EFFECT OF GARLIC EXTRACT ON SOME
PHYSIOLOGICAL AND BIOCHEMICAL
ACTIVITIES OF CERTAIN MICROORGANISMS

S K @/M/“ /\ -

THESIS X

SUBM

'\l‘a In Partial Fulfilment for the
g N Requirements of the Degree of J
™ Master of Science
In
(MICROBIOLOGY)

BY

KHALED ZAKARIA EL-BAGHDADY
B.Sc. (Honour)

iy 3
:;}’ | 7 !
Ain Shams University
Faculty of Science
Microbiology Department .- T
@_\ . . ja?
1995

Central Library - Ain Shams University



(N sl

] .
f.‘-"“'&b =

(i s xgy

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



This thesis has not been previously submitted for any degree at this or

any other University.

Signed

Khaled Zakaria El-Baghdady

Central Library - Ain Shams University



ACKNOWLEDGMENT

The author wishes to express his thanks and gratitude
to Prof. Dr. MOHAMMED R, ABU-SHADY Professor
of Microbiology and Vice Dean Faculty of Science for
Post-graduate Studies and Prof. Dr. FAWZKIA M.
EL-BEIH Professor of Microbiology, Faculty of Science,
Ain Shams University for suggesting the point, supervising
the work and providing every scientific assistance for

presenting the thesis.

Thanks are also due to Head and Staff members of the
Microbiology Department, Faculty of Science, Ain Shams
‘University.

Central Library - Ain Shams University



ty

Iversi

Central Library - Ain Shams Un



CONTENTS

Page
LSt 0f taADIES ... e \
LSt OF TIGUIES ... e e vii
List of photographs. ... ... e e Viii.
Preface ettt e 1
Historical Review
Occurrence of lipids in MICTOOTZANISMS, -........oooooorvovvvcecie e e 3
Effect of garlic extract on the growth of microorganisms... ... 6
Mode of action of garlic extract in microorgamsms................ et 11
A) Effect on lipid metaboliSm. ..., S 11
B) Effect on protein and nucleic acids. ..o 12
C) Effect of garlic extract on enzymes. ... 13
Other effects of garlic on MICTOOTZANISMS ... 14
Mode of action of garlic extract on humanand ammal
MELADOIISTIL et e 15
Other pharmacological effects of garlic ... ... 20
Materials and Methods
OFZANISIMS  USBU. ..ot ettt e e 25
Garlic extract preparation. ... et 25
Antimicrobial activity of garlic eXtTact ..., 25
Medha and culture conditions. .......c..ccccccccci e e e e 26
Garlic SUPPIEMENLATION. ........c..ccomieemriiemriesesieoee e 28
Lipid SUPPIEMENLAtION. .....cooceeeve e crireesomsoresceresesrnse et sscrnnsn. ST 28
Extraction and analysis of Tp1dS. ..o 29
A) Extraction and purification of total lipids........ e 29
B) Lipid analysis........omen. e e 29

Central Library - Ain Shams University



i

Page
Quantitative estimation of total Hpids.........coovi i, 30
Quantitative estimation of phospholipids.........ooi 32
Analysis of methyl esters of fatty acids by GLC........... e 34
Analysis of AMINO ACIAS. ..o e 35
Quantitative estimation of total protein content.................coornnn 37
Quantitative estimation of NUCleic acids. ......ocoooveroeoiv e 38
Estimation of RNA content.......... ... e et e 39
Estimation Of DINA CORMUENL. ..ot essssessessseemeesssreseesn e 40
StatiStCAl ANAIYSIS. .- covveoeveeeceeerieecriossss et sst et 41

Effect of Garlic Extract on Growth and Nitrogen Metabolism
of Some Microorganisms.

