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Propolis, a material obtained from bee hives, has been

A
considered as a bacteriocide in efipirical medicéne, and was

. S ‘ . o
used in the Boer War and the First World War as a disinfect-

[

ant. Since thep, many constituents, mainly flavones and

-

other phenyl derivitives, have been jsolated fram propolis

and 1denfffied, and have been foqu to have’ antibacterial

. . . ¢ . . ’
properties.

L

The present work reports the isolation of a phthg]ate_

diester, which has high anti-mildew activity,.frém fheéch}oré-
. :

form extract of propolis, Column chromatography was used for
separation, and infrared, 1y and 13C nuclear masnétic
reSdh}nce, and mass spectri‘were}pmp]oyed for idehtificatidn.

The proposed ‘formula is CpaHig04¢ molBcular weight

]

390.

©

e

-
-

Further work' on propolis resulted in six separated and

~ . q\'
purified wax esters, with 1ong.31coho1 chains containing var-

Sable numbers of carbon aioms and, possibdy, double bonds.,

o~
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These compounds were separated and subsequei‘rt]y pur1fied by

t~h1n 1ayer chromatography from the hexane extra¢t of propo-—

H,s. Me]tmg po1nts of these esters ranged from 55 to 70°GC..

)

extract of propolis by -thin layer‘chromatography.

K4

‘The, pro-

posed eTementas formula is C31Hg4.

]
’

“y

The above mentioned iéolated-compodnds are only ‘a few

of the many components present, most. of which $fe unident~.
ifiedy due to the _co%np]e_ii’ty of propolis. o
1] z’ .

-

.

One aliphati‘c hydrocarbon .w'as sepdrated fr_'om the hexane

tl'
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1.'\INTRO;QUCTION
1.1 0rigjﬁ and General Charaqterisfics of Propolis.®

- ~

i
'

.~ %

Propolis is a natural material found in bee hivssg Bees

use propolis in a thin layer on the internal walls of the
"."hive or any -other 'cavity théy inhabit.” [t is used to block
holes éhd,cracks, to repair combs and for making the hive

Twe thértight. It is also -employed to narrow the entrance

/

t

for &giie}-defence of the hive.
N S ) ' "
, \Q ' .- .\\\/

S

Apart from the purely'méchan%ca1 use of-the gluelike
and cementing: properties of propolis, its use may also have
bfblogical significance. The emﬁaiminglof an intruder may

serve to containputrefaction and thus to prevent the spread

of infection and diseases. ‘The present author has seen a

N

brown mass gluedin the corner of a hive at the spring

inspection and the examination of the core revealed the

e

presence of the corpse of a‘'mouse. -1t was well preserved
though it had been there since the previous fall, ft geems
that propolis is ﬁesbbnsib]e for ihé 10Qer incidence of
bacteria and moulds within the hi;e than in the atm&?phe(e

outside. The thin layer of propolis provides an impervious
[} : .

fining for the hive which Timits the escape of water vapour

§

- 4 .
needed by the developing brood and maintains a constant e

humidity to keep the honey at the desired concentration.

- Early observers of Hee .behaviour have beén aware of the

|
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plant origin of propolis (1,2,3,4). Thg'plﬁnt'origin of

propolis was -asserted by Rosch (5) in 1927 and again by Van- -

sell and Bisson (6) in 1940. It is now generally accepted

. that beeé collect propolis from various plant sources 1Q the

north temperate zone, particularly speciestof poplar, birch,
¢ .

‘ Vs s B 4 ~ .
elm, alddr, beech, conifer-and horse-chestnut,  Rather lit-.

“

“Its colour varies from greenish yellow to reddish brown. It

. ' . ‘ .
tle is known about these trpeé as the source of propotisWand

even less about the sources of propolis in the tropics.

4
¥

i

Characterigtical]y,fpr0p01}s is a hard and brittle mat- :

“erial when cold, .but soff, pliable and very.sticky when warm.

¢

4

~

is difficult to remove from ‘the human. skin by rﬁbb1ng. It
- , ’ - . 3
deyelops a fine; shiny layer and it seems to interact with

the oils and proteins in the skin. Its pleasart smell re-

~

mains long after it’ has been washed off. Solubility tests
show that it is dlmost fosoluble in cold water but that some
volatile material separates in steam distillation. It is

partially soluble in co]q alcohol, in cold and hot ]idrign{

pYN

and in bénzene. Propolj, s much more soluble in chloroform,’

ether, acetone and ammonia.

-

. ot Y\
) - )

<

1.2 Composition of propolis . . T

i

Early attempts- to determine the composition of propolis
were concerned with simple fracfiona;ion. The alcohol extr-
- Q, . .

act was used mostldy for-furthgfbinvestigatién; One of the

earliest reports is that of Dieterich and Heifenberg (7,3)

-

r/ ) '
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‘ descr1b1ng the1r extraction method and. the const1tuents of -

propohs separatmg 1n alcohaol, ch]oroform and “ether.” The

[y )

wax and resin so]ub]e in chloroform_could not be"separated

furthep, but - that portion soluble in alcoho] was separated

!

into wax (mp. 65 66°C: ) and a brown resinous res1due, having '

3

“an aromatic odour, resembling the cinnamin. of Peru balsam.

The resin contained constituents of conifer resin and large
- . . ') ,
amounts of aromatic substances which wvaried with the locals:

t

ity from which the ‘resjn was obtained. Qther workers found
. 14 .
various amounts of resin and ,waxes jn propolis (4,5,6).

Di(éte'ric'h (9), m 1ater work , déscribe'd vanillin as a‘'trace
constituent-of propohs and Kustenmacher (é),ﬁdentjfied ci-
nnamyl a]cohol and cinnamic ac1d. Some s1x0te‘én. y;.ars later,
in 1927, Jaubert (4) found that ‘the colour, of beeswax was
due to .tf\e presence oF the f]a\?ohoid ‘pigmen_t chrysin which.

-

could be isolated from propolis. In 1957, L‘Jskhalova in.the

USSR (8) found 4 types of waxes in propolis which ‘varied® in

colour, 'mp., acid content and iodine test resﬂ]j:s' according ©

L]

to the collecting place .of bees. '
S .

"
< N

No further identification of any new compound 1in propo-.

s ™

lis, appeared until 1969, but the pharmacological éffects;of

extract_‘s of propo]ié were investigated Vduring these years.
In 1969 Popravko et al. (10,11) identified six flavonoid ‘
pigménts and they separated and identified two f]avan%es

and isovani]Hn.{‘ Evidence was obtained for the presence Qf-'

derivatives of another flavone, quercetin, but the bomp-

-~

'

>
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Y . . .
group (14) resulted in the isolation of a flavone,

~xycinnamic acid present in propolis. T?ese workers.sna've also

‘oundé were not further 'characterized. These flavone and fl- )
. avanone compounds ,were/ also found in dormant buds of Betula

varrucosa, which was fr'eque'nted' by the bees from where the

samples were taken for investigation.

AN
N

Lavie (12,13) observed that propolis showed significant

a'ntib_aé{:erial activity towards Bacillus substilis and Prot-

jus vulgaris., He and his co-workers showed that this activ-
ity was due partially to the flavone galangin, which they

separated from the resin fraction. Later work by the same

’ s -
pinoéembrin, with similar activity to, gélangin. In additiﬁon,
the f]ayonés_ chry;in, tectochrysin and dsalpin wére also
isolated and identified. In 1970 Cizmarik and Martel (15)

described the separation and identification of 3, 4-d1’hydr;o—

separated ferrulic acid. These compourids are known for their

antibacterial activity on some gram positive and ‘gram

) . ’
negative microorganisms. . ‘ . ii
Y . .

I

Met,zn'er\and his co]]egues/ (16,1‘7) identified more com-

"ponents of propolis in 1975: Their/ technique consisted in a

' ' b
combination of thin layer chromatography and bacteria?® incu-
bation on the same plate. It Ted to the identification of

’seventeep constituents, including nine previously identified
. ' « . \

‘

, ‘compotmds. The newly identified_ compounds were two flavones,

pect'_olinarigenin, quercetin-3, 3'-dimethyl ether, three flav-

-
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anones, p-cumaric benzyl ester and an ester of caffeic acid.

Australian investigators (18) in 1977 have Shown the similar
cthosition of propolis found in westein Australia. They
“separated and identified four flavanones and chrysin and 3,

, 5-dimeth6xybenzy1 Elcohol.

-

? - LY
-

“The fétty acid constituents of propo]i?*wds 1nvest§gat-

ed by W. Heinen and H. Linskens (19). The total fatty acid
, B : J

~

content of propolis 1is approximately 5%. The fatty acid

fractions contain C;-Cyg acids, -the majbr“component of
. .

which is myristic acid (C14), (approximately 70%, figures
obtained by éas chromatography). Similar fatty acids were

found ip the poplar buds from which the bees collect the

<

T A
stﬂcgy materiall, .

’)-

The presence of small ahounts of vitamins such as By

B2s Bgs C and E has been shown in propolis from the USA.

-

(20, 21,22,23,24). Nicotinic acid and pantoﬁhenic acid have

also been detected'iﬁ variable amounts.

. -
The ash residue of propolis has been shown to contain

the elements: iron, calcium, aluminium. vanadium, strontium,

manganese and silicdn (24, 25).

r

“a

Lo
~

The early investigator Helfenberg (3) did not detect

{ ,

any alkaloids or volatile oils in ‘his samples. However

§

Janes and Bumba (26) later identified benzoic acid, sorbic

2

k

-
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.acid and vanillin.in fhe steam distillate.

