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ABSTRACT

A detailed macro and micromorphological
study of the leaves of Khaya senegalensis
A. Juss 18 given to facilitate their tden-
tification either in the entire or in the

powdered form. Moreover, § compounds have

been isolated ¢:d proved to be =—amyrin,
g-amyrin, B-si.csterol, quercetin and rutin,

The fatty acids were converted t their
methyl esters :nd analyzed by G.L.C. In
addition, a cehromatospectrophotometrie method

was adepted for quantitative egtimation of
these flavonoids. -

INTRODUCTION

Khaya senegalensis A. Juss (Fam: Meliaceae) is a tree

commonly growing in tropicel west Africa, Sudan and Uganae,

newly introduced 1into aupper Egyptl. Khaxaksenegalensis P

Juss is an important tree in West Africa where it ylelds a

|

good African.. Mahogany wood1’2. The plant is reported to ..

be used widely 1n Folk medicine as fibrifugeg, antimalarial
3,4

, and also 1n the treatment of stomach disorders and
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venereal diseases ? .,

Chemically, some . authors reported the_péesence of
6 ' '
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tannin , .elkaloids » Dimbosterol, n1mboster1n7 and

3
gul .

Reviewing the current literature revealed that Dboth
~botanical and chemical st&df of the leaves were incomplete
and fragmentaryz"g.. Therefore, it was deemned of interest
to carry out a comﬁrehenﬁive botanical and chemical study

ca the leaves of the Egy:.cian plant.

EXPERIMENTAL

Plant Material:

Fresh leaves of K.r:negalensis A. Juss growing 1in
di ffeaent places at Aséiut'were collected in April 1981,
The identity of the plant was kindly confirmed by Dr. A.
Fayed, Dept. of Botany, Faculty of Science, University of

Assiut.

l- Botanical Study:
a-— Macromorghology:
Khaya senegalensis A. Juss is an erect peremnnial
tree attains up to 25 m. in height. The plant have
deciduous leavei, usually present at the ends of bra-

‘nches. The plant blooms in summer, in axillary pani~
cles. The flower is whitish in colour with red disc
around the ovary. The fruit is globose, woody, L-val-

ved, persistant ca:. ule. The seeds are flat, oblong-

I i S S - -
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eleptic and winged
ihe leaf:

Ihe leaf (Fig. 1) is compound, paripinnate, hernate,
petioiate, 15-35 cm. long and formed of 6-12 leaflets. The
lamina of ¢t 2 leaflet is oblong—elliptic, 5-10 cm. lang,z.ﬁ-
b cm, wide . It is pale gree in colour with glabrous sur-
faces, entire margin, abrubtiwv pointgd apex, papery texture

anc gsymmetric base,

o g~y

The Lamina:

A Ltransverse section in the laminé through the
midrib (Fig. 2 A) appears oval to slightly biconvex
in outline in the midrib region. It shows an upper
and lower epidermises enclosing inbetween = dorsivé-
ntral me30phyli which is replaced in the midrib reg-~

ion by the vascular strand and the cortical tissue.

curved to slightly wavy anti-linal walls and have
thick, smooth Euticlen The upper epidermal cells
measure 25-70 y 1in length, 20-35 p in width and 20-
38 . .in height. The lower eplidermal cells measure,
T-k5 uw in length, 8- -20 u in wldth and 10- 22hu in
height. The upper and lower r=ural epidermal cells
are axially elongated with n-arly stralght anticli-~
nal walls. The upper neural -pidermis measure 20-

45 p in length, 10-30 u in width and 15~25 u in

height and the lower neu¥al epidermal cells measure

25-65 u in length, 10-55 u in width and 10-25 u 1n.
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height.

Stomata of anomocytic type are drstributed on the
lower surface, being oval, occasionally rounded 1in

shape, surrounded by 4-6 cells and measure 20-35 u 1in
diameter. The stomatal index vary from 7-9.
Smal. cluster crystals of calcium oxalate, mea-

suring 8~-18 u 1in diameter are preseﬁt 1in some cells

of botn upper and lower epidermises, Covering tri-

comes &re absent. o

The mesophyll (Fig. , A,C) consists of 2 rows of

palisade cells next ¢o the upper epidermis only. The | ]
cells are columner in shape and those of the upper

row are longer than those of the inner one. The pali-

sade ratio is 3-3.7. The spongy tissue 1s formed of

thin-walled, rounded to ovo1ld parenchyma’occasiona-
l1ly containing cluster crystals of calcium oxalate
measuring 10-25 ; 1: dlameter, | f ; '
The cortical tissue (Fig. 2 A,B) con'sists of an
upper and lower subepidermal masses of colienchyma,
the upper being formed of h-6 rows and the lower of

