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Summary

Plant secondary metabo ites have been demonstrated to act as self defence
agents against other species. Allelochemicals found in barley, gramine and hordenine,
have similar effects on other plants, fungi, bacteria and insects (invertebrates).
However, there has been a lacl: of evidence for barley allelopathy as a self defence
mechanism égainst vertebrate an;mals.

Four experiments were carried out to study the effects of the secondary
metabolites of barley, gramine a1d hordenine, on the growth of two vertebrate species
(laboratory mice and broiler chickens). The objectives of the study were to provide
information on the potential valie of these metabolites in self defence of barley against
vertebrate pests. All experiments were conducted at the Animal House of the
University of New England, Armidale, NSW. Water and feed were provided ad
libitum. There were two different levels, 50 and 500 ppm, of both gramine and
hordenine which were incorporated into the feed of the treatment groups.

The first experiment was designed to assess any possible adverse effects of both
alkaloids on mice. Laboratory' mice were given feeding choice between standard
laboratory feed and alkaloid-containing feed. In the second and third experiments,
animals (both mice and broiler chickens) were not given feeding choice but were
provided with different concentrations of either gramine or hordenine in feed. The last
experiment studied possible synergistic effects of the two alkaloids, gramine and
hordenine, on broiler chickens.

Overall, the treatments did not significantly affect the growth of mice and
chickens. However, gramine 500 ppm in feed significantly reduced feed intake in mice.
Small quantities of both gramine: and herdenine were recovered from the livers of both
animal species through High P:rformance Liquid Chromatography (HPLC) analysis.

However, when mice were give 1 feeding choice, the recovered gramine and hordenine



were detected from high level reatments (500 ppm) only. The amount of alkaloid
recovered was associated with tt e concentration given in feed.

The main finding of the present study is that gramine had more effects than
hordenine on the animals tested. A high concentration (500 ppm) of either gramine or
hordenine was sufficient to indiice changes in liver structure of the chickens. These
changes were indicated by cell vacuolation even though they were not necessarily
associated with reduced feed irtake or growth rate of the animals. The changes are
congruent with damage obser’ed in cells of other species exposed to secondary
metabolites.

Broiler chickens provided a better model for this study than did laboratory
mice. Broiler chickens have 1 very fast growth rate and are able to seek food
immediately after hatch. However, laboratory mice cannot be weaned until three
weeks after birth and have attaiied a significant proportion (up to 80%) of their adult
body weight by the time they ar: introduced to the experimental feeds. Therefore, the
effects of allelochemicals on feed intake and growth rate in vertebrates are more likely

to be demonstrated in broiler chickens than in mice.



vi

Contents
Page
Declaration..........ccceeeeeieiierieeeece s ii
ACKNOWIEAGMENL .......oceeieieee e e ii
SUMIMANY ..ottt ettt sttt s se e e e e smesassas e s s v
LiSt Of fIQUIES .....oveeeeiee e X
List Of tables........cooerinieiicic e xi
List Of Plates......ooueeie e xii
Chapter 1. INtroduction ...........cccecuiieiiiiiiiiiiiiiiin e |
1.1. History of AGriCUltare .........ceeieiiiiiiiiiiiiiiiiiitiiint e 2
1.2. Pressures on AGIICIITULE. ........cooiviiriiiinieiiercieee ettt 2
Chapter 2. Literature ReVIEW ..........cccovvviiiiiiiniiiiiiiiiiiic e 6
2.1, ALlClOPathY ..ccooeies e e 7
2.2. The history of allelopathy ..........ccccoiiiiiiiniiiiniiis 8
2.3. Allelochemicals: secondary metabolites............cccevevuveeiriiiiieninirencinnenen. 9
2.4. Release of allelochemicals from plants ...........ccceveeeieiiniiiininiiiininneenn. 11
2.4.1. VolatiliSation .......eceiiremeeeianieeenciiiccererre e 12
2.4.2. ROOt EXUION....cocuiiiiiriieiieeniicncctecie e 13
2.4.3. Leaching ... .occceevuee ettt e s 15
2.4.4. Decomposition of plant residues...........cocccveviviiiviiiiiiiniiniennnn, 16
2.5. Transport of alleloc hemicals in the environment............ccccooeeiiinnennnnn. 18
2.6. Factors affecting the production and activity of allelochemicals............. 18
2.7. Activity of alleloch3micals .........ccccevrviiniiiiiiiniiiiiii 23
2.7.1. Effects of allelochemicals on weed management ............cc.......... 24
2.7.2. Effects of allelochemicals on other organisms ............ccccccceeeeeeeen. 25
2.8. Interpretation of the effects of allelochemicals ..........c..cocceeeiiiininnin. 28
2.9. Occurrence of allelopathy in crop plants ...........cccoceviiiniieiiiiniiiinnnnen. 30
2.10. Common features of allelopathy in Crops ........ccccceeiiviinniiiiiiniinnneen. 31
2.11. Barley as a case s udy for allelopathy in Crops.........ccccccoeuiiiiiiiiiinnnnn. 37
2.11.1. Activity o barley allelochemicals against weeds ...................... 39
2.11.2. Activity o: barley allelochemicals against other organisms....... 40
2.11.3. Deficiencies in knowledge and need for further research.......... 42
Chapter 3. Materials and Methods ...........ccccoviiiiiiiniiiiiiii, 43
3.1, INtrodUCHON ...t ettt 44
3.2, ANIMAIS ...oeiiiiiiiic et 44