LIS . & . [l

. . ” 3
.The largest group of compounds isolated so far from,

L' ] )
propolis are flavonoid pigments which,are ubiquitous in the
. - B ’ y .
') plant kingdom. The series of flavonoids isolated from ‘ 3

\ , . propolis cornefqtes reasonably well with those pigments (////'
present in plants but relatively fgw of the many %1avon%jds

found in the buds are'deteétablé in propolis. Russian

‘ . ' investigat ors (27) suggested, that some of the flevones are

. . {
modified by an enzyme 1in the honeybee during collection of

~ o

- ‘the maperial. It'was’suggé%fed that honeybeés Eol]ect
. §eléctive1y flavornoid compounds or ,alter them for their own’
| purpose to achieve the maximum activity of propolis. If
must be %mphasizeg that thé mény'compounds already iso1 ted.

. repre;ent:only a gma]l portiPn of the‘téta1. qut cafe from |
the fraction solubie ig.orgén{w so}venté‘gg wager.~ A propér
delineation of the cod%tifuent§ wi]l'require mdch more
ipvestigati;n and they will doubt]e;; vary‘witﬁ the plant

P

. source used by the bees.

.
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. ’
“a .
- ' 9
\ ¢ . -
o . o
L)
0
.
.

. °
o

- ey €
-
13
~
-
3

e
-
©



Tdentified

1
|

1

Con§;1tuent§ of Propolis ‘ ~ Lo e

P o : - .

< :

‘ " No. COMMON NAME ~

_ CHEMICAL NAME OR FORMULA

, 1 ‘cinnamyl-alcohol
o N
. , . W
' 2 cinnamic acid
X . R

V - "3 vani]1in’
L 4 isovanillin
, - Sﬁifgéffe1c.acid

, ) 6 ferg] it-fﬁéjd
£ ;7: chrysin \
#{‘ ‘i . .8 }ectochrysjn

¥

9 acacetin

T Coo1l

quercetin

c 12 kaemferide
’ g’L 13 rhamnociprin 1
' \ 14 - \
///L 15  galangin
.16 is¥lpinin _ . |
17 -- T,
Y 18 ‘ pecto]inatjgeniﬁj.
1 : r-. 19 pipostcpbﬁn
’ ' zb ' ;M//
’ o . ¢
2l . pinocembrin
/ ) 22/ sacuranetin
- ,/ .

' 5-hydroxy—2—mquoxyf1ayone

| 3,5-dihydroxy-4'
-4

.CeHgCH=CHCH,0H

“"CgH5CH==CHCOPH

4-hydroxy-3-methoxybenza]dehyde .
:3-hydroxy-4-methoxybgn§aidéhyde ;
3,4- d1hydr0xyc1nnam1c ac1d '
.4-hydroxy-3- methoxyc1nn&m1c ac1d '

%r7 d1hydroxyf1avone ‘ ] 4

5,7-dihydroxy-4'-methoxyflavéne i
, .

5-hydrexy-4'-7-dimethoxyflavone
;,3'
3, 5 7 tr1hydroxy 4‘-methoxyf1avone

s 5 7;pentahydnoxyﬁlavone

3 4' 5- trihydroxy 7-meth0xyf1avong
7-@1methoxyf]avone
3,5,7-trihydroxyflavons’
3,5-dihydroxy-7-methoxyflavone
5,7-dihyd30xy-3,4'-dimethoxyflpvone )
S,I-dihydroxy-?';G-dimethoxyf1avqga
-5-hydroxy-7-methoKyflavénéné -
5—hydrqu-4',7-dfmethoxyf1avanone el
5,7-dihydroxyflavanone .

4'5-dihydroxy-7-methoxyflavanone
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Identified Constituents of Prapolis - continued

P

e

Ho.

‘COMMON NAME

: . -
CHEMICAL NAME QR FORMULA

23  isosacuranetin 5,7-djbydroky;4‘methoxyf]avanone
24 quercetin-3,3' 4',5t7-tr1hy}hoxyf3,3'Tdimethéxy-g
1jmethy1 etper flavo;e i i '
25 ginobanksin / ‘43l,~5,7-t51hydroxy‘flavanone -
\Eﬁ I3-acety1 pino-. 5,7-dihydroxy-3-dcetylflavanone
’ banksin . *
27" pterostilbene (CH30)pCgHz. CH=-CH.CgHaOH
28 xanthorrhoeol N ’ '
2 -- 3,5-dimethox}benzyl‘a]cohol
3£;r‘myristic acid ‘tetradecanoic acid ;
31 bénzoip acid benzoic acid
32  benzyDalcohol benzly alcﬁho]; ‘ . .
33 sorbic acid hexa-2,4-dienoic acid
3; ‘eugehol Z-a\lyl-z-methoxyphenol
35 -- B{S—dimgthoxybenzyl ester N
36 - p-cumaric |acid o o .
benzy! ester‘ a B
/
37  Vitamin B thiamine o y
38 Vitamin By . riboflavin
39,J~V}tamin Bg pyridoxine
49’ Vitamin C ascorbic acid
41 Vvitamin E - tocopherols o
42 Vitamin A retinol . T
. | i ’
. ‘
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Identified Constituents of Propolis - continued

F)
i

, )
“No. COMMON NAME CHEMICAL NAME OR FORMULA

43 "Pantothenfc acid ~

[}

44 . Nicotinic acid

. Y \ ~ .
45 Copper, smanganese, iron, calcium, aluminium, vanadium

- strontium, magnesium, silicon. (61).

L3

1.3 Biological Activity of the Constituents of Propolis"

Although much wotk has been done to determine the. spec-

trum of biological activ{ty‘of propolis, very little infor-

mation is available as to which &ompounds,present in propof— t
\ A

' . ) » .\ -
is extracts are responsible, entirely or in part, for its
. L §

-

reported activity.

In 1960 Lavie (12) found that propolis showed anti-

bacterial activity towards Bacillus substilis, Proteus vul-

garis and E. alvei. ‘Less effect was found on E. coli, Salman-

ella gallinarum, S. pullorum and S. dublin. Separation of
ga]ang{n and pinecambrin by the same workers, by furthe}
’fractiodation,\showed that those compounds wére pa}tiélly-
responsible for the actﬁvity. The,firéf systematic inves;
tigation'of the antibacter}a] activity of propo]i% on a

‘range of bacteria appears to be that of KiQalkina (28),

who found that propolis showed bacteriostatic activity a-

gaiNSt‘Streptococcug'aureus; the typhoid bacillus, and other

bacteria. In a detailed study of the.antimicrobial activ-



N
7

Qo
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10

‘1£y of propb]{s, Lindenfelser (29) té%ted,fifteen samples,

: v

* c¢ollected from different parts. of the USA, at various sea-

. Lo, R . .
sons. Extracts showed strong Jinhibitory-activity in vitro

in 25 of 39 bacterial spgcies tested. Bacillus larvae were

,most strdné]y inhibited and 24 others were sensitive dinclud-

ing'bram positive cocci and acid fast groups. Of 39 fungus
§peqies, 20 were inhibited. Resistance was shown by two
yeast cultures. Recently, in a study of the constituents of

L]

propolis, Metzner et al (16) detected compounds which are

-}

ackive agaﬁn§t B. subtilis, Staphilococcus aureus, E.coli

and Candida Albicans. The authors cogc1uded that oyt of

many compounds detéctable in pFoholis, only pinobanskin-3-
acetate, pinocembrin, p-cumaric acid behzyl ester and a |
céffeic acid ester showed significant a};imiocotic activ-
iéy. Ferrulic acid, separated‘and ideptified by‘C{zmarfk et
al. (15)3 showed anti-bacterial and fungistaticqactivity:
nIn vitro tuberculostatic activity was also found. v

Sacuranetin is active against wood rbtting fungi (30).

1A

'
A . 4

A number.of flavones %so]ated from propq1is have been
ghown to have papaverin-dike spésmo]itic activity.in a geét"
carried out.on the sma]l intestine of mice in vitro (31).
Quercetin Hés been shown to enhance the ‘histamin-fixing ca-
pacity of several protein fractions in vitro (pqrticular1y

sgamma~globins) (32). -

By

A number of Flavanoid compounds exert an anti-inflam-

[}




-

dn vitro and in vivo. g : “

) t R
‘ogy (43) anaesthesis (44,45), dentistry (

™

¢

,e

'mhtory ef?eqt‘on joints, 'skin and "mucous membranes. It has.

13

beenwsuggésted that some flavonoi{s stabilize tgnneétiVe
tissue qnd veésels, protect vjtamin C adainst oxidation, and
sdccharide-destroying
enz&me (33). Recent evidence (34,3%]/?F3Ws'polymethoxy[it-

ed flavonoid compounds may inhibit erythrocyte aggregatién

decrease the activity of the mucop

/

7
H

These‘activities Tﬁﬂti°"9d are but a smail ﬁart of the

known bfojogica] actjvﬁties ‘of flavones, flavanones and

L]

flavonols. Whether these compounds arg directly or indir-/

3

ectY@ responsible for some of the obsérVed effects of propo-.

lis remains an open question. However, since the major con-

* \

stituents of propolis are_f]avonoids and propolis appears to

v

. . ,F J cr . ,
be widely used in certain codntries, it is usefu] to consid-

,er the Qnown pharmacological properties of these compounds.

N N

3
.

- Reports of the c]ig1ca1 use of propolis %ppeared in the o

early 1900's. A preparation of‘propolis and vasilin "pro-

polisin vasogen" was used as a medication aurinq the Boer

1

war (36). Otheir reports refer to the. use of propé]is for

inhalations nd‘ﬁg a non-irritant qressinq for wounds (37).
There are.mafi\?gbent reports in the litera uravdescribinq
different c1ini§a] uses.of propolis and pre arationg, con-

A

ta{ndng pfopo]ig; such as: dermatological diseases (38,39,

40), inf]ammation'treatﬁent in surgery (40,41,42), immunol-
ﬁq),,lung tubercol-
"

“r

F

/

.
\ \ ’ V.

| I

W
]
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P e
osis (64), synthesis of ‘agglutinins (47,48,49.
-Several reports have referred to the phytoinhibitory

i . -
and phytotoxic activity of propolis extracts. “otato tub-

trs kept in a hive did not sprout (50) and -after storége in

AN B v -
he bee hive for an exténded period they suffered permanent
inhibition. An aqueous extract of propolis was shown to be
responsible for inhibiting the germination. Growth of fet-

tuce and }icg grains was also inhibited. Alcoholic extracts
‘ /
of Russian propolis were found to inhibit the germination of
A \ ‘

Cannabis sativa seeds (51).