5-4 rows of cells . The rest of the cortical tisaue

is formed of rounded or slightly irregular parenchy-

matous cells. Some cells of the cortical tissue

contain cluster crystals of calcium oxalate measu- 3
ring 15-30 u in diameter. |

The vascular tissue (Fig. 2 A,B) in the midrib .

is represented by two separate collateral vascular - ;
bundles, the upper of which is inverted. The peri- T
cycle is formed of upper and lower arcs of numerous

groups of fibres teparated by thin walled parenchyma.,
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The fibres have moderately thick, lignified walls,narrow
or wide lumena and blu-:t or'forked'tips méaSuring.SEO-

850 p in length and -¢-20u 1n width,

The phloem cons.ats of thin walled soft celiuloc-
sic elements containing occasional small clusters of

calcium oxalate measuring 5-12 u in drameter.

Thé xylem 1s radiating, ccmposed of vessels, fibres
andi wood parenchyma eaud traverﬁed by uni-or biseriate
medullary rays. The vessels are lignified with spiral,
annular rarely_pitteﬁ and reticulate thickening, mea-—
suring 7-50 u in diesmeter. The wood fibres have thin
or moderately thick lignified walls, narrow or wide
lumend eng blunt or tapering ends, measuring 610-900 y 1in

length and 10~-38 w in width.

the Petioclule:

A transverse section of the pebtiolule (Fig. 3 E) 1s more
or less circular in outline. Its structure resembles that
of the lamina in the midrib region but shows =& pericycle
formed of & ring of numerous groups of fibres sepafated.by
parenchyma and a complete ring of vascular tissue surrou-
nding a central pith. - . .

The Rachis

A transverse section in the rachis is neérly circular
in outline (Fig. 3 A) showing an outer epidermis surrounding
the cortex; followed internally by a pericycle formed of
fibres interrupted by parenchyma and enclosing a complete.

ring of vascular tissue with narrow pith in the centre.

The epidermis (Fig. .,C) consists of subrectangular,

axially elongated cells with nearly straight anticlnal
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walls and thick smooth cuvicle. They measure 18-33 u in width
and 15~30 ¥ in height. Stomata and covering trichomes are .

ot observed,

The g¢ortical tissue 1s formed of & continuocus Zone of 3
to 5 rows cf collenchymatous cells, followed by & parenchymsa-
"tous layer with maderat_ely wide intercellu;ar spaces . Numerous
cluster crystals of calcium oxalate are present 1n the cells

cf the cortical tissue, measuring 10-45 p in diameter.

The pericycle is formed of numerous large groups of fibres
forming a ring interrupted by parenchyma. The'pericyclic“
fibres are similar to those of the midrid of the leaves, they

measure 530-840 uy in width.

The phloem consists < thin walled soft shining cellulosic
elements traversed by bi o triseriate medullary rays with
slightly lignified and piicted walls. The vessels are lig-
nified with spiral, annuiar rarely pitted cr reticulate thi-
ckening, measuring 23-80u in diameter. The wood fibres are
straignt or slightly irrégular in outline, They have wide
lumena,tnick lignified walls, showing obligque slit-likepits
and tapering or blunt apices. They measure 560-100C p in
length and 25-48 y in wi:th. The wood parenchyma are nearly
rectangular, axially elongated having pitted lignified walls,

The pith consists of large, thin-walled parenchymatous
cells with moderately, wide 1ntercellular spaces. Numerous

cluster crystals of calcium oxalate are present i1n the pith.

Powder :

I'nhe powdered leaf 1s pale green 1n colour with faint i_*

odour and a bitter taste. It shows:
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Fragments of the epidermis consisting cf polygonal

cells with nearly straight or curved toO slightly

wavy anticlinal walls, a smcoth cuticle and showing

&nomocyaic stomata and small cluster crystals of

calcium oxalate.

Fraugzuents of the epidermis of the neural region or
of the rachis, formed of polygonal, axlally elon-

EatEd CEllS-

Fragments of spi. .1, annular rarely pitted and
reticulate vesse ...

Fragments of collienchymatous and parenchymatous
cells of the cortical tissue, occasionally cont-~

aining cluster crystals of calcium oxalate.
Fragments of the lamina snowing palisade cells,

Fragments of wood parenchyma of the rachis formed

of axially elonguted cells with pitted lignified

walls.

fumerous fragments of fibres with lignified wvalls

pnarrow or wide lumena and acute, blunt or forked

aplces.

