
cnne • 

MITO'l,IC INDEX AND STAGE ANF"LYSES ASSOCIATED WITH 

OCHRATOXIN A AND PENICILLIC ACID 

THESIS 

SUBMITTED IN PARTIAL FULFILLMENT OF THE' REQUIRr~MENTS 

FOR THE DEGREE OF MASTER OF SCIENCE 

IN THE GRADUATE SCHOOL OF THE 

TEXAS WOMAN'S UNIVERSITY 

DEPARTMENT OF BIOLOGY 

BY 

BETHENE ELAINE HCNEALY, B.S. 



[fXAs WOMAN'S UNIV£RSITV . . 
-'-'- liBRARl 

0 .Q I 
I ,, . 

__, ...... 

ACKNOWLEDGMENTS 

The author wishes to express her sincere appreciation 

to Dr. Alan W. Cockerline for his advice and guidance 

during the course of her investigation. The author also 

wishes to acknowledge Dr. Kenneth A. Fry, Dr. John Hines, 

Dr. David Marshall, and Dr. Carlton Wendel for their ad-

vice and constructive criticism given during the writing 

of this thesis, and to the author 1 s parents for their in-

terest and assistance. 

The author also wishes to acknowledge and thank her 

friends, Dr. M. Louise Higgins for her in~aluable guidance, 

encouragement, and friendship, an~ Susan Allen for her 

encouraging way. 

iii 



TABLE OF CONTENTS 

. ACKNOWLEDGEHENTS . 

TABLE OF CONTENTS 

LIST OF TABLES . 

LIST OF FIGURES 

INTRODUCTION . . • 

LITERATURE REVIEW 

MATERIALS AND METHODS 

Experimental Scheme . 

Growth of Plant Materials • 

Toxin Treatment 

Preparation of Root Tips 

Squash Technique 

Cell Counts-Mitotic Index and Stage 
Analysis • • • • . . . • • • • • 

EXPERIMENTAL RESULTS . 

DISCUSSION 
., 

SUMMARY 

APPENDIX . . . . . . . . . . . . . . 
LITERATURE CITED . 

iv 

Page 

iii 

iv 

v 

vi 

1 

3 

12 

12 

13 

13 

15 

15 

16 

18 

55 

68 

70. 

105 



LIST OF TABLES 

Table Page 

1. MITOTIC INDEX FOR PRELIMINARY CONTROL STUDY . 19 

2. HITOTIC ANALYSIS FOR PRELIMINARY CONTROL 
STUDY . . . . . . . . •· . . . . . . . . . 21 

3. MITOTIC INDEX FOR TOXIN TREATMENT AT 6 
HOURS . . . . . . . . . . . . . . . . . . 22 

4. MITOTIC INDEX FOR TOXIN TREATMENT AT 12 
HOURS . . . . . . . . . . . . . . . . . . . . 23 

5. (F) VALUES FOR COMPARISON OF ANALYSIS 
USING PROGRAM SPSS-ANOVA . . . . . . . . . . 25 

6. MITOTIC PHASE ANALYSIS AT 6 HOURS . . . . 38 

7. MITOTIC PHASE ANALYSIS AT 12 HOURS . . . . . 39 

8. MITOTIC PHASE ANALYSIS OF VARIANCE FOR 
REPEATED MEASURES . . . . . . . . . . . . . . 40 

9. MEANS BREAKDOWN FOR REPEATED MEASURES 
ANALYSIS . . . . . . . . . . . . . . . . . . 42 

0 

v 



Figure 

1. 

2. 

3. 

LIST OF FIGURES 

ME~NS DIFFERENCES FOR MITOTIC INDICES: 
BROKEN DOWN BY (a) TOXIN BY TREATHENT 
(b) TOXIN BY TIME • • • • . • • • • • 

MEANS DIFFERENCES FOR MITOTIC INDICES: 
BROKEN DOWN BY (a) TIME BY TOXIN 
(b) TIME BY TREATHENT • • • • . • • • 

MEANS DIFFERENCES FOR MITOTIC INDICES: 
BROKEN DOWN BY (a) TREATMENT BY TOXIN 
(b) TREATMENT BY TIME • • • • • • • • 

MEANS 

MEANS 

MEANS 

4. MEANS DIFFERENCES FOR MITOTIC INDICES: MEANS 

' •'",' 