Effect of garlic extract on the growth of some microorganisms.......... 42

Effect of garlic extract on total proteins of some microorgamsm........... 42
Effect of garlic extract on total DNA of some microorganisms................ 42
Effect of garlic extract on total RNA of some microorganisms............. 47
Effect of garlic extract on qualitative and quantitative determination
of the amino acid pattern of bactenal, yeast and fungal cultures.. .. .. 47
Effect of Garlic Extract on Lipid Metabolism of Some
Microorganisms.
Effect of garlic extract on total lipids of some microorganisms............., 55
Effect of garlic extract on total phospholipids of some
POLCTOOTZANISITES. ... . eooeveioe e e s e b eeeeee e oo 55
Effect of garlic extract on the pattern of fatty acids of some
MICroorganisims............ e e e 55
Effect of garlic extract on the pattern of lipids in some
TALCTOOTZANISIIIS. ...oooooovoevs o eemeeoeemeesieeesse e sesemessess et s eees e 64
1- Total IPIAS.. oot 64
2- Phospholipid fatty acids.......cooimicimciccscecesiscomirees s 67

Central Library - Ain Shams University



Page
Protective Effect of Lipids Against the Antimicrobial
Effect of Garlic Extract.
Effect of garlic extract on the growth of Fusarium tabacinum
with or without lipid supplementation................. SO 73
Effect of garlic extract on the total proteins of Fusarium
tabacinum with or without phospholipids supplementation..................... 76
Effect of garlic extract on total DNA of Fusarium tabacinum
with or without phospholipids supplementation. ...t oo, 76

Effect of garlic extract on total RNA of Fusarium tabacinum
with or without phospholipids supplementation. ...t oo 81
Effect of garlic extract on qualitative and quantitative determination
of the amino acid pattern of Fusarium tabacinum with or without
phospholipids Supplementation. ... ... oo oo 81

Effect of garlic extract on total lipids of Fusarium tabacinum
with or without phospholipids supplementation. ... 86

Effect of garlic extract on phospholipids of Fusarium tabacinum
with or without phospholipids supplementation. ... . 89

Effect of garlic extract on total lipid pattern of Fusarium.
tabacinum with or without phospholipids supplementation. .................. 89

Effect of garlic extract on phospholipid fatty acids pattern of
Fusarium tabacinum with or without phospholipids

SUPPLEIMENEALEON. ..ottt 89
DASCUSSIOM ..o et 93
SUIMIMIATY .o et s, 104
REFEI@IICES. ... eeeee et eeee oo e 109

Arabic Summary

Central Library - Ain Shams University



Table (1)
Table (2)
Table (3)
Table (4)
Table (5)

Table (6)

Table (7)

Table (8)

Table (9)

Table (10) :

Table (11) :

Table (12) :

Table (13} :

Table (14) :

Table (15) :

List of Tables

Effect of garlic extract on the growth of some microorganisms.
Effect of garlic extract on total proteins of some microorganisms.
Effect of garlic extract on total DNA of some microorganisms.....

Effect of garlic extract on total RNA of some microorganisms

Effect of garlic extract on the content of individual amino acids
extracted from the cells of Bacillus subtilis

Effect of garlic extract on the content of individual amino acids
extracted from the cells of Escherichia coli

Effect of garlic extract on the content of individual amino acids
extracted from the cells of Candida albicans

Effect of garlic extract on the content of individual amino acids
extracted from the cells of Fusarium tabacinum

Effect of garlic extract on total lipids of some microorganisms.

Effect of garlic extract on total phospholipids of some
microorganisms

Effect of garlic extract on the pattern of fatty acids of Bacillus
subtilis

Effect of garlic extract on the pattern of fatty acids of Candida
QIBICARIS . ......oooovoo et

Effect of garlic extract on the pattern of fatty acids of Fusarium
tabacinum

Effect of garlic extract on the growth of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without lipid
supplementation

Central Library - Ain Shams University

Page

48

49

52

53
S6

57

59

60

61

63



Table (16)

Table(17)

Table (18)

Table (19)

Table (20) :

Table (21)

Effect of garlic exiract on total proteins of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids suppiementation

Effect of garlic extracton total DNA of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholiptds supplementation. ... .o

Effect of garlic extracton total RNA of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids supplementation

Effect of garlic extract on the content of individual amino acids
extracted from the mycelia of Fusarium tabacinum grown for
7days on Dox's broth medium with or without phospholipids
SUPPIEMENTATION. .....cooooo e

Effect of garlic extracton total lipids of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholiptds supplementation

Effect of garlic extract on total phospholiptds of Fusarium
tabacinum grown for 7days on Dox's broth medium with or
without phospholipids supplementation. ...