; * ~
v . . ! -

-

Unfortunately, most of the experiments and treatments .

were carried out with crude extracts giving no information

. of components responsible for activity, and different expef—
! . q . '
iments gave contradictory results. A consideration of the

chemicals separated until 1979 does hot explain the various’

' effegts of pr;bolis, which leaves us with the conclusion

that either many active ingredients are still obscure or the

different chemicals present exhibit a-~synergistic effect.

The properties of propolisrextracts depend upon the methods

b, of separatioh used and upon the origin of the‘propolis. This

¢ ‘ . LES

variety may partially explain the cdntradictdﬁy findings in
the literature, In any event more systematic research needs
to be conductéd to establish the composition and properties

L

of propolis. ' .

-
. A
o .
-
°
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1.4 Techniques used in the i}entification of

components of propolis

Thé early studies mostly used extractions to neasure
physical properties of propolis. Extractions were carried
out in alcohol, chlorb%orm and methanol. With'the advent of
modern physical méthodsf research anh knowledge.qbogt propo-
1is—has mulfip14ed. In general, the extractions were sépar-
*ated by different chromatographic_m;thods such as paper,
‘column, gas and thin layer chromatography. Other methods
include bioautographic methods, distillation, combined with
different chemical methods. For identification purpo§es‘UV,
NMR, and mass spectTa were oftén used. |

Metzner (16) described a combined method for separat-

ion, biological aativity detection, and identification: TLC

plateé were prepared hql&ing‘an ethanol extract and were de-

veloped in two directions. One of the two idenﬁjca]l}itF;-
ated plates was coated with a@ar and bouillion medium, Ba;-
terium spores were then spread evenly over the Q]ate which
was kept at a proper temperaturg for maximal growth of the
colonies. —Over the spots contafning the active compounds no
development of colaonies coq]d.be detected. This method gave
good,ﬁreprodﬁc%b]e res%1¢§. Thé R¢ values of the q?her

late were used for identification.

L

\ Lindenfelser (29) used a similar methbd to determine ,
\ - N
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1bio1ogiéa1 activity, but he used paper chr0métograpﬁy{
» .
./ .

Ci.zmarik and his co-workérs (15) separated caffeic-acid
’ ) ’

from a water-ether extract. I&C plates were uéed'for purif-

ication. For identification they performed elemental anal-

1

ysis, bromine and KMn0O4 tests for unsaturation, Tollens -and
Feh]ing‘reactions for aldehyde and ketone recognition, R,
values and UV measurements. )

v

Researchers of the Univesity of Western Audtralia (18)

| .

uséq extraction methods, and frdctionation at different - R

s

pH's. The aqueous alcohol extract was further partitioned
into 5% HC1, satqra}ed NaHCO03,10% NaCO3 and 5% NaOH solut-
idns. For further sepafation, isolation and purification of -«

the constituents of each fraction, column, analytical and {

-~

preparative TLC techniques were used in the usual way. For

structure determinafi&h they used NMF and mass spgctra.

4

4

Heinen and Linskens (19) used gas chromatography for
Y .
identification of the fatty acid content of propolis,.

I
; 1
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2. OBJECTLVES °

“The aim of -this work was ito isolate compounds with

i

active antimildew chanacterisfics.a Secondly,‘that,these m\

< compounds should be pure as deFermined by TLC with dif- -

ferent eluents and their gurit& detérmined conclusively by

IR, NMR, and MS. “Thirdly, the functional groups or chem-

’

ical formulas of the purified'cqmbounds should be estab-

o

Tished as accurately as the available physical methods

/’

permit.

\

s
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3. EXPERIMENTAL

-

/

-’ 3.1 Methods,’ Material, and.Equipment Used ) o

Sources of Raw Materia]'

The propolis used in this.gtudy came froh Greeana11ey
v . ’ .
‘(Ontario) and from Hungary.

_/
F

Extraction Procedures .\ |

Extracts from propolis were obtained with organic
solvents using a Soxhlet continuous extraction apparatus,
with clay or paper thimbles. Details are given in Section

“3.2.

Thin Layer Cﬁromatography , : Y
In‘orper to monitor separation of the';omponents

" obtained by the exﬁraction procedures, thin layer chroma- -

tography (TLC) was performéd using prepared f]uore&éent ‘

“silicaﬁgel coated sheets (Eastman Chromatogabhy Sheet, 13181

Silica Gel, with Fluorescent Indicator #6060). The 200 x

. 200 mm sheets were cuf into four 160 x 100 mm squares, each

caqﬁb]e of providing 5 - 7 spaces’ for application of tne:

mixtures to be separated. Twelve ﬂnch;gscrev cap, wide

"mouth jars were used as qevefopihg chambers. The WOO’x.

. 100 mm sheets were folded;,and-heyd in rb]]ed form by paper

blips for insertion°1nt6'the jart A0 mlnvo1ume of elution

liquid was used in the developing chamber, the elution time

being 8 - 10 minutes. Ultraviolet light from a UVSYII

-
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-

Mineralight Qas used to make the separated sbots visible.on =
the fluorescent TLC sheets. . | ‘

: ,.\\

Fox. preparative scale separd%j%:s,‘ZOO‘x éOO mm glass

.~

s P

plates, coated with a 0.5 mm layer \of Silica Gel G (pre-"
pared with a Delaga thin layer spreader, Mode] DS 200/0-2),
were used. The pre-dried plates were\actnvated at 110° C'for
&two hours beforg‘use; Spots were made\y*sibleiby sdraying)
mthé developed, (dried) plate with a 6.21 solution~of 2';7'
-djchloraofluorescein in 66% ethanoh, or with 40% su]pﬁuric

. a’c1q.

For reversed-phase “partition chromatography the plates

were-rendefed hydrophobic using Kaufman's method (55). The}
impregnating material used was tetradecane (5%) in petroleum - ~

-

ether, ' v ’

Column Chromatography

\

Un]éss otherw1seaspéc1f1éd,'a 140 m1 coTumn (440 x 28
mm) was used for column Zhromatography. Absorbent~mater1a1s
used were siTica gel 60-200 mesh, acid washed 5111ca‘gej, Lo
alumind, and Sephadex LH-20,’ |

0

‘Preparation of ‘silica gel: -

Silica gel was washed before the column was packed by

stirring 500 g with a mixture of 500 ‘ml concentrated hydro-
)
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chloric acid-and 500 ml distilled watéy. The suspenéion was

ahlowéq to stand overnight so that most of the silica gel

‘could settle. The subefnatent 11qu1d was then decanted, and

the solid phase was re-§gspéhded in 1000 m distilled water.

‘When the solid had sett]eﬁ, the supernatent 1iquid was again

decanted. Thiz procé@ure was repeated untj] the solid had
been washed with distilled water three times. The silica

gel was then fiitered-by suction, and was washed with dis-

tilled water ugtil the filtrate was neutral. It was then

further washed with ca. 300 m! ethanol, then with ca. 300 ml -

Listilled beniene. .The purified si]1ca'ge1 was dried 1p:an'

‘dgén at 120°C for 24 hours.

~

"An LKB fraction collector (type 34068 Turntable disc)
was used for column chromatography requ¥ring collection of

many fractions.

—

Detection of Biologicai Activity

A Czapek'g‘solﬁtion are:

Czapek's test (57) was usedhfoi,bio1bgical activity in

the fractions'isolated. The ingredients which make up -

Water (distilled) 1000 m1  KCL . 05 g

, .
NaNO3 7 3.0 g Fe504,7H20_ ~ 0.01 g
K;HPOY 1.0 Sucrose  30.0 g
Mg804,7H20 7 0.5 4 Agar 15.0°g -

. . ' .

o
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o The solid ingredients were dissolved in the water, and
the s&iution was boiled for five minutes. Upon cooling to

60°C, the solution was poured into disposable petri dishes

with 4 divisions. The djéhes were covered and the contents

AP ias

allowed to solidify.

N - k‘ . .
Other containers which were economical and practical

were ice cube trays with 18.sections, covered with Saran
wrép. Before_re-use,‘thesé'trays were sterilized by flame,

| 3

Procedure for testing.activity

when\q fraction was to be tested fof activity,-a sample
waS'spre;duover the surface of the agar: or a drop was .
placed at the centre. After the solvent had evaporated,
spores of green mould (from moqldy white bread), Eurotiales

aspergillus (61) were inoccilated (with a bent needle gor

colonies, or a glass rod for spores) into the agar in the

centre'of the area coverqd*py the sample being tested. The. .

inocculated p]atgrwas"then devefoped for varying perioHs

” -
(see below) at room temperature.. The growth of the ‘'mould . .
was assessed by macro visual methods, and the results were

classified as:

[8
¢

¥ , , - \ 4

Strongly positive: when the inocculated mould died

Positive: when the inocculated mould survived, bhf

did not develop further

Z}Aétivé; ' when the mowld grew on the agar but not’

- N - —

NN )
LN ~
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‘ | lon the surface covered by the samplé.

. ' under {esg
Negétive: when the mould deve]odee over the ent;re
surface .of agar at the same rate as a
. blank control
Strongly negetive; when mould deve]oped faster than on the
-b]ank contro], and increased growth rate
was ea%§’to reeegnize yjsua%]y. o

The plafeg were examined at 3, 7, and 15 day intervals.
The test was repeated at 1east twice if enough material was

-

In each case»a biank control was

/

Organic solvents “used in the experiments were

available for test1ng.
prepared.