Page 

27 

28 

BROKEN DOWN BY TOXIN BY TIME BY TREATMENT 30 

5. MEANS DIFFERENCES FOR MITOTIC INDICES: MEANS 
BROKEN DOWN BY TREATHENT BY TOXIN cBY TIME 32 

6. MEANS DIFFERENCES FOR MITO~IC INDICES: MEANS 
BROKEN DOWN BY TREATMENT BY TIME BY TOXIN 33 

7. MEANS DIFFERENCES FOR MITOTIC INDICES: MEANS 
BROKEN DOWN BY TI~ffi BY TOXIN BY TREATMENT 35 

8. MEANS DIFFERENCES FOR HITOTIC INDICES: MEANS 
BROKEN DOWN BY TIME BY TREATMENT BY TOXIN 36 

9. MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR PROPHASE AND PROMETA-
PHASE BY TOXIN AND BY TIME . • • • • • • • • • 43 

10. MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR METAPHASE AND ANAPHASE 
BY TOXIN AND BY TIME • • • • • . • . . • • . • 44 

11. MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR TELOPHASE BY TOXIN AND 
BY TIME • . • • . • • • • • • • . • . • . • • 45 

vi 



Figure 

12. 

13. 

MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR PROPHASE AND PROMETA
PHASE BY TREATHENT AND BY TOXIN • • • • • • • 

MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR METAPHASE AND ANAPHASE 
BY TREATMENT AND BY TOXIN • • • • • • • • • • 

47 

48 

14. MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR TELOPHASE BY TREATMENT 
AND BY TOXIN • • • • • • • • • • • • • • • • • 4 9 

15. MEANS DIFFERENCES FOR MITOTIC PHASE ANALYSIS: 
MEANS BROKEN DO'VN FOR PROPHASE AND PROMETA-
PHASE BY TREATMENT AND BY TIME • • • • • • • • 51 

16. MEANS DIFFERENCES FOR HITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR METAPHASE AND ANAPHASE 
BY TREATMENT AND BY TIME • • • • • • • • • • • 52 

17. MEANS DIFFERENCES FOR HITOTIC PHASE ANALYSIS: 
MEANS BROKEN DOWN FOR TELOPHASE BY TREATMENT 
AND BY TIME • • • • • • • • • • • • • • • • • 53 

.' .. .\ 

vii 



INTRODUCTION 

Until the discovery of the aflatoxins in the early 

1960's, mycotoxins (mold metabolites) were relatively 

obscure in the scientific literature. Since that time, 

numerous mycotoxins have been identified and the research 

on their roles in human and animal diseases has intensified 

greatly. 

Members of the genus Aspergillus represent some of the 

most prevalent mycotoxin-producing fungi associated with 

food and feed materials. Two mycotoxins produced on im

properly stored grains by Aspergillus ochraceus chosen for 

this study were ochratoxin A and penicillic acid. 

Ochratoxin A and penicillic acid were used to deter

mine the in vitro effects on root tip cells from Pisum 

sativum var. Alaska (a variety of pea). Exposure times 

included periods of 6 and 12 hours using four different 

toxin concentrations (0.1, 1.0, 10, 100 ug/ml). 

The major objective of this study was to obtain in

formation about cellular sensitivity to the toxins, indi

·vidually and in combination. The parameters examined were 

the mitotic indices and the mitotic phase analysis dis

tributions. 
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The investigation was designed to yield answers to 

the following questions: 

1. Is there any interaction b~tween the toxins, their 

treatments, and the time exposures that can affect the 

actively diviqing cells? And, if so, is there an effect 

on the mitotic phase distribution (prophase, prometaphase, 

metaphase, anaphase, telophase) by this interaction?. 

2. At which concentration, if any, for each toxin 

will the effect on the actively dividing cells be the 

greatest? Will a longer time exposure necessarily inflict 

more damage? 

3. Will ochratoxin A and penicillic acid in combi

nation elicit any type of a synergistic effect? 

4. Is there a characteristic effect elicited at some 

phase during active mitosis? 



REVIEW OF LITERATURE 

My co toxins (mold metabolites) were relatively obscure·) 

in the scientific literature until the discovery of the 

aflatoxins in the early 1960's. This discovery led to·an 

increased aw~reness of the potential role of fungal toxins. 

These compounds have been shown to be probable causative 

agents in disease in humans which are induced by longterm 

and relatively low-level ingestion of the toxins. Afla-

toxins are found in a number of foods and many are.of high 

enough quality to be consumed directly by humans. 