vii

3.3.1. Mouse Feed .....cooooiiiiiiieiieieeece e 45
3.3.2. Chicken Feed ......c...coiiiiiriiiiiniiiiieceeeeeeeceeiccceiec e 45
3.4. Housing, Care and Maintenance ..........cccocecveeeiiiiiiineeeninincicnninninnnnenn. 46
B4 1. MICE.ccii it cettieeei ettt ettt e e e e s e e e e 46
3.4.2. ChiCKENS ... eeveiiiiiiiiiiericeii et 46
3.5. Sacrifice of Anima s and Collection of Tissue .........cccocvvveririrereriiceennnnnn. 47
3.6. Determination of C ramine and Hordenine...........ccoecceeeeivecenniiennnnnennn. 47
3.7. Histological EXamination...........c.ecccueeeereiiiereeniieieeneeietee e eeeeinee e 50
3.8. Experimental Desifin .......cccccevvieiniiiiiiniiiiiiiiiieccnece 51
Chapter 4. Preliminary Assessment of the Effects of Gramine and Hordenine on
Vertebrates...... .cc.cceevverennnnenn. bt e et e e e st bt e et e e s b bt e e e e aabas 52
4.1. Introduction ......... cocceeeveerneennen. e et e e s 53
4.2. Materials and Methods ...........cocveeeieiriiiiiniiiinieeereeeee e 53
43.Results....ccceevvevviniiiiinniniennninnn. e eaeaeeeeasaeaeaaaeaeseeteeeaeaeernrrnnnas 55
4.3.1.Body Weight....cccuciriiiiiiiiiniiicceccicete e 55
4.3.2. Feed Intake ...................... ettt et e e e et et e et e e e abeaeas 55
4.3.3. Liver Weight ...coocceviiiiiiiiiiiiiiciccceeeee e e 57
4.3.4. HPLC Analy'sis Of LIVET ......ceevivrviiieiiiiiiiiieeeiieececeeineeee e 59
4.4, DISCUSSION ... .uuuvireteerierioiiirirreeresssisreereeeeesssssessasarsrananetesessssasssassnsssnsnns 59
Chapter 5. Effects of Gramine and Hordenine on Mice.........ccc.ccceveviuiiceinnnennnn. 62
5.1, INtrOAUCHION ...ttt st 63
5.2. Materials and Methods ............coveveeeeniieiniiieiiiccceecse e 63
5.3 RESUILS ...ttt bar e e 64
5.3.1. Body Weight..coeeieiiieeieeeeteteeee e 64
5.3.2. Feed INtake ......cevveriiiiiinieieeeeeeeeee et 64
5.3.3. Liver Weight..cocuveiiiiiiieeceeeee e 66
5.3.4. HPLC Analysis Of LIV .....ccoveiiiiiiiiiiiiiinecceiecceieeeeeee 68
5.4, DISCUSSION....cccciiiiiiiiiiiiiiieieeiiiit et e e rereree e e eeeeeeees 68
Chapter 6. Effects of Gramine and Hordenine on Broiler Chickens.................... 72
6.1, INtrodUCHION ..cooiiiniiiiiiiiiieiee ettt 73
6.2. Materials and Methods ........oovviviiiiiiiiiiiiiiiiiicecre e, 13
6.2.1. Experimente] Design .........ccccovvveiiiiiiiiniiiiniiniiii e, 73
6.2.2. Data CollECHION ...ccoeuueiieiiieeeee e 74
6.2.3. Histological EXamination............cceeeevveerucrnnuennciieienrenieeee 74
6.3. ReSUILS ..o et eeeeraees 74
6.3.1. Body Weight.....ooooiiiieeeeee et 74
6.3.2. Feed INtaKe .......coovimiiiriiiieiieice ettt 76
6.3.3. LiVer WeIght.ueeiiiiieeiieeeee et 77
6.3.4. HPLC Analy'sis Of LIVET .....oveiiiniiiiieiieiiiieecciee e rireeee e 77
6.3.5. Feed Conve 510N Ratio........ccccovvriimiiiiiiiiiiiiiiiieieeeeccececeeee, 78
6.3.6. Histological EXamination.........cccceevvveeniiieernnireinieesesieeneeenenns 79
6.3.7. Additional (bSErvation...........ccceeevueeriveeeniensiereciiesireesreeeneeeeanees 80