+

also tested for activity (see Figs. 6 & 7). The mould used
for testing Qas,grown on Czapek's medium, having been
isolated from mouldy bread. . f

-

' c
Tests for Enzyme Activity

"Biuret assays (58) were performed to check if the
! L8

act1v1t1es of active fractions were due to enzyme activity.
J

The results were considered to be- positive if -the |spectro-

B

photometer reading at 540 nm was 0.09 (absorbance or ~above.
Further quantitative determination was considered
unnecessary. o

9 ) ‘ >,
Spectroscopic Measurements : 1

Spectroscopic meaéuréments'w&re made using a Unicam S.P.

3

-

ey Y

\

3
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800-B‘§r S.P."800-2 spéﬁtrophotemeter wjth solutions _in
carbon tetrachloride. .
- . «

Ianared:spectra were taken‘(a§ CClg solutionf) using

a Perkin-Elmer. 5998 spectrophotometer.
, ¢ .

*Proton nuclear magnetic measurements were made at 60 MHz
using -a Varian T-60A instrument, atAZOO MHz using the Varian
XL-200 instrument at McGill University, and at 400 MHz using-
the Bruker WH-400 instrument at the Régional High. Field
Nuclear Magnetic Resonanée Laboratory (University of

Montreal). CDQ]j solutions were used in all cases. Since

" the maximum available‘dispersian was essential for the
, :

, iﬁterprgtation of the spectra, oniy the 400 MHz proton data

are reported in this th¥sis,

-

Typic%l‘operating pa%ameters for the proton n.m.r. spec-

tra téken thé.on Bruker WH-400 instrument were as follows:

a N -
Opéerating frequency: 400.00 MHz Deyterium lock on solvent

Spectral width: 2000 - 4000 Hz Pulse width: 6.5 usec (90°)

Dita.bldck size: 16 dr 32 K No. of transients: 24 - 64
Line broadening: 0.1 - 1.0 Hz Quadrature detection .
3

Typical operating parameters for the carbon-13 spectra =

taken on the Bruker WH-400 spectrometer were as follows:

'
L ’ 3

i
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Operating freﬁuéncy:, 100.48 MHz Deuteridm ﬁock on ‘solvent
spectral width: 20,000 Hz Pulse width: 10 - 15 usel 0
. Data block size: 16 or 32 K No of t}ansjentsz 5100-72464 -
§1ne broadening: 1 - 2 HZ® \\Quadratune detection

Spectra were taken with the same sample (in 5 mm tubeS) 3
used fg;,the proton‘spectra‘(CDCI3 soTvent).

’ -

-Mass’ Spectra

Mass spectra Qere taken on the LKB-9000 instrument in Ve
the Mass §pectrometry Laboratory at McGili UniQersity.u A

heated direct inlet system was uéed,nw1th an ion source
temperature of approximaté]x/290°c, and an accelerating

potential of 70 e.v. , S

Miscellaneous:

,Me1f1ngipo1nts (ud@or)gctedl were taken on a Gallenkamp

melti®g point apparatus. Cy

S . , A
Removal of water from samples was achieved using a
Virtus (Research Equipment, Gardiner, New York) freeze-

. B A
drying apparatus.

A clinical centrifuge was used.
| iy
-ldentification-of matgrials was based on .Refs. 59 and

60.



3.2 Working Extracts

The components of prop.:is were separate! i?kb seve a)
fractions on the”bas1s of . fferent 5olubili;€eg in var.ous
orgqniF solvents and water "The fworkjng so]utfonﬁ?‘were
obtained by extraction in arSoxhlét appératus, using a
charge of 15 - 20 g of propolis, and successive extractions
with 500 m1 of hot solvént, in a sequence of 3ncré§siﬁg or

decreasing po]arity:

Solvents employed wereé:
. Ligroin (bp 60 - 70°C), benzene, chloroform, ethanol,

water used 1p this or the reverse sequence, i.e. starting

with either ligroin 7r water.” Each step took about 24
hours. The resulting solutions were evaporated to dryness,

then re-dissdlved in cold solvents. In general, the So11ds

obtained in this manner were not -fully soluble in th

original (cold) solvent, so that a second solvent was
"required to dissolve the insblub]e‘materiaj {§ee Flow Chart

1
#, Fig. 1) ’

&

These %gocedures resu]téd‘fn the préparqtion of ten
“working so]ufipnsu (ﬁee"F]ow Chart_ #1, F{g. ])f‘ Al or thg
working solutions showed biologjcal'activity, biuret tests
were bos1tive, aAd TLC showed tﬁat all of the extracts were

very complex mixtures. The dried extracts were weighed and
. )

AR Y
the following distribution was- determined: -

4
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e e S s
7 Ligroin extrict: = 21% by weight -
“ Benzene extract: - 9% " - ”
Chloroform extraét: ) ';e ' 4é$‘ - | .
.. Ethanol extract: Cotey “
| ,Haker‘extract:\ - “ | : ' 3% " ,
Residue: . - - 7 I .
. ‘ | J. | . .
Appearahée Af the Qorking\soiut1o?s;" o h

i

Ligroin extract 3 - B

i

The figroin extract was\a\lighf yellow emulsion which,
upon cooling, separated inioltﬁo‘layers, the uéper ]ayerl
bégbg a clear yellow liquid, and‘the prer layer being a »
ye]Iow'material of c}eamy cohsiétency. The ﬁpggr‘layer gaQé
a2 negative biQret'reaﬁtion, anq'TLC\showed fewer than ten
spots on pré-prepare& silica platest .. . - :

.

Benzege extract -

’ 4

The benzene extfﬁct had a darker yellow appearance théﬂ

the 1igéoin e*ffﬁct(én&, upon qo§l1ng?‘thﬁee,layers

sepagéted. Ihé tbﬁ and middle layé?g were simi;fr Fo the
two layers of thé\liﬁroin extract -(by TLC an;lySﬁs). The
residue (léwest layer) was a_brown-material;.so]uble in

acetone.

\

Chloroform extract

s

The chloroform extract was a.brown,/sticky|matefia} , j

which‘separated ;nto two layers on-cooling. The upper 1ayen

\ T




Ethano] extract L ‘ R . .

icoo]ing. The upper layer, which prevented mould growth, was

nhad very strong anti-mould act1v1ty. TLC indicated more

'

than 20 components. ‘ o S - ’

R R |

The ethanol extract separated into two 1ayers on

a clear, reddish liquid, whereas the residue t]ower layer)
was a darh'bréwn, sticky mate;?al‘ This meterial arrested
mou]d growth during the first three days of development, but
after th1; per1od, mou1d growth was promoted. TLC of both
1ayers showed very eomplex‘mnxtures,

¢

Water extract

‘The water extract was,a greyish 11ou1d, whteh deposited
a black prectpitate after a couple of weeks. 'The extrect
had a p]easané_sme11, resemoltng that of vanillin. The
black resioue was‘soluble in an acetone-water mixture.
(60:40). s ’
Residue ]
~After complet1on of the extraction sequence, a -greyish

powder in which fibre and white waxy matertal could be

v

detected, remained. o . -

3.3 Separation of Components from Working Extracts

Samples from the working extracts were further investi-

gated. Separation of the components of the extracts was
! q



! ”

26

\

carried out by using'(a)'column chromatography, (b) agaf
coated TLC plates, {c) steam distillation followed by 'simple

: 0 :
distillation, and (d) extraction and precipitatton.

(a) Column Chromatography

Samp]gé from all working extracts were subjectedhto
’ coigmn»cﬁrom&tography, on silica gel. The~1igroid’and'
: behiéne extract§ gavé poor séparaﬁion; when the collected
eluate fractiogsuwere larger than 2 ml; One apparently
pure, biologically active.oily mater{al was séparated from
fhe chioroform extract (COmpoﬁndls. see later). Column
chroﬁatoéraphy of the éthano] extraét'yielded severq} biolo-
gically active fractions, but each was shown (by TLC) to
contain more than 10 compounds. Elution with different
po1fr‘solvents yjelded active fractions, syggestiﬁg that
more than one compound was responsible for the b101891ca1A

agtivity. One apparently/pure-(by TLC) biologically active,

crystalline material was separated from the water extract.

Detailed descriptions oflthe th#ée column chrométography
procedures which resulted in the sepaéation of pu}e
-compounds are as follows: . ’ ) -
Column chromatogram #l |

Stationary phase:\ Silica gel, 60 ~ 200 mesh

L;qu{d phase: ‘ Benzeng

Sample qsgd: f Chloroform sqﬁp]e frop the chlioroform

extract, 2.5ml (650 mg) &

°
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The flow rate wa}' maintained between 16 ~- 20 drops/minute,
b ? Eluate fractions of 15 - 20 nl were collected. The colour
of the eluant served as'a guideline for the collection of
fsr‘a.ctit.)ns. The elution solvent (’1n1*t1a1 1y benzene) was .,
chan.ged‘ graddal'ly to a mixture of higher polarity by ad.diné
‘carbon tetra‘ch'lloride, chloroform, ch]orofo'rm‘-mei_:ﬁanol (2':1),

chloroform-methanol (1:1), and finaly methanol, in

sequence,

s H

Altogether nine fra‘ctions were collected, Fractions 2
and 3 ggve"positive Czapek's tests. Oniy thesé two frac- e
tions gave spots wfth Rf values of 53 and 679 Bn TLC plates.

‘ -T»hese qut's appeared to be résponsib]e for the activity.
Fract.ions‘ 2, 3 and 4 were further® separated by column chrom-
;atography (Column Chromatogram #2). T )
Col le?/(:hr_'omatogram #2 .