The aflatoxins were discovered as a result of attempts 

to discover the agent responsible for a recognized disease; 

whereas, the ochratoxins were discovered in a screening 

program for toxigenic fungi (Butler, 1974; Newberne, 1976). 

Extensive reviews of the studies done with the afla-

toxins and mycotoxins in general have been published by 

Wogan (1965}, Walbeek (1968}, Glodblatt (1969}, Wilson 

(1970}, Jarvis (1971), Purchase (1974}, Schlessinger 
7 

(1975}, Newberne (1976), Stoloff (1976}, Hollaender and 

Serres (1978}, Rodricks (1978}, Moreau (1979}, and.Ciegler 

and Bennett (1980}. 

In 1961, mycologists of the South African Council for 

Scientific and Industrial Research undertook investigations 
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into the microflora of local legume and cereal· products. 

Aspergillus ochraceus was frequently encountered in the 

survey. Both Raper and Fennell and van der Merwe (1965) 

reported that this storage mold occurs widely in nature 

and is often found on soil and on decaying veg~tation. As 

a result of a general screening of molds isoi~t~d from 

grains, ochratoxin was discovered by van der Merwe et al. 

(1965) as a mycotoxin produced by Aspergillus ochraceus. 

The toxicity of the fungus was attributed to ochratoxin A, 

the main toxic component in culture extracts. Recently, 

ochratoxins have been isolated from other Aspergilli includ-

ing Penicillium viridicatum. 

The ochratoxins (Figure 1) comprise a group of closely 

related compounds which contain a 3,4-dihydro-3-methy-

isocourmarin moiety whicJ:l is linked to an L-S-phenylalanine 

through a carboxy group position 7 (van der Merwe, 1965; 

Searcy, 1969). Ochratoxin A is a colorless, crystalline 

compo~nd with a molecular formula c 20H18o6Ncl and a 

molecular weight of 403.8. 

During the isolation and chemical characterization of 

ochratoxin A, van der Merwe (1965) and others isolated the 

methyl and ethyl derivatives of ochratoxin A; the·less toxic 

dechloroderivative, ochratoxin B; and the relatively, non-

toxic (Nesheim, 1969; Newberne, 1976) ethyl ester 



derivative of ochratoxin A, ochratoxin C. A single recertt 

report indicates that the methyl ester of ochratoxin A 

and ochratoxin C may be as toxic as ochratoxin A (Moreau,· 

1979). The toxicity has been attributed to the dependence 

upon the combined presence of the chlorine atom and the 

free carboxyl group. Although ochratoxins A, B, and C 

have been isolated from laboratory cultures, only ochra-

toxin A has been detected in most cases of natural 

occurrence (Rodricks, 1978). 

Figure 1. ochratoxin A R =H 1 
R =Cl 

2 

ochratoxin B R c::H 
1 R =H 2 

ochratoxin c R1=cH2cH 3 R =Cl 2 
0 

Aspergillus ochraceus has also been reported to 

concomitantly produce penicillic acid (Steyn, 1967; N~~ori, 

1970; Ciegler, 1971; and Rodricks, 1978), a carcin~ge~~c 

mycotoxin (Dickens, 1961), and is also synthesized_by a 



number of species of Penicillia and Aspergilli (Shibata·,·~ 

1964; Ciegler, 1971). The quantity of ochratoxin A and 

penicillic acid produced both in culture and in nature is: 

influenced by temperature and moisture; low temperatures 

(10°C and 20°C) favor penicillic acid synthesis and higher 

temperatures (28°C) favor ochratoxin A production. Gener-

ally, penicillic acid is produced in yields about on~ .... to 

three magnitudes greater than ochratoxin A (tiegler, '1972). 

Penicillic acid (Figure 2) is comprised of a ·3-methoxy-

5-methyl-4-oxy-2,5-hexadienoic acid. This compound has a 

molecular formula of c8o4H10 (CH 2 :C(CH3 )COC(OCH 3 ) :CHC02H) 

and a molecular weight of 170.16 (Newberne, 1976). · Ciegler 

et al. (1971) has reviewed the literature on penicillic acid 

and other lactone mycotoxins. 

Figure 2. Penicillic acid 0 

Most of the work done concerning the biological activ.;.. 

ity of mycotoxins in cell culture concerns the aflatoxins 

(Goldblatt, 1969). Legator and Withrow (1964) found. that 

crude aflatoxin mixtures as well as crystallized aflatoxin 
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suppressed mitot·ic division in heteroploid and diploid 

human embryonic cells. This inhibition occurred fou.r' 

hours after exposure and reached a maximum in 8-12. hours. 