Fragments of the wood fibres with thick ligni-
fied walls, wide lumena, tapering Or blunt apices
siowing oblique slit-likepits.

sumerous free cluster crystals of calcium oxalate.

Sclereids and trichomes are absent.
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11~ Chemical Study: o )

» - » H‘ » |
Preliminary Ph},rtw:::»chem;u.calF Examination:

The preliminary phytochemical studies of the

ieaves of K. senegialensis A. Juss. proved the pre-

sence of sterois a.Jfor triterpenes, flavonoids,

tannins & d carbohjdrates and/or glycosides.

pxtraction and ¥Fractionation:

The air-dried powdered leaves of K.senegalensis A. Juss

(5 Kg.) were successively .extracted with pet.ether(b.r.60-
o ‘ _
80 C), chloroform and finally ethanocl 70%. Each extract was

separately concentrated ur er reduced pressure and fraction-

ated as follows:.

Study of Lipids:
The pet. ether extract (20 g.) were subjed%ed to the

usual method of saponification using 0.5 N alcdholic KOHIO

The unsaponifiable matter after evaporation of ether
was screened on silica gei .k, Merck) plate using chloro-

form—methanol (99.5 0;5) as & solvent system and metha-

nolic sulfuric acid for location of spots (after heating at

110° for 5 min).

Only 7 spots were located, three of them have Rf values

similar to authentic of «-amyrin (R_, 0.48), B-amyrin(RfOJdﬂ
and B-sitosterol (Rf 0.3C).

The unsaponifiable icttter was fractionated on a column

f

of neutral alumina and eluted with pet. ether and then pet,ether o

containing increasing amounts of ethyl acetate wviz. 5,10
and 40% to yield e-amyrin (123 mg, m.p. 183-186°C), B-amyrin
(58 mg, m.p. 197-198°C) and B-sitosterol (180 mg, 135-138°C).
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the 1.R., m.p. and mixed m.p. of the three icompounds

. were found to be identical with those reported for auth-
entic «—amyrin, B—amyrin and B-sitosterol.

Fatty Acids: T

The mother liquor afte: extraction of unsap. was ren-—

-dered cidic with dil. hydrochloric acid and extracted

with ether (6 x 200 ml) to give the free fatty acids.

Methylation of the fatty acids was done using methanol
) . _ _ 71 .

- and sulfuric acid™ ., The -methyl esters were extracted wi.h

| ether, concentrated and analysed by GLC (Pye unicam GLC
. Model 64, Series 104k, England, equiped with a dual flame
ionlisation ,deditor.) y “dopting the ollowing spera-
ting conditions: ' o - *
- _ - Column/coiled glass, 2 m long, 5 mn.

10% polyethylene glycol 2diw:t¢ on chromosorb P (60-80

mesh), column temp. 190°C, injection port temp 220°C, det-

1.4d., packed with

ector temp. 25000, the flow rates of Hydrogen, alr and

nitrogen were 50, 400 and 45 ml per minute respectively ,
chart speed 5 mm/min.

Qualitative 1dentific«tion was based on the relative

time of the resolved peuks compared with the authentic

samples analyzed under the same conditions.
Quantitative analysis was based on the internal nor-

malization method using the pesk area measured by trian-
gulation.

The results are list::d i1in Table 1

-
_—
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Study of Flavonoids:
A- Chloroformic Extract: - ' . -

il

. § r

TLQ of the chloroférmiC'extract of the air dried'
leaves on silica gel G plates using chloroform-methaﬁol~
formamide (£0:19:1) as afﬁp;yent system I and alumin-
ium chioride in ethanol as spraying reagent for locaticn
of th? spots . after heating at lOOofor 5 min.) revealed
the presencc of only one spot Rf(O.SO).
Isolation and purification of this flavcunoid was achi-
eved by small column chromatcgraphy (silica gel for column,
Merck ) eluﬁed with ch%eroform—methanol mixture. The eluate :
chloroform 10% was coﬂcentrated'under reduced pressure
and the residue was diﬁsolved_in methanol 70% and left
for crystallisation, where yellowish crystals were obtained
m.p. 316-318°C, U.V. (MeOH) 255,370 nm; + NeOAC 272,382
nm; + NaOAC/H3B03262,293 nm, + AlCl3 269, 337, 458 nm.
These properties were found i1deuntical with those reported
for quercetin? The idec itlity was further confirmed by means
- of co~-chromatcgraphy ....d mixed melting point with authentic

gquercetin .