Stationary p_h‘ase:'l Silica'gel 60-200 mesh
i.iquld ‘Phase: ‘Chloroform ‘
) Sample used: Combined fractions 2, 3 and 4 from
’Column Chromatogram # in benzene
* Flow rate: 15-16 drops/miﬁute
Volumes collected: 10 mi h

EYution solwents:

Carbon tetrach]oriqe: fractions 1-4
T

Benzene: | fractions 5-10
Benzene/chloroform (1:1): fractions 11-17

Chloroform: fractions'™ 8-20_

& | ™~
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-

) fLC analysis of the fractions showgd that #5, the first
‘benzene fraction, was apparént]y pure. In four dif%erent
TLC elution 1%qu1ds only one spot, with an Rf value of §0%,
was consistently obﬁerved. Fract1oq 2 had a spot with a
"similar Rf va]ue; but_ it was accompanied by a weak over]apl
p1n§ sgggﬂﬁlsﬁiif/ A]\,of the other fractions showed'two‘or
mof;/spots on:TLC plates, Czapek's Fesf confirmed that the
%raction, #5, thch contained thg”cdmpound with an Rf Qa]uee
of 60%,. was biologically actfve‘

7

Fraction 5 was evaporated to yield aboyr 1.0 ml of a

" yellow 0il. The {dentification of this material, designated

as Compound 5, is described later.

Co]pmﬁlChroﬁatogram #3
Stationary phase: Silica gel 60-200 mesh
Liquid phase: Cyclohexane

Sample used: . Water extract, in ethanol solution

Thirty-four fractiéns were'c§11eéted. The first six - -
fractions contained only a single compound; the subsequent
fractions were more complex. Czapek's tests wére negative,
except ‘for the first six fractions, which were strongly
positive. dnhevaporat{on\of the solvent from fractions 1-6,
a Eéysta111h¢ solid yp1ch decomﬁosed at 219°cC, was obtainea.

The remaining material was insufficient for further investi-

gation. =
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'l

Further column Ehroﬁafography. Lo

[*

lIh order to obtain better resolution of the working

4

solutions, a fraction collector was used to obtain 406-500.2

A

ml fractions from each qolumh. This method showed that each

working extract contained more than one active compound, but

the quantities remaining after Czapek's tests had been

. ' X
carried out were insufficient for further identification.
. TLC,.in conjunction with Czapek's test, showed -that there

was more than one active component in each working extract.

(b) Agar-coated TLC plates % , —

Agaffcoated preparative TLC plates, a quificatioﬁ of a
method developed by Metzner (16), were used for'an alterpa-
tive method of separation. Glass plates (200 x 200 mm) wgqe
coated with a 0.5 mm fayer bf silica gel D-5. The plates
were activated for one hour at 120°C. In each éase, two id- -~
entical plates weré prepared with samples from active frac-
tions, and ‘were developed. A 2 cm column .,at the left sﬁﬁe of
the plafes‘was spread Wwith 2‘;»7'-dichlorof1uoréscein re-
agent (prepdred as described above, p.17 ) in order that

separation of the components could be detected. One of the

4 2

th identical plates was immersed in‘warm Czapek's medium to
coat the developed surface of the plate.  After the Czapek's
medium had solidified, it was sprayed even}y with spores of
green mould. To prevent the plates from drying dut,'they

. ,

o F , . .
were covered witH moist filter. paper and were kept at room

temperature for mould development. After three days, the

/

‘e
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gr‘oy'ingmould showed a distinguishable pattern. Between 90
and 92% Rf va]hﬁu.es\‘.‘;\cl'“ear stripe, where no mould grew,
remained on the p]ate.ll The same stripe was sc‘raped of f the
gther TLC. p‘]at}e, and 2 mg of yellowish-white powder was
recovered. . TLC §heowed that two compounds were present. No
further identification wa‘s carried out because of the small -~
.quantity available. | | ‘
(c) Distillation’

Additional sépa’r‘ation methods employed were steam dié-
tillation and‘frjactionah distillation. A nen-volatile. oily
material with.'an Rf valude similar to that of the pure
compoun‘d separated by column chromatogrdphy (from tﬁe
chloroform extract? Column Chromatogram #2, p. ) wa';
ot?tained by these methods. A further three apparently pure
compouhds separated by steam distillation showed strongly
negative biological afctivity.: Gas chrbmatogra!:hy shoviéd
that eacf of these fractions _‘contai‘ned a single g:om'pon/enti.
Insufficient méterials,were av‘aiilab’te for ;urther investi-
gation. T ‘ o .

(d) Extraction and Precipitation" ’

Ligroin Extract (Flow Chart #1, Fig. 1)}

Qn standi'n,g,‘ the iigroin extract sleparated 1'nt'o t‘wo
‘layers, the upper being a’ clear yellow 'Hqu.id, and the lower -

a yellowish-white sedi\meﬁt.' Both Tayers showed anti-mould

activity. When the two 1ayér‘s had been separated and the

\

Y
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-

'solve'nt removed from the ‘liqu'id layer, 'the\ resulting /
se‘dilnent was extracted with acetone, 1ea'vi‘~ng a.white
"residue. On centrifugation of the up‘pe‘r layer, a white,
flaky wax sedimented. This was washed six times witih
acetone, thgn extracted with chloroform and cyclohexane. ’
The chloroform-soluble materiallﬂge\ive a positive Czapek's
test. The ch]or’oform-‘insﬂub'le but cyclohexane-soluble™ ’
material also gave a p;sitive Czapek 's test. 'The-‘orig-inal
white solid gave two or three spots?on TLC;‘, with a bluish.
rinlg 'a,“rOund’ the spots. On exposure t6 air, ,the ch]oroform:-

i

soluble material became yellow and lost its ability to

4

dissolve in chloroform. -

Extraction of the sediment (1'.e,.‘ the lower layer) from
thé 'igroin extr‘la,ct was next performed ste‘pvaise'aft roon
‘,temperiature by shak®ng the solid ma‘tejrial with solvents of
aifferi"ng polarity, using hexane, cyclohexane, benzene,
carbon tetrach]or’idg‘, chloroform, ethar;ol and acetone. The.
golvent was removed from the extracts by using a stream of
nitrogen gas, and the resu]tiﬁg so]idg were dissolved in the
original solvents to similar c.oncentration's and were tested
by. TLC and on Czaﬁek‘s lhedibm. The (;,yclohexane and ‘the
ca'rbon, tetrachloride extracts were biologically ac‘tive‘

When the extraction procedure was started with more hiéh]y
poi\ar so]ven'gs such as acetoné, etha'no],v'and chlofoform,.th,ez

chloroform extract was the most active fraction. TLC of

‘this fraction showed five or six travelling spots, and some

4
93
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ron .TLC, This precipitate was dissolved in carbon tetra-

material which did not move.

!

In order to obtaiﬁ an extract with a smaller variety of
component§ ,» extraction with cola solvent s was car’r‘ied out,
(Flow Chart #2, Fig. 2). "Hungarian propolis Was extracted
by shiking for three minutes with cold hexane. The extract
was filtered and the.sol vent remdved—with a stream of
n'%tro;en. The'resulting yellow solid was partially soluble
in acet'one, the insoluble material being separated by
centriflgation. Removal of‘t:h;e solvent +from the supernatent
Tiquid (nitrogen gas stream) yielded an oiily materiah. TLC
showed seven spots in three groups. The Cz&pek 's tesf

showed strong biological activity.

The acetone-insoluble material (m.p. 68-70°C)\was
soluble.in carbon tetrachloride and was bio]ogicaﬁy éci:ive.
On TLC it .showed one spot which did not move, and two
diffuse spots at the-solv'ent front. On addition of ethanol
to the carbon tet rachlori?e,so]ution a biologically active,

white precipitate formed;.this showed only an unmoved spot

¢

0 -

chloride, and methanol was added to precipitate a white,

'waxy,materiah which was partially soluble on addition of

chloroform. White, waxy material (m.p. 64-65°C), designated

as Compound #1, was recovered by centrifugation. This gave

. R . Y
a positive Czapek's test and a single spot on TLC.

Elemental ana]ylsis was performéed on this hexane-solublg Wax

\l.
‘!rt

&



(see later for details, p. 47 )

‘. The left-over supernatent liquid was”honcentrated, but
no further precipitation occurred. When cyclohekane wgs ‘
added dropwise a biologically active precipitate, m.p. |
63-64°C, formed. Tae remaining supernatent liquid was
coo1qd to 4°C, yie1din§ further biologically active pregt-
pitate, pﬁk 63-64° C, apparentiy pure by TLC. E]ewental
ana]ys1s was carried out but the samp]e was, 1ater found to
be impure.

The procedures described above used po1ar1ty, concentra-
;%- tion and temperature d1fferences to separate waxy mater1als
; a;w1th!d1fferent melting pq1nts and Rf values. Eurther

d
separation of wax esters from propolis was carried out by

. using the working extracts (see earlier) and solvents of
:differing polarity (see Flow Chart #3, Fig. 3). Each
‘extract fraction wasptested using Czapek's medium, and

]

showed stroggﬁy positive act%vity.

