaJjl NepBHYHOil KOPbl TSIFOBBIX KOPHEH BUIEH MHPOKHIT, CHILHO YTOJIUCHHBIT 1 ojepe-
Besiblii creab. Cpejnee oTHomieHne obenx obusacreii TKaHeii paBHO 1 : 2.

C YueToM aHATOMHMYECKOIT CTPYKTYPBI JIBVTHIHOIO KOPHSI BaJIepHaHbl, OTHOLICHHSI pas-
BUTHSI H OYePEeM KOPHEil, KOPHU ABYXJIETHHX 0CO0 HaMM CUMTAIOTCS HAMO0J1ee VAOOHLIMM JIIsI
COOHpaHHst 9TOr0 JieyeGHOr0 pacTeHHs!.

16 ANNALES — Sectio Biologica — Tomus VII.
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