In addition, aflatoxin markedly inhibited the synt~esi~ · 

of DNA and affected normal cell morphology. 

Lilly {1965) was first to investigate the action of· 

aflatoxin on chromosomes. Using root seedlings of Vicia 

faba {broad bean), he found that most of the ·abnormalities 

7 

consisted of chromosome fragments with occassional anaphase 

bridges. During an investigation into the induction of 

chromosome breaks in human blood in cultur:e, results indi-

cated that aflatoxin breaks human chromosomes. 

Legator et al. {1964;1965) used cultured heteroploid 

human embryonic lung cells. The earliest effect of the 

aflatoxin was suppression of DNA synthesis and mitosis; 

this effect is detectable within the first few hours .after 

exposure. The most notable result was the arrest of 

mitosis in the metaphase stage. 

In 1969, Engelbrecht and Purchase exposed monkey 

kidney epithelial cell cultures to aflatoxin and ochratoxin 

to determine whether any specific morphological effects are 

produced which indicated the mode of action of the toxins. 

After 24 and 48 hours of exposure, aflatoxiri':produced·.a. 

decrease in mitosis and fragmentation of the nucleolus, as 



a· 

well as non-specific changes such as cytoplasmic vacuolat.'i.on 

and pycnosis and karyorhexis. Ochratoxin pr6duded.enla~~~d· 
! ,'i, > , .. ·! 

nucleoli and a decrease in normal mitosis with an increase 

in abnormal forms. Prophase and metaphase blocik~ were 

observed along with non-specific degenerativ~,-changes. 

Reiss (1971) reported on the action of aflatoxin on 

Allium cepa (onion) root tips. He observed'bn prepared 

squashes, clumping of individual chromosomes during anaphase 

and a reduction of the mitotic frequency under aflatoxin 

influence in human lung cells, human white blood corpuscles, 

and Vicia faba root cells. o. 

In 1975, Reiss reported that patulin and two other 

mycotoxins ·caused a reduction of the mitotic index pro~: 

portional to the toxin concentration in the root tips of 

Allium cepa. The damage resulted in strong inhibition of 

the development of anaphases and in vacuolization of the 

cytoplasm. 

In 1979, ·Linnainmaa et al. studied the cytogenic · 

effects of purified grain mycotoxins (T-2 and Saratoxin H) 

in the growing root meristem of Allium cepa. Mitotic 

activity of the cells was seen to decrease gradually when 

treatment time was increased and after 24 hour treatment 

the mitotic index was only 1/10 of the respective control. 

Typical C-mitotic action (Hyypio et al., 1955) ·was obtained 
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by both toxins and was comparable to the'efficiency of 

colchicine. With T-2, an increase of time·.f'reatment led. 

to a decrease in the frequency of anaphas~~. Accorditi~ 

to their observation, these toxins do not· induce chromo

some breaks. 

Korte and Ruckert {1980) found that aflatoxins and 

patulin induce chromosomal damage in Chinese hamster bon·e 

marrow cells. Other studies concerning the use of afla

toxins and other mycotoxins on cell cultures include those 

by Legator {1966), Sporn {1966), Zuckerman {1966), Umeda 

{1971), Umeda {1972), Rodricks {1976), Umeda {1977), 

Tashiro {1979), Lorkowski {1980), Moreau {1979), and 

Moule {1980). 

Although the presence of a toxin represents a hazard, 

there is a growing concern over the simultaneous occurrence 

of one or more toxins. Of particular interest is the 

cooperative effect of two or more substances that can 

elicit a total effect greater than the sum of the activities 

of individual agents - toxic synergism. 

Reports of the natural contamination of grains by 

ochratoxin A and/or penicillic acid have stimulated wo~k 

on the toxic interaction of these mycotoxins (Ciegler '·. 