B- Alcoholic Extract: P
TLC of the alcoholic extract on silica gel G plates

using solvent system I and alSo paper ﬂhromatOgraphylon
Whatman No. III using n-butanol—-acetic acid-water( h:l:E)_y
as solvent system (system 2) revealed the presence ofcmlyﬁ
one spot having Rf£0‘16 & 0.55) respectively.

Isolation of the flavonoid was achlieved by concentra-
tion of the alcoholic extract under reduced pressure and
the residue dissolved in acetone-water mixture (3:1) aud

left over—-night, where amorphous yellowish substance was

left out. The amorphous substance was filtered off and
k4
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crysyallised frqm methanql'to yield yellowish white crystals,
m.p. 193-195°C UV % __ (MeOH) 258, 265 sh, 360 nm. + NaOAC
272, 381 nm; + HaQAC/H350 266, 384 nm.; + NaOAC 275, 421 nm;
+ Al C1_ 275, 433 nm.

3 _
This compound was identified a&s rutin by direct comparison

3

wvith authentic rutin sample and by the detection of quercetin,
rhamnose and glucose after hydrolysis.
Quantitative Study:

A~ Ea;fmatiéh”of Total Flavonoids Calculated as Rutin:

Iwenty grammes of the air-dried powdered leaves (P )were

successively extracted with pet.ether(b.r.kO—GOO),chloro-
form & methanol in s.oxh'l;:t &pparaﬁus. The methanolic ext.
wvas conceﬁtrated t_.o 25 1n1(Vv), O._.2 ml.of the ext.(Vl) was
chrmoetographed on PC(3 MM) using system n-butanol:acetic
acid:water(4:1:2), Flavonoidal spots were cut; eluted with
methanol and the eluate wvas concenfrated to 25 ml (W),Ime
abscorbanc of fhe eluafe‘was aetermined at 359 nm, and the
corresponding concentration{(C, mg%) was calculated from
the standard curve of rz,;tinT Percentage(g? w/w)of total

’ flavonoids(X) calculated as rutin wvas deduced from the

v "3
o+

X = W.C.V., 100

P;Vi.E. 1000
where Espercentage of elution of rutin from PC and was

equation:

found to be 80,0%7

B~ Estimation of Rutin:
Following tﬁ.e same pxocedure for total flavonoids, elution was

done only for the spot corresponding to rutin (spot with RfO.SO).
The sbsorbance of the eluate was determined at 359 nm.

Percentage of total flavonoids was found to be 0.55 g% w/v,
y Percentage of rutin was found to be 0.45 g% w/w.
' It is clear that the }1evonol rutin is the major constitueav
since it constitutes about i:'% of the total percent of flavonoids

of the leaves.
The assesy was done in tiiplicate.
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Fatty acids,

Table 1:

compoition,

Peak No.,

= w N

\=1
s

O™

, (e

4
i

thelr relative retention times and approximate percentage

Fatty acids

Linoleic

Linolenic

Tl T,

SO el

f ] iw

L e Sl

p % of Fatty actids

Scampiiaainscamimraryyeie i L Y

0.13 25.20
0,38 - 10,08
1.00 33.61
1.20 | traces
1.5 3.36
1.9 -~ L,20
2.3 - 23,52

of mmwawﬁwn acid
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Fig. 1l: The leafl. X 3
l., leaf; 1lt., leaflet; e., petiolule; ra., rachis,
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Fig. 2: The Leaf | - T
Diagreammatic K£.8. of the leaflet X 17 - o
Dstailsd T.8, of the lamina X 210 X
Upper epidermie of ths lamina X 210
Lover epidermis of the lamina X 210
Upper neural epidermis X 210
l<aver neural epiderais X 210
lsclated elements of the leaf X 210

ca.0x., calcium oxalatr crystals; col., collenchyma; l.e¢p., lower
epidermis; pal., pali ‘=2 tissue; p., parenchyma; per., pericycle;
p.Lo, Pperiryclic rib; ph., piuluenm;, pl., pith; sp.t., B8pongy 1=
ol U ifiey UppET o ermisg; v., v-sdels; w.f., wood fibre; Y.,
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Fig. 3: A. Diagrammatic T.S. of the rachis
B. Detailed T.8. of the rachis
Co. Burface preparation of the rachis
D. Ilsolated clements of the rachis
E. iagreammatic T.5. of the petiolule
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CBeOX., calcium oxalate; cb. cambiwa; col., colienchyms; ep.,
epidermis; m.r., medul -y, ¥ay; par., perenchywc. per., pericycle;
P.f., pericyclic fibse,; pbl, phicem; pi., pith; v., veapel; w.rf,,
wood fibae; w.p., wood perenchyme; xy., xyiem.
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