0.4, DISCUSSION ...uueieiteieeeeetee e eeee e e e st taeeeereseeeaeeneresaasasssssensssensasssssnanessnnns 80



viii

Chapter 7. Synergistic Effects of Gramine and Hordenine on Broiler Chickens.. 86

7.1, INtrOdUCHION «..eevneiiiiiiieciiiiccttrcice e 87

7.2. Materials and Methods ........cccceviiiiiiiiiiiniiiiiii e 87

T3 RESUILS .t 88

7.3.1.Body Weigh ..o 88

7.3.2. Feed INtake ..........ccoocvuviiiiiiniiiiiiiiiiiie i 88

7.3.3. LAver Weigh ..cocceiiiiiiiiiiiinc e 89

7.3.4. HPLC Analysis Of LiVET ....c..ccccoveiiiiniiiiiiiiiiiiniicieiccnncccns 89

7.3.5. Feed Conversion Ratio......cccocieeviiieiiiiiiiiiiienniiiiciinccceneeeas 91

7.3.6. Histological ZXamination..........coeeeveeeeeererriuieeeereininereeseseeineneeees 92

7.4, DISCUSSION.....cetiieiieiiiiiiiiitiiiite ittt e s e s 92

Chapter 8. General DISCUSSION .........coeieieiieiieiirieeenereeeeeeerreee e e e e 96

8.1. General DiSCUSSION.....ccccuieiiiriiiiiiiiiite et 97

8.2, CONCIUSION ...covunvieiiieeiiie ettt 104

References ........ccocueennee. et et r e s ra e s aab e e seas e s 106

Appendices

Page

Appendix A: The composition of Custom Mix mouse feed.............ccocerreueenne 129
Appendix B: The composit.on of Chick Starter Feed and Broiler Finisher Feed.....

..................................................................................................... 129

Appendix C: Buffered 10% Formalin (pH 7).......cccoccoiiiiiinnie 130

Appendix D: Mobile Phase for HPLC ............cccccciiiiiiiiiiiiccceeee 130

Appendix E: The Histokinette Process.........cccovcveveiiiiniieriiiciiiecininiiceeceee. 130

Appendix F: The Staining Process (Ehrlich’s Haemotoxylin and Eosin)........... 131
Appendix G: Body weights of mice receiving different levels of alkaloids gramine

and hordenin: in feed during the feeding choice experiment....... 133

Appendix H: Total feed int:ikes of mice receiving different levels of alkaloids
gramine and 1ordenine in feed during the feeding choice experiment

................................................................................................ 134
Appendix I: Liver weights of mice receiving different levels of alkaloids gramine
and hordenin: in feed during the feeding choice experiment....... 135
Appendix J: Liver weights of mice receiving different levels of alkaloids gramine
and hordeninz..........ooooveiiiiiiiciiiieeee e, 135
Appendix K: Liver weights of chickens receiving different levels of alkaloids
gramine and 10Tdenine..........ccccevirniiciiiiiiiiiiieniiiiicee e 135
Appendix L: Body weights of mice receiving different levels of alkaloids gramine
and hordeninz in feed...........ccoooiiiniiiiinininiiii e, 136
Appendix M: Feed intakes >f chickens receiving different levels of alkaloids
gramine and 10rdenine in feed .........ccceviniiiiiiiiiiiniinen e, 137