1972; Thorpe, 1974; Lillehoj and Ciegler,_ 1~75;. Sansing, 

1976). In a preliminary study of the interaction effects 



of the acute toxicities of ochratoxin A, penicillic acid, 

and citrinin in mice, combinations of the my~otoxins 
' ' 

elicited a synergistic lethal response (iinderifelse~ , 

et al., 1973; Lillehoj and Ciegler, 1975; Sansing ·et al., 

1976. The response was then expanded to examine effects 

of toxin pairs on nucleic acid metabolism in the liver and 

kidneys of mice. Generally, in this case, toxin combin-

a tions initiated effects similar to the. inde.pendent 

functions of each mycotoxin. Also reported was that 

penicillic acid alone stimulated ribonucleic acid synth'e-

sis in liver, combinations with ochratoxin A or citrinin 

inhibited accumulation of the nucleic acid . 

. Umeda et al. {1972) reported on the effect of patulin 

and penicillic acid on HeLa cell chromosomes.··· ·This .myco-

toxin was found to indu~e accumulation of metaphase cells 

with elongation of the whole cell cycle, but was not found 

to demonstrate chromosome aberrations. 

A study-done by Reddy et al. (1979) postulated that 

penicillic acid and patulin, a mycotoxin produced by members 
0 

of the genus Penicillium and .Aspergillus, produced a synergis-

tic effect. Enhancement of patulin toxicity by.penicillic 

acid was indicated by the occurrence of deaths 'in dogs 

exposed simultaneously to sublethal doses of both myco-· 

toxins and by other criteria. 



Creppy et al. (1980) suggested a coop~rat'ive effec't','<' · 
. ' .,; (~·· .. < :~. ' 

between ochratoxin A and citrinin, a mycoto~ip. produced,by 
'· 

Penicillium viridicatum. Both mycotoxins ar~ .cyto~toxic to 
hepatoma tissue culture cells. When bot~,mycotoxins are 

added simultaneously to these culture cells, .the inhibition 

of RNA and protein synthesis occurs immediately, that of 

DNA synthesis after a short lag .time. They.also found that 
'. 

while penicillic acid stimulates accumulatic)n of RNA in 
I I\ \ 

mouse liver, a combination of ochratoxin A or citrinin 

(with penicillic acid) inhibits the accumulation of· RNA. 

Other literature concerning work with ~chratoxin A or 

penicillic acid can be found published by Umeda (1971), Chu 

(1974), Creppy (1979), Gal tier (1979), Lillehoj · (1979), 

Chan (1980a), Chan (1980b), Chan (1980c), Galtier (1980), 

Hult (1980), and Stormer (1980). 

The majority of the studi'es at the cellular level have 

concerned the aflatoxins. Within the past ten years, ochra-

toxin A has been recognized as being as pathogenic as the 

aflatoxins (Ciegler et al., 1971). Cytological studie~ such 
0 

as mitotic disruptions and chromosomal abnormalities are 

logical points of reference for all cell morphogenesis and 

subsequent analyses of interaction at the molecular level. 

Penicillic acid has been included in the study because of 

its natural occurrence in connection with ochratoxin A. 



MATERIALS AND METHODS 

Experimental Scheme 

Studies to determine selected cytological in vitro 

effects of ochratoxin A and penicillic acid on root.tip 

cells from Pisum sativum var. Alaska (variety of pea)~were 

conducted. Each series of experiments involved controls 

and four concentrations of ochratoxin A or penicillic ~cid 

(0.1, 1.0, 10, 100 ~g/ml). In addition, to study possible 

synergism, experiments were carried out using various con

centrations of ochratoxin A and penicillic acid together 

in a 1:3 ratio (0.1, ·1.0, 10, 100 ~g/ml). 

Earlier investigations showed that the minimum 

mitotic cycle of Pisum sativum is about 10 to 12 hours' 

(Van't Hof et al., 1960; Van't Hof et al., 1963; Van't Hof, 

1963). ·The root tips were treated with toxins for periods 

of 6 and 12 hours. Run times included 6 a.m., noon, and 

6 p.m. Preliminary runs with controls indicated active 

division at .these times. 

The criteria used in evaluating the cellular sen

sitivity to the toxins were: (1) the mitotic index and 

(2) the mitotic phase analysis. 

12 
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Growth of Plant Materials. 

The experime!-'ltal material for this study was Pisum 

sativum var. Alaska (Harpool Seed, Inc., Denton, Texas;.· 

Lot No. 6-86), a variety of pea. The procedure used:for 

the preparation of root tips was a modification of the 

method of Van't Hof (1968). The pea seeds were soaked 

in a beaker of distilled water for 24 hours at room 

temperature. Following this, the seeds were removed and 

placed on wet paper toweling contained within a shallow 

pan. The pan was then covered to prevent dehydration of 

the peas. After 48 hours, non-germinated seeds were 

discarded and the remaining seeds were arranged so that,· 

the roots would grow "straight". After 60 to 72 hours, 

the pea ·roots were approximately 2-1/2 to 3 em long and 

were ready for toxin treatment. 