Hexane #1 Extract
.\

. The supernatent liquid from the hexane #1 extract was
1 Qwaporatedl and the resulting sol?dlwas dissoled in benzene *
’(s e Flow Chart #4,'ng. 4). As the hexane extractt;n (by
! .ahaking at room tehperature) pﬁeceeded, the amount gf
material extracted with successive extractions decreased,

and the golour of the.solutions changed from white to gray- -

- . Y
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"ish-yellow. The hexane fractions ex;rqctéd ﬁefh labelled as

Hex #x (Flow Chart #4, Fig.'d), and were stored in a desic-

cator at room temgeratuke.' Each ex:ract was tested on pre- ’ ‘
. parative TLC pfaggé; none was found to:be pufe. Each”fréc-”
tion sthed spot's not presént in other fractiqns; .Ciaﬁek's

tests pave pééitive régu]ts, and the resﬁlting solution ghen
“'no»fﬁrther,pfegipifatﬁon by polar §olvents %gs possib1e gave
. 4o v

kel

.4 strongly positive test. . hind X e

3 - . ) N ! _‘

"vThe benzene and thie chloroform extractsnﬁére processed -
fwith similar procedurés, and differept wax esters were ‘ . B
obtained (Flow Chart #5,” Fig. 5). The ethanol working
' ' "t V 2N o

extract did not lend itself to goodlseparaxion using extrace

tion\procedures,

Further.brocédures : . v
7 l o -> 1
Two samples obtained fromﬁt%?_he&ane #1 extract {Preci-

pi;ateE'Hei #1 and Hex #3) weighed more than 3 g., and were N \\,

N

selected for further separation and purification. The T
method deécribed by Kaufman (55} was tfieg, using pnepar;i
tive <TLC plates. Kieselguhr p]afes imbregnated witﬁ
qodecane; as déscr%bed by Kau}man, did not prove tq(bg ‘ T .
superior _to plaih Kieselguhr pla%es activated at 120°C.,
'usingﬂa deve]qping mﬁxturém%f fr%ch1oroethy]ene-chlorofcrm
zké:l}.‘ The Hex #1 sample separated into five layers, plys

~.one immobile layer. on prepa}atiye plates. Each layer was

' )

—further purified, in successive stages, on preparative o

Ny
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plates. Czapek's test showed that each fraction had lost
its biological activity. Under microscopié examination, the

materidls were seen to be crystaliine.

. » . .
The layer which failed to move was recovered and tested; -

, ‘
it. had strong biological activity. Thevspots which were

present on'TLC plates were separated on preparative plates,
but the'recovered'samplg% were in thé microgram range,

making furiger invest¥gation impossible.

The Hex #3 sa@p]é wa§/a1;3“§té::2ted"on preparative

~

pfates, and yielded ,three pure cqmpoundg. These had

.identical infrared and n.m.r. speétra, but different melting

¥

points,. Further identification was not-possible.

A3
1

. Steap distillation o ' S

Four approximately equal fractions weré cteected on

b4

steam distillation of ‘propolis. Each,of these frahtions was

. then subjected to fractional disti]lation:‘water was removed

from the subsequent fractions, and the residues ‘were P .

A,

"

P

jnjeé;ed into a gas chromatograph, yielding a single feak in
SN o

three cases. Identification of these compounds (whjch had

1

different rJ:ention times) was not pursued.
N \\ ., —-
; {
. ’
An oily material, (#33) failed to distill below 120°C.

Q

4




.Summary;

The differ{ngfsepanation méthods used each rééulted inm
thé {So}atiqn 6f.pure compounds., Of these, nine compounds
were selected for further identification:

| From column chromatogfaphyf #5 oily material
From distillation: : #33 oily materiai
From extraction: O Hex #1, Chio, #1/1, 1/2,
o 1/3, 1/4, and 1/5.

1

. . o ‘

3.4 ldentification of the isolated compoungds , -
Sirce gnly'sma]l_quanfities of méter1a1§ were is \éteh,
degradation and'preparation of .derivatives wgre not
pra&tica] methods for their identification, Limitéd
chemical tests for. functional groups could be carrie%kout:
e.g} tests for unsaturation by brominatiQn in carbon tetra-
chloride solution, for halogens.by éeaction.wifh silver a
nitrate and by\the_Bei]stein test, for*nitrogep by sodium
fusion; and for carbony1.§roups by reaction witH 2,4-dini- | \
trophény]hydraﬁihe. In general; Epectréscopic methods (mass
spectrometry (MS), infrared spectroscopy (IR), and proton A .
and qarbon-lé,nuclear magnetic resonance (NMR) spectroscgpy,
were e@ployed. In one che,.Compound 1, g]emerta] ana]ygis
was cérried 0 but, because of the high molécﬁlgr weights, .

‘elemental andlysis yas not considered a sufficiently sensit-

ive téchgjhue, particularly .as méss spectra were available.

L PO
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Chemical Tests B

1

T

ATl of the compounds isolated gave negative chemical
tests for halogen, ﬁitrogen,"and carbonyl groups. Tests

\
for unsaturation were inconclusive, pTesumab]y‘because of

the hidh molecular weights of the compoungs.'

Infrared Sbectrau

In%rared spectra were obtained forwallfof the isolated
compounds, with the exception of #1/1. The presence of an
ester function was indicated by tpé characteristic stfong
carbonyl bands in tﬁe 1750 cm‘? region; and byitwo C=0
absorptions in the 1300;1050 ¢n=1 region (Fig. 12). In
the case of compound 5 a more detailed 1dgnt1fication based
on the infrared spectrum was bﬁssible. Fo} this compound,
’the presence of an aromatic ring was indicated by the\band‘.
at 1575-1600 cm~! (C=C stretch)j. A broad band in the
fingerprint region of the spectrub (750 cm‘f) indicated &
a"disubstituted aromatic rin% system, and the characferistic ’
phthalate C=0 frequency (1280 cm‘]) was observed (Fig.
13). / \
Nuclear Magnetic Resonance Spectra

Because of thé high mo]ecw]ar weights of most of .the
,coﬁggﬂﬁas isolated, and the lgck of functiodaf groups to 2
iﬁtuce.chemfca1 shifts, fow field (i.e. coﬁﬁeniionﬁ1) NMR
spectra revealed little detai]ﬂ(Figs. 14 & 15). In-order to ™

1

‘optain as much information as possible from the spectra, the
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Bruker WH-400 spectrometer at the Regional High Field
Nuclear Résonance Laboratory (located at the University of
* Montreal) was employed. Some proton NMR spectra-were also

¢

~ taken usin§ the Varian XL-200 spectometer {200 MHZ) located

at McGill University. These spectra lacked sufficient dis-
“ r -

{ﬁersion to be very useful,
{

2}

. The operating frequenc;és emp]dyed‘fpr the spectra
reporﬁed were; ) .
¢ Proton spectEa - 400.00 MHz

Carbon-13 spectra - - 100.48 MHz

CDCl3 solutions were used.
Mass Spectrometry

Mégs spectrometry gavé conviqcidg proof of the preégnce
of ester functional groups in the isolated compounds, “and :
also helped to estabiish their molecular weights. The mass
spectra of esters in which the alcohol moiety is Cp or
greater are usu?]ly more cdmp]icated than the spectra of the
methyl esfergx gﬁcause the ﬁ]koxleqroup may participate in
ad&itioné] frahmentation and rearrangements. Rearrangeﬁents'
are particularly important in the mass spectra 5? esters:
frequent rearrangements invb]vinq one- or-two-electron
transfers give rise to the carboxylic acid cation and the

analogous protonated species, respectively.

L
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Fairly abundant rearrangement ions at m/z 60 and-m/z 6] are‘
observed in the sr;ectré of C» (or\' higher) esters of butyric

acid or higher acids (54). The fragmentation mechanism

suggested for their formation is as follows: .

N . ~
R H l. R' ’ ! R
1 V4 2 : 2
o / o /
\fH > 0 ' iHZ OH, CH2 :
! | | .
CHY) . CH > CH
2 L " g ~
{ s N 7 7 N\ s 2
CH 0 . CH C
2 . ” 2
1H Transfer ‘ZH Transfer
- + + f
OH ' \ | OHZ
/ Ve
CH,==C Ol 2mC
- 2 N \ . ~
. OH OH k )
m/z 60 m/z 61 -«
Cleavage alpha to the bx_ygen. of the alcbhol moity followed
by elimination of neutral forma]dehydoe may lead to‘ addition-
'al rearrangement ions in the ester mass spectra. (54) . ///

Interpretation of fraqmen‘tation p\eaks from alkyl cha'ins .///
followg the rules eﬁtablished- for~hydroncar‘bons (54),_,,7Tﬁ;
mass.-lspectr/a of normal hydrocar%ons exhibit c]u's’te/rs of
peaks'with the -Formu]a (CnHZH_{]), with the'peak intensity

decreasing as. m/z for the fragment increases. Other

o'
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prominent peaksy of composition (CpHon_1), }ncrease in
intensity relative to the (CnHZn-{) peaks, at 1ow§r
values of m/z. Chain branching causes a sharﬁ break 1q the
trend established for the normal paraffins owing to the
better stab111zat1on of a secondary carbonium ion. Mono -
methyl a]kanes under electron impact fragment by cleavage on
gither side of the methyl branch to give two ions with odd"’

m/z values, (CnHZn_]).‘ Subsequent ]oss_df a hydrogen atom

from these two fragmenf ions gives rise to the analogous

'even~m/z ions, (CnH2n). The ratio of relative abundances

(odd m/z)/(even m/z) appears to be a function of chain

length and of any additional branching present. For frag

 ment ifons containing 7 to 18 cakbon atoms, the ion peak of

even mass has a higher relative abundance than the odd mass
peak; the situation is reversed for fragment ions with more
than 18 carbbn atoms. The presence of a second methyl branch

Teads tovan odd mass peak with a higher relative abundance

.than the even mass peak (54).

t

In unsaturated compounds, hydrogen rearranqements are
prevalent, resultwng in the m1grat1on of radical sites a1oq§
the chain. Thus, mono-olefins which differ only with
respect to the position of the double bond genera]]y have
very s1m11ar mass spectra. The spectra are domwnated by
peaks correqunding to (CnHZn—l) fragments, yith peak inten-

sity decreasing with increasing mass.

—~L
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~In addition to peaks of odd mass, fdiﬁ1§ abundant peaks
cofresponding to ChHp, were observed. These mist have been

formed by elimination of an olefin (53, 54). -
1 ] .

»

" Compounds Isolated
| Sevén compounds were separated and subsequently purified
\ "by th{ﬁ-layqr chromatography (TLC). Five of the§e compounds
(1/1 - 1/5) were extracted from the hexane solutioﬁl Their
Rf/va1ues decreased from 1/1 ‘to 1/5, and their melting
'po{nié varied from 55 to 70°C. TQo other compounds, identi
1fied*asi#i,and #Chlo, were purified from a.hexane solution,
and were similar in appearance and physical/chemical prop-
erties. ‘The crystalline form of these compounds was ob-
.served using a low power micro§cope. |

-

Compound #5 -

*

This coﬁ%ound was optained from the benzepe extract by <

chromatography on silica gel (p. 28).