Appendix N: Feed convers:on ratios of chickens receiving different levels of
alkaloids grainine and hordenine in feed............ccccevevvreiniennnnen. 137



ix

Appendix O: Body weights of chickens receiving different combination of

alkaloids graraine and hordenine in feed...........cccoeeinnnininn. 138
Appendix P: Feed intakes of chickens receiving different combination of alkaloids
gramine and hordenirie in feed ... 139

Appendix Q: Feed conversion ratios of chickens receiving different combination of
alkaloids grarnine and hordenine in feed..............cccoccinniniiniin, 139



List of Figures

Page
Figure 1.1. Evolution and c arrent perception of the relationship among
agricultural technologies.......c..cocveeiiiiiiniiiiiiiiiiini e 3
Figure 2.1. The production and release of allelochemicals from plant to the
environment ......... ettt et sbt e s bt e b e s e e snreeenn 12
Figure 2.2. A relationship cf the factors and processes affecting the transport of
allelochemicals from the site of production to the target plant.......... 19
Figure 2.3. The biosynthesis pathway of gramine from tryptophan .................... 38
Figure 2.4. The formation c f hordenine from tyrosine ...........ccoccceeriuieeeinneennas 39
Figure 3.1. The flow diagram of purification for hordenine...............c.ccceeuveennn. 48
Figure 3.2. The flow diagram of purification for gramine..............cccocoeevnveene.e. 49
Figure 4.1. Body weight of mice for eight weeks of treatment...............c.c.c....... 56
Figure 4.2. Body weight of mice as percentage of initial body weight................ 56
Figure 4.3. Mouse feed ing >sted for eight weeks of treatment...........cc.ccoeeeeee. 57
Figure 4.4. Total amount of feed taken by mice during the experiment.............. 58
Figure 4.5. Liver weight of mice after eight weeks of treatment ........................ 58
Figure 5.1. Body weight of mice over twelve weeks of experimental period ...... 64
Figure 5.2. Body weight of mice as a percentage of initial body weight ............. 65
Figure 5.3. Mouse feed ing :sted for alkaloid treatments...........c.ccceevveveerveennenns 65
Figure 5.4. Liver weight of mice after twelve weeks of alkaloid treatments ....... 66
Figure 6.1. Body weight of broiler chickens over seven weeks of experimental
PEIIOd. oot e 75
Figure 6.2. Chicken feed ingested over seven weeks of age..........ccccevvveeeennnnnnen. 7
Figure 6.3. Liver weight of chickens at seven weeks of age.........ccceeeeevvveeeennnen.. 78
Figure 6.4. Feed conversiorn ratio of chickens receiving different levels of alkaloids
...................................................................................................... 79
Figure 7.1. Body weight of broiler chickens over seven weeks of age................ 89
Figure 7.2. Chicken feed intake over the experimental period............cccoeeennneee. 90
Figure 7.3. Liver weight of chickens at seven weeks of age.........cccocueeeveennnnn, 90

Figure 7.4. Feed conversion ratio of chickens exposed to combirnations of different
levels of alkaloiIs gramine and hordenine.............ccccoceeeiviininnnen. 92



xi

List of tables

Page

Table 4.1. Gramine and hordenine content in liVer..........cccevveviiiiiiiiiininiiinnnnnnn 59
Table 5.1. Feed intakes of nice receiving different levels of alkaloids gramine and
hordenine in the feed ....... ..... e eeeeeeeereereeseiebeeeesaeabaeaeeesenantrreaeeeeaas 67

Table 5.2. Gramine and hordenine content in liver............ccooeeecieeeiiniiiincennnn. 68

Table 6.1. Body weight of chickens receiving different levels of alkaloids.......... 76
Table 6.2. Gramine and hordenine content of chicken liver.............ccccccceeenenae. 79
Table 7.1. Liver weight of broiler chickens at seven weeks of age ........ ............ 91

Table 7.2. Gramine and hordenine content of chicken liver...........cevvveueiveennnnnen. 91



Xii

List of plates

Plate 6.1. Micrographs of livers from chickens receiving different levels of
gramine and hord:nine incorporated into feed ..............cccvvverririnnnn.n.
Plate 6.2. Lesions on the fect of chickens receiving SO0 ppm gramine in feed

during weeks 4 ard 5 of the experiment ...........ccoccoeevviiiiinniiicnnnnnn.
Plate 7.1. Micrographs of livers from chickens receiving combinations of levels of

gramine and hord:nine incorporated into feed............c..cocuvvvreiriinnnnn. 93