Toxin Treatment 

Ochratoxin A (7-carboxy-5-chloro-8-hydroxy-3,4-dihyro-

3-methyl isocoumarin amide of L-S-phenylalanine) and 

penicillic acid (3-methoxy-5-methyl-4-oxy-2,5-hexadienoic .. 

acid) were purchased from Sigma Chemical Company, St. Louis, 

Missouri (Ochratoxin A, Lot No. 47C-0139; Penicillic acid, 

Lot No. 126C-0063). The toxins were dissolved in O.lM 



sodium bicarbonate for a final concen't,ration of 100' pg/ml ~ r 

Length of exposure time for each concentration was 6Jand' 

12 hours. Duplicate runs were carried:out for each don-

centration and exposure time simultan~ously. ·Each run 

and exposure time were at the same time of the day for 

each mycotoxin. 

Five peas with roots 2-1/2 to 3 em lbhg·were exposed 

per concentration per exposure time - one root tip per 

squash slide. 

A receptacle was set with 20 wells to hold 20 

individual vials so that the top of the receptacle and 

the vials was level. Each vial held 20 ml of the toxin 

concentration. 

-The vials were arranged so that there were five rows, 

one for each concentration, and two columns for each 

exposure time to allow for duplicate runs. 

The germinated pea seedlings were suspended on a 1/4 

inch wire mesh placed directly on top of the receptacle 

so that the roots extended down into the 'vi~l for~exposure. 

The pea itself rested atop the wire mesh .. This mesh allow-

ed for more rapid and efficient ease in exposing: the · 

individual roots and for the removal of the .. individual· 

roots. ' ! 



Preparation of Root Tips 

After toxin ~xposure, the terminaL 1 em of the root 

was removed by pinching off with forceps, and pl~ced in a 

vial with fixative {6 parts methanol, 3 parts chlorofo~m, 

2 parts acetic acid). The tips were then evacuated at 

15 mm Hg for 10 minutes or until no more air bubbles were 

visible. They were placed in a 60°C hydrolysis oven for 

18 minutes. The fixative was then replaced with enough 
.• _1';, 

0 warm (60 C) lN hydrochloric acid to cover the root tips. 

This was then placed once again in a 60°C oven for 18 

minutes - the time being very critical. The acid was 

replaced with Schiff's reagent {See Appendix for details)., 

the vial was stoppered and allowed to stain for 30-45 

minutes; 

Squash Technique 

The root tips were removed from the staining solution 

and drained on paper toweling. The tips. were placed on 
'. '/. 

clean glass slides and the excess material just behind the 
~ - ' ~ '! 

highly stained (dark purple) region was cut off. rhe ~ip -

was then moved to the center of the slide. A 1/2 ~:1~?P 

(Pasteur pipette) of fast green (pinch of fast green ~ta~n 

dissolved in 45% acetic acid) was added to make the cells 

more visible under the microscope. The tip was squashed 
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with a glass plunger using short, rapid, firm strokes 

confined to the immediate area. The slide was passed 

through an alcohol flame three short times. The slide was 

placed in a Coplin jar filled with 50% TBA (tertiary butyl 

alcohol) and left for 1-2 hours. The slides were removed 

from the TBA gently, the excess TBA was drained off by 

standing the slide on end and allowing a paper towel to 

absorb the excess alcohol. One drop of Permount mounting 

media (Fisher Scientific Company, Fair Lawn, New Jersey) 

was placed over the area of the cells, a cover slip was 

added and the slide was allowed to dry oyernight on a flat 

surface. 

Cell Counts - Mitotic Index and Stage Analysis 

After the cells were mounted permanently on glass 

slides, mitotic indices were recorded. Using an American 

Optical Spencer light microscope with 450X magnification, 

between 2000 and 2500 cells were counted for each set of 

controls and concentrations per run of 6 and 12 hours. 

(Preliminary control runs were also analyzed at zero, 4, 

6, 8, and 12 hours.) Using hand tally counters (Scientific 

Products), counts were recorded as the number of dividing 

cells per total number of cells, with a maximum total of 

500 cells per slide. 



Analysis of the mitotic stages was :done under oil · 

immersion on a Zeiss Photomicroscope I, ·using a neutral 

green filter to complement the staining techn~que. (Total 

magnification was 1562.5X : occular Kpl-W,.l2.5; optovar, 

1.25; objective, 100 Planapochromat.) For eabh controf· 

and concentration per run of 6 and 12 hours, between 400 

and 500 dividing cells were chosen for stage analysis, 

with a maximum of 100 dividing cells per slide. Cells 

were scored into stages of prophase, prometaphase~ meta~ 

phase, anaphase, and telophase. Cells not in one of these 

stages were considered to be non-dividing. 

Areas to be scored both in the mitotic index and the , 

stage analysis were chosen by mannerly, random, .horizontal 

and vertical "sweeps" across the coverslip·area. Any. 

changes in cell appearance were noted during the_mitotic 

stage analysis. 



EXPERIMENTAL RESULTS 

r,:·,,,r-, 

( ,', ;,'<)' · ... >~:~_.: '., . 
The investigation involved a comparison' <)f selected' 

in vitro effects 6f ochratoxin A and peniriiliic acid on. 

pea root tips. Studies were made for each :'toxiri treatment 

(0.1, 1.0, 10, 100 11g/ml) using individual toxins and,,both 

toxins in combination. Cellular sensitivity was evaluated 

by analysis of the mitotic index and mitotic stages. 

Literature investigations involving cell cultures and 

mycotoxins reported studies at 24 and 48 hours with cell 

necrosis occurring around 48 hours exposure. This investi-

gation explored involvement at 6 and 12 hours of toxin 

exposure. A preliminary experiment to determine.a suitable 

time frame period utilized 10 control root tips .(500 cells 

examined per root tip) per time. Table l, shows· the time 

range from 6 a.m. to 6 p.m. and the percentage of cells 

found dividing at the different time intervals. , From these 

preliminary results, 6 a.m. to 6 p.m. showed the cells to 

be actively dividing during this time interval, thus 6 a.m. 

to 6 p.m. was deemed suitable for this investigation's 

time frame. Roots were excised at noon (6 hours) and 

6 p.m. (12 hours). The preliminary study also analyzed 

these same root tips as to their mitotic stage distribution 

among prophase, prometaphase, metaphase, anaphase, and 

18 



TABLE 1 

Mitotic In.dex for Preliminary Control s·tudy 

% of 
Time No. Dividing Cells* Total Dividing 

6 a.m. 520 10.4 

10 a.m. 246 4.9 

12 p.m. 360 7~2 

2 p.m. 395 7.9 

6 p.m. 423 8.5 

*Total of 5000 pea root tip cells examined per time. 

0 



telophase. Table 2 shows the percentage of': cells at the 

various times as distributed among the five' 'stages (100~ 

dividing cells per root tip were scored) .. At both 12 p.m. 

and 6 p.m., there was a suitable distribu~ion of dividing 

cells among the five phases so as to accommodate a compar-

ison for the treatment distributions. 

Tables 3 and 4 list the mitotic indices for ochra-

toxin A, penicillic acid, and ochratoxin A. + penicillic 

acid treatments at 6 and 12 hours. All data was coded 

before being statistically analyzed with the use of SPSS 

(Statistical Package for the Social Scie~ces) and BMDP 

(Biomedical Computer Programs) on,the DEC-20 computer. 

(See Appendix for programs used, printouts of computation-

al results, and coded data - Note: a high coded score 

represents a low mitotic index mean count.) A visual 

interpretation of these mitotic indices for toxin treat-

ments at 6 and 12 hours showed a decrease in actively 

dividing cells, with 12 hours showing a lower mean count. 

A one-way analysis of variance was performed on the 

raw data scores to determine if there was a significant 

variation between the means for the treatments. The data 

proved to be highly significant by the F-ratios at the 

level of P=.OOOl {see Appendix subprogram ONEWAY). 



TABLE 2 

Mitotic Ana"Iysis for Preliminary Control Study 

Stage 
6 am 

Prophase 44.4 

Prometaphase 18.2 

Metaphase 13.8 

Anaphase 6.2 

Telophase 17.6 

Percentage* of Cells Dividing 
Time 

10 am 12 pm 2 pro 

83.8 

12.6 

12.6 

0.0 

0.0 

85.2 

23.2 

1.4 

1.2 

1.2 

88.8 

6.8 

0.6 

0.0 

2.6 

21 

6 pro 

81.4 

10.4 

1.6 

1.8 

3.0 

*Percentage of dividing cells in each division stage from 
a total of 500 dividing cells per time. 



TABLE 3 

Mitotic Index* for Toxin Treatments at 6 Hours 

Toxin** 0.0 

OA 44.6 

PA 31.3 

OA+PA 36.4 

Toxin Treatment 
0.1 1.0 

12.2 10.4 

7.6 1.9 

20.6 14.0 

(1Jg/ml) 
10 

11.1 

4.9 

6. 4' 

*Values represent the mean of 2 replicate runs. 

**OA= ochratoxin A 

PA= penicillic acid 

100 

16.4 

8.0 

13.7 



TABLE 4 

Mitotic Index* for Toxin Treatments' ·a·t 12 Hours 

Toxin Treatment (llg/ml) 
Toxin** 0.0 0.1 1.0 ... 10 

OA 39.8 -8.2 7.1 . 7. 9 

PA 25.9 7.2 1.9 1.5 

OA+PA 47.0 9.1 5.9 3.5 

*Values represent the mean of 2 replicate runs. 
**OA= ochratoxin A 

PA= penicillic acid 

100 

11.8 

8.6 

1.6 



An SPSS program was run (see Appen'di·x··~~~bprogram 
'/;j ·. .~." ,. { 

ANOVA) to determine any significant intera_ctions between 

toxins, treatments, and times. 
·( 

(This ari~·:.s.llbsequent 
, .. 

analyses were done with coded data.) Table ·s shows that 

F-ratios for the main effects and all but one of the inter-

actions was significant at the P=.OOOl level. The 

interaction between treatment and time, ignoring toxin 

interaction, was not significant even at the P=.Ol .. level. 

From this analysis it could also be noted that (1) penicil-

lie acid is most effective on retarding cell division 

while ochratoxin A has the least effect, 0 (2) 10 > ·1~0 > 

100 > 0.1 ~g/ml, and (3) 12 hours,is more effective· than 

6 hours of exposure. 

Another SPSS program (see Appendix subprogram BREAK

DOWN) provided a technique for further examination: ·of the 

means differences for the mitotic indices. The mean· 

differences for the breakdown analysis are shown in 

Figures 1 to- 3 (two-way interaction) and in Figure·~,·4 to 8 

(three-way interaction) . Again there seems to be no 

interaction when the means are broken down by just treat-

ment and time (Figures 2(b) and 3(b)). The toxins, the 

various treatments, and the length of exposure time all 

interacted to affect the mitotic indices. 



TABLE 5. ''· 

(F) Values for Comparison of Analysis of Variance 

Using Program SPSS-ANOVA 

Source of Variation (F) -Ratio Significance of (F) 

\t 

Main Effects 

Toxin 28.004 0.0001 
·,,', ':. 

Treatment 74.354 0.0001 

Time 176.917 0.0001 
'' 

2-Way Interactions 

Toxin Treatment 28.872 0.0001 

Toxin Time 103.348 0.0001 

Treatment Time 1.749 0.1840 

3-Way Interactions 

Toxin Treatment Time 11.736 0.0001 

0 
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Figure 1. Means Differences* For Mitotic Indices: 

(a) Means broken down by toxin by treatment 

(b) Means broken down by toxin by time 

OA = ochratoxin A 0 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 

*Data reference: for all figures see 
Appendix SPSS subprogram Breakdown 
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Figure 2. Means Differences For Mitotic Indices: 

(a) Means broken down by time by toxin 

(b) Means broken down by time by treatment 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA·= ochratoxin A+ penicillic acid 
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Figure 3. Means Differences For Mitotic Indices: 

(a) Means broken down by treatment by toxin 

(b) Means broken down by treatmentoby time 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Figures l(a) and 3(a) show the means broken down by 

toxin and treatment. For each toxin, the general effects 

on the mitotic indices are shown by the following sequence: 

ochratoxin A, 1 > 10 > 0.1 > 100; penicillic acid, 1 > 10 > 

0.1 > 100; and ochratoxin A + penicillic acid, 10 > 100 > 

1 > 0.1. This is the general effect without breakdown with 

respect to time exposure. 

Figures l(b) and 2(a) are the breakdown of the means 

by time and toxin. There was a more dramatic decrease in 

actively dividing cells for ochratoxin A + penicillic acid 

from 6 to 12 hours. Ochratoxin A showed