Infrared Spectrum.
The infrared spectrum (CClg4 solution, Fig. 13) shows a
_strong band typical of an ester carbonyl group at 1725 cm",

together with a C-0 stretching band of as ester near 1270
cm- 1. | ‘ . .

)
\ '

W '#arbqn-l3 Spectrum | 4 /s

The broad-band proton-~decoupled spectrum contains 13 re-~



42

so1ved s1gna1s, of varying intensities (Fig. 16). Four

s1gnals are shifted substantia11y downfield (be]ow 120 ppm),

typical of aryl and carbonyl carbon atoms, whereas the ?ther

signals appear in the range 10-70 ppm, typical of aliphatic

carbon atoms.

3

The chemical shift of the lowest field signal-(166.83

ppm) is consistent with a carponyl group, most probably in

an acidic or ester function (59, 60). The three s1gnals at-

higher field are consistent w1th)the presence of an ortho
di-substituted benzene (symmetrically Substituted). Two of
these signals have intensities tharacteristic‘of carbon’
atoms carrying protons (128.04 and 129.96 ppm), Qhereés the

remaining signal (132.02 ppm) has®the low intensity characr

téristic of quaternary.carbon atoms. These signals are well -

reso]ved and the presence of only three signals in the

aromatic region strongly suggests an ortho subst1tut1on

pattern with 1dent1ca], er very similar, substituents.
‘ ' /

A signal at 67.42 ppm suggests the presence of a carbon
agom carrying an axygen function (59, 60).. : The combination
of this signal and the signal at 166.85 ppm‘suggests the
| "presence of an ester group.

- 1

The remaining seven signals, in the 10-38 ppm region,

are characgeristic of two methyl groups (12.91 and 9.99 - — -

1

ppm), -a beta methihe carbon atom (38,17 ppm) and four
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methylene carbon atoms,(2917d, 28.15;.23.11, and 22.02 ppm)
(59, 60). |

. ~ L g
. Thus the carbon-13 spectrum is consistent with -an-ortho
phthalate ester, with identical alcohol moieties having

bfanched structures with two mgthy] groups. -

"The soivent (CDC13) signal ébpears (as a triplet) at
76.17;ppm. a : . ’ .
Proton NMR Spectrum

* The proton NMR spectrum (CDCIg solution) (Fig. 17)

" shows a characteristic AA'BB' (4H) multiplet, typical of the

4

aromatic protons of an ortho di-subsituted‘benzene, with the
A and the B-components centred at 7.5 and 7.7 ppm, respec-
tively. A complex multiplet (4H) centred at 4.23 bp, has a.

chemical shift typical of protons on a carbon atom adjacent

to oxygen. The complexity of this multiplet indicates that

it arises from non-gquiva]ent'methy1ene protons, suggesting

-

the presence of a chiral centre. Thus the substituents on

' the aromatic system. must be-branched so as to contain an a-

symmetric carbon—atom. ThisAfinding\is consistent with the
carbon-13 NMR spectrum, in which two ndn;equivalent meihy1r

signals, at -12.91 and 9.90 ppm, appear. The methyl proton

signals near 0.9 ppm, which integrate for 12 protons, are
~not fu]]& resolved, but ciear]y indicate: the presence of two

tyes of methyl groups. ‘A methine broton signal at 1.7 ppm

i
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has the sameyintegra] as each of tﬁe aryl préton signals
(Ewo protons), indicating that there.is ons methine proton |
lon e;ch alcoho’l moeity., The remaining ngné]s in the praoton
spectrum appear (near i.3 ppm) as complex multiplets due.to'
‘methylene protons, with iﬁtegra]s'cocresponding to 16 or 18
protons. The erra11 integral suggest§ that each alcohol
moeity contain§‘15 to 19 protons, corresponding to 7 tof9
carbon atoms. This analySis4is consistent with 'the carbon-

>

13 spectrum, which shows 8 resolved carbon signals for the

alcohol moiety. v

Mass fpectrum

The.mass spectrum (Fig.:]é) showgd the base peak at H/z
149, characteristic g% phtha]ates,‘@ith abﬁndant peqks';t
m/z 167 and m/z 279. A peak due to the molecular' jon could
not be positively idenfified, but a wedk peak at m/z 390 -can
be coﬁsidered as being probably due to the~molecuTar ion,

.based'on NMR evidence,

These spectral data suggest that Compound 5 has the
followin? structures (Fig. 19): -

Since iso-octyl phthalates of these types are ®mployed
extensively as p]asticiiers by the plastics industry, and

have become widely distributed, no further attempt was made

to eTucidate the structure.
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Al . ‘ EN

. ¢ Compound #1

This-compound was isolated from the hexane extract (p.33
: . l{g‘

L)

, Flow Charts 3 and 4).

Infrared Spéctrum
This\cbmpound hég a simple infrared specirum (CC1g4
solution) (Fig. 12) typ{cal of a coﬁpddnd with long hydro-
carbop éﬁains. The strongest bands (2850-2930 cm'])'qre_
tdue to C-H stretch1ng vibrations.. A mediium intensity band *
at 1765 cm‘] may be attr1buted to an ester carbony]
group.
Carbon-13 NMR Spectrum
The bréad-band'decoupléd carbon-fB spectrum (ﬁDCli
§o1ut16n) (Fig..20) exhibits 18 feso]ved:carbqn signals,
'witﬁ nost of the intensity 6qncentrated into a grouplof
. unré%olVed,lor'1ncompfete{y.reso]Ved;'signals at 28:29 ppmf’
The speétrum is consistent with an aliphatic ester struc-
ture. A relatively weak 'signal at 173.11é‘ppm has an /
inténsipy corresponding to_a carbon atom with ns attached
proton; and a chemical shift indicating an ester carbonyl
carbon (59,‘60). The next signa]yto higher fie)d appears at
63.46'ppm, suggesting a carbon atom adjacent to oiygen; the:
- intengity indicates that the carbon atom has attached
péotons. A signdl at 33750 ppm is attributed to the betar
carbon of thé acid moiety of the ester (59, 60). The;e
findings'ire con§isfgnt with the interpretation of the mass

[ { .
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~ frequency (100.48 MHz) employed.

Proton NMR Spelctrum

1 .
I i X i
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|
|
l

l

/

"spectral data for this compound. ﬁlthough two (at least)

] ;
methyl carbon signals at high field wou]d(be anticipatgd\for
. ] f

| .
“a long chain aljphatic ester, only one sjgnal (at 13.07 ppm)

!
clearly attributable to a methyl group clan be identified.

The chemikal s 1ﬁfs of the remaining si na1$ in the high
field region correspond to methylene ca bon\atoms. [t seems
Tikely that th a]iphatih.chains of thelacy] ané“the alcohol
mogeities are sufficifently long that accidential chemical

ghift equivalence of the methyl groups results in the-

appearance of pnly one signal, even at Ehe hibh(operating

L

: i,
The proton| NMR spectrum (Fig. 21) consists of a triplgt

’ \
~(2H, J = 6.7 Hz) at 4.06 ppm (CH20 methylene protons with

a methylene nejghbour), a.triplet (2H, J = 7.5 Hz) at 2.29
ppm (CHpC=0 with a methylene neighbour), and an unresolved
multiplet (4H)lat 1.61 ppm (methybenes displaced to low

field by oxygen functions), an intense, unresolved methylene

%
envelope (78 - 80H) near 1.3 ppm, and a well]l resolved trip-
i

let at 0.88 ppm (J - 6.8 Hz), with an integ at;d intensity
corresponding to 6 protons, i.e. two methyl groups (with

retfiylene neigrboufs). The methyl proton signal is thus .

|

consistent with the single signq} observed ﬁn the carbon-13

spectrum (see dbove).
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Mass Spectrum
The mass spectral data (Fié.'22) indicate a mo]ecu1ar

weight .of 732 daltons, and identify this material as Ti6

. T,
acid ester of a saturated C34 q]cohol.‘ The proposed
molecular formula, baéed on the.mass'spectrum, ;%
: ' C
i CH3-(CH2)14- COz (CH2)33CH3. .
‘ » Al
ol v
El mental Analysis . . 4
Calculated.for CogHiogOz: %C 81.96, %H . %0 4.38 ,)
"] 13.66, Found: %C 82.17, %H 14.14, %0 3.69

e

-
[} . ~ 9

Compound #1/1
A1l _of the, compounds in this series were jisolated from

the hexane extract (Flow Charts 3 and 4),

Proton NMR Spectruh

This compound exhibits a spectrum (Fig. 23) typical of
‘an aliphatic hydrocarbon, with no s;gnals at 1oweﬁ fielda
thdﬁ 1.5 ppm. The only well resolved gigna1 ﬁs a methyl
triplet (q = 6.8 Hz) at 6.88 ppm, indicating that the éom-
pouﬁd contains a terminal -CHpCH3 fragment. The remain-
‘ der of the spectrum consists largely of a .methylene envé]ope

near 1.3 ppm., -Thus;_ the spectfum.is consistent with a

linear alkane structure.

~
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o Mass Spectrum'(Fiq. 24) . ) f

£ o
On the.basis of the observed molecular ion peak at m/z

436, and a fragmentation pattern cofisistent with a saturated

aliphatic hydrocarbon, the proposed é]emental formula 1is

C31Hgg. The mass spectrum further suggests that mono-methyl

branc¢hing occurs at C-4.

/

®

Comﬁpund #1/2

-

Proton NMR Spectrum : . \
The spectrum of this cbmpound differs in only minor

resgects “from ;hat of Compound #1, the general anpearance of

v

the spectra being the same, and the chemical .shifts of the

L .

-\

resolved sigﬁa]s identical (Fig. 25).- The only differences

are in the' region of the methylene envelope, and it s not
clear that they are significant.

oo

&

}\ o]

1f the highest m/z peak in the mass spectrum (m/z 676)

o

(Fig, 26) is assumed to be the d%lecylar ion, then the base
beak-at m/z 257 can be r@t1ﬁ@a1ized in terms of a double

McLafferty rearrangement from a C3p ester of palmitic
acid. Other peaks in the mass spectrum are consistent with

.

a reqular sequence of two-carbon fragment eliminations.

Hence this compound dppéars to be an gstef of a long
chain cérboxylic acid and a linear alcohol.

ANEN

+

¥
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- Compound #1/3 . .v,/'

-

This compound was recovered from the third band of the

[ 4

preparatlve TLC, aud was identified as an ester by 1ts

'z.lnfrared and proton%ﬂMR !pectra. The mass spectra (Fig. 27)

‘r_.,\ ‘b‘-

" showed that tthQMifér1a] is ¢ mixture of 1/2 and an unknown

*"’h" S

. substance. If the*highest peg; in the mass spectrum (m/z

©730) s taken as&being due to the molecu1ar ion of the

impurity, and*the spectrum is compared with that obtajned

from #1/2, the impurity may“bé tentatively identified as an
unsaturated C34-ester. of palmitic ati&.
Compound #1/4

Proton NMR Spectrum -

The spectrhm.of this compound (Fig. 28) has a strong

'resemb1ance to those of #1 and ?1/2 e.g. it contains a o

methy] triplet at 0.88 ppm (J - 6.8 Hz), indicating a term-
inal ethyl group, a methylene triplet at 4,05 ppm v
(d = 6:8 HZ), an envelope near 1.7 ppm due to methylene ‘
and/or méthine protons shifted to lower fie{d, and an in-
tense methylene envelope near 1.3 ppm. “However, -the signal
near 2.31ppm, which appéags as a triplet in #1 and #1/2‘and

is attributable to a methylene group adjacent ta,a carbony]

“group appears as four Tines in this spectrum. The spectrunm

contains resolved signals on the high field side of the main
methylene enVeTope which are absent from the spectra(g;.the
other compounds. In additin, there is a quartet at 4.9 ppm.

suggestive of a vinyl proton. The intensity of this signal




is lower than that-of the -CHpg- signal, suggesting a
single vinylic proton. ] ~ .

!

The most probable structure indicated dy/p&e prqton“'

o~

speélrum is ;%at of a long chain ester of an unsatufated,
carboxylic acid. An a1terﬁative explégation that this
éample consists of a mixture of a saturéted\lbng chain ester
and some unsaturated material cannot bg‘ru1éd out from '

proton Spectral data.

Méss_Spectrum , N

The mass spectrum (Fig. 29) in the region'm/z'700-800
éuggests that the molecular weight of 1/4 1£ greater £han
800, but an exact value cannot be assigned.™ The mass
spectrum dispfayed features;cohmon to the spectra of all of
the long chain esters: abundant peaksﬁﬁt m/z 257 (MclLafferty -
rearrangement) and m/z 236_(loss‘of wéter and hygrogen re-
arrangement), and the peak{at m/z 446 which can be ration-
alized in terms of fission alpha to the oxygen of the
alcoﬁo1 moiety. These péak§ are cdﬁsistent”@ith a Cyp
unsaturated ester. Variatiansl%n the mass spectra among the'

3

wax esters may result from differing sites of unsaturation,K .4

and/or branching. {

J ‘I
Compound #1/5
The mass spectrum (Fig., 30) of this compound showed .

that fragmentations due to the acid chain were éjmi}ar to .

/.
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those observed for 1/4, The identity of the alcohol moiety

i's uncertain, and hence the molecular weight cannot be

¥

estimated. The highest m/z peak in the mass spectrum is at

m/z 745, and the "spacing of fragmeﬁt ion peaks suggests loss

of methyl\radicaf and-olefinic groups.

Compound #Chlo

" This sample, isolated from the‘mexane solution (p.33 )

'
-

proved to be a miiture, one component of whicﬁ was identical

to #1/2. .:The impurijty was ideﬁtified by mass §pectrometry
Vs .

(Fig. 31)-as a hydrbcarbon'of molecular weight 464 daltons,

\

. !
having a single methyl branch at-the end of the chain.

Compound #33
This compdund waslrecove'redk b:y disti]]atio}\ of materia? _
obtained by steam di;ti]1at{on. If was shown by mass spec-

tometry (Fig. 32) to be a mixture, .0ne component of which

‘was a phthalate. -
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4, DISCUSSION
There is" a high percentage of wax in propolis. - In the
eariy days, when research was hainﬂy directed towar&s
neutral products, Helfenberg and Dieterich (1, 9) and others
determined the wax contgnt of proboiis. Since then some
studies have appeared on the subject of beeswad (52), but no
detailed research has been undertaken to separate and
identify the comg}ete arrqy of wax esters presenf in bee
glue (probo]is). »
Thg present work did not start'out‘directly to study
the ester constituents of propolis, but rather'to‘sebarate
/ )

any compounds which’ had not been identified previously, and

were.bio]ogicé]]y active. TQ; chromatographig method
resu]teq in ane pure compouqd_With active anti-mildew
characteristics (Cbmpognd 5). It was identified as a bis-
“isoocty] phtha]at;. Its isolation and identification rafses
the question ofwhethef it is a genuine constituen? of
propolis o6r an Ertifact whichlcontaminated the eluent during
chromatography. A second'phthalate’mixture (#33) 'was
isolated one year later by another method-(stgam distill--
affon)., The second phthalate has the same base peak at m/z
149 ip its mass spectrum as the first phthalate, but it has

a higher molecular weight. We may assume that the two

’

compounds originated im propolis.

Separation of consituents by pregipitation from the

) v !
, .
\\ ‘ /
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‘work1ng extracts proved to be éﬁccessfu1 and provided a
framework for a more organ1zed study. The wax content of
propolis was divided according to its solubitlity into, four ’
fractions (hexane, benzen;i chloroform, and éthanol); each
fraction wa§ subsequently’precipitated into subfractions.
The four main groups included almost the‘tdta] wax content
of propolis. Each main group was bio]ogida11y'active. Sub-
fractions 9, 7, 6, and 4 of the hexane extract were then
separated and identified. It was only possible to éarry out
‘a small section¢pf the comprehensi‘g plan; this resulted in
the isolation of five pure compqunds. $ix wax ester frac-
fions (#1, #Chlo, 1/2, 1/3, 1/4, 1/5) apd one paraffin (d/l)

were isolated from the hexane subfraction. : ‘

A white crystalline material was isolated irom the
water extract and was purified. It melted, with decomposi-
tion, at 1§4°C. ,Cizmarik and Matel (15) Hgve described a
similar material recdveréd from @n ether extract. It was

‘1d:dtifjed as 3,4—dihydroxycinpamic acid (caffeic a;id)
(m.p. 195°C) by thdse authors. Tdo little material was
ayai?%ble to permit further investigation.

‘ Y

Steam distillation of propolis, followed by fractional
distillation and gas chromatography, }esulted in the seépa-
ration of three compounds, which were not identified‘bedausq
of the small quantities available,/ These compounds had the

/
interesting property that their biological-activity was
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f

reversed, Ins.te_ad of inhibiting mould ~formationm, they pro-

*

mqted‘gnowth three t_;1mes faster than that of the.control,

!

under the same conditions. ‘

| A searchy/of the h:?terature /i/*/evealled that the compounds
descr'ibed above have not been reported previously by dther
worker//s who have isol'ated components of prépolis. Thus,
this study has provided;a further contribution to the Qnder-
standing of the nature of the complex character of '

propolis.

-7
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5. CONCLUSION’

The objective of this study was. to separate and
identify components of propoliis_w"hich were not descrdibed in
tﬁe iiterature. ~ Furthermore, éepa‘rate compounds which also
sHow a.nti-mﬂdew characteristics were looked for. The
present wor‘k resulted in the isolation of seven pure
compounds. Only one compound retained its biological
activity on purification. The bis-isooctyl phthalate
.prevented the growth of moulds on agar agar. The\bio]ogica]
activity of the other.separated compounds diminihs‘hédxas the

purification proceeded, to the poin't that the pure compounds

Jost their activity entirely. It is not clear whether the

imp‘l'Jr‘e fractions were active biologically or whether af
synergistic effect was operating., Testing ‘the removed /
1mpur1ty showed only wegk anti-mildew characteristics. No
further work co[ﬂd be undertaken to settle the question
which arises about the lost act1v1ty because of lack of

. |
time. |

[t is evident from the work described that propolis 1‘5
a very _complex mixture, .and the bresent work is only a small

| ‘
contribution to the many questions asked by people who are

acquaintedlwith this natural product.

LY
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'G.L SUGGESTIONS FOR FUTURE WORK

i . /ﬁ
:

thé diverse pr.o.perties 6f pr‘op”olis deserve a more

[y

.sys_temat,ic investigation. To complefe the determination of
.the wax ester content of proproiis, gas chromat/ography ('ana‘-
~Tytical and ’prepar_ative scale) -would be a valuable

tgéhnidue. Hydro]ysis of the- isolated esters, foHoweq by
preparahtion of Qo]atﬂe derivatives and their 1dent1f‘1’cation

J
by gas chromatography/mass spectrometry, would establish the

e
hd I

;tructurés of the esters.

It would be usefu‘? to estabhsh the sources of biolo-
gica] activity in the crude wax extracts, s1nce these
materials might have u\sefu‘ﬂ properties, e.g. in food preser-

“ ’ Y

Vat'ion. s ’ ' 7
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- Ten day old mould culturé on Czapek's medium

with organic solvents. 'l: Ligroin; 2: Hexaﬁe;

3: Carbon tetrachloride; 4: Control,
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