Central Library - Ain Shams University

Page

77

79

82

84

87

91



Fig. (1) :

Fig. (2) :

Fig.(3)

Fig. (4) :

Fig (5) :

Fig. (6) :

Fg (7) :

List of Figures

Effect of garlic extract on the growth of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without lipid
supplementation

Effect of garlic extract on total proteins of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids suUpplementation. ... e

Effect of garlic extracton total DNA of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids supplementation

Effect of garlic extract on total RNA of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids supplementation. ...

Effect of garlic extract on the content of individual amino acids
extracted from the mycelia of Fusarium tabacinum grown for
7days on Dox's broth medium with or without phospholipids
SUPPIEMEMEALION. | ..ot oo

Effect of garlic extract on total lipids of Fusarium tabacinum
grown for 7days on Dox's broth medium with or without
phospholipids supplementation. ..... ...

Effect of garlic extract on total phospholipids of Fusarium
tabacinum grown for 7days on Dox's broth medium with or
without phospholipids supplementation

Central Library - Ain Shams University

Page

75

78

80

83

85

88

92



Photograph (1) :

Photograph (2) :

Photograph (3)

Photograph (4) :

Photograph (5)

Photograph (6)

Photograph (7) :

Photograph (8)

List of Photographs

Paper chromatogram showing the effect of garlic extract on the
total amino acids of B. subtilis, E. coli and C. albicans

Paper chromatogram showing the effect of garlic extract on the
pattern of amino acids of Fusarium tabacinum with or without
phospholipids supplementation. . ...

A typical thin layer chromatogram showing the total lipid pattern
of E. coli and B. subtilis with and without garlic extract
freatment

A typical thin layer chromatogram showing the total lipid pattern
of C. albicans with and without garlic extract treatment.........

A typical thin layer chromatogram showing effect of garlic extract
on the total lipid pattern of Fusarium tabacinum with and
without phospholipids supplementation. ...

A typtcal thin layer chromatogram showing the phospholipid fatty
acids pattern of £. coli with and without garlic extract treatment..

A typical thin layer chromatogram showing the phospholipid fatty
acids pattern of C. albicans with and without garlic extract
treatment

A typical thin layer chromatogram showing effect of garlic extract
on the phospholipid fatty acids pattern of /. tabacinum with and
without phospholipids supplementation.............. oo

Central Library - Ain Shams University

54

66

68

69

71

72



PART I

PREFACE

HISTORICAL REVIEW

MATERIALS AND METHODS

Central Library - Ain Shams University



Preface

Garlic (Allium sativum) is a common plant widely used all over the
world. It has a long history of use as spice, food and popular remedy, being
mentiocned more than twenty centuries ago in ancient Chinese medical
literature. Similarty, ancient Egyptians used garlic in the treatment of many

diseases since several centuries ago.

Recently, the medical importance of garlic has increased especially
during the last decade. It has been reported that garlic possesses anti-
infectious (Tasi et al, 1985; Adetumbi and Lau, 1986; Didry et al., 1987,
Yoshida er al., 1987 and Noms et al., 1991), anticarcinogenic (Hayes et al.,
1987), hypolipidaemic (Lau et al, 1983), hypoglycemic (Chang and
Jonson, 1980), antithrombotic (Ali and Mohammed, 1986; Blockeral.,
1986; Jain and Apitz-Castro, 1987, Wagner et a/., 1987), antihypertensive
(Malik and Siddiqui, 1981 and Ruffin and Hunter, 1983) and
antiatherosclerotic (Lau ef al., 1983) properties. Similarly evidence suggests
a potential role for garlic in the control of cardiovascular disorders { Dausch

and Nixon, 1990).

On the other hand, it is now well documented that garlic extract
possesses antiviral, antibacterial and antifungal activity (Appleton and
Tansey, 1975, Barone and Tansey, 1977; Formtling and Bulmer, 1978 and
Helmstetter et al., 1979).

Therefore, the object of the present investigation was to study the

mode of action of garlic extract in the control of both bacteria and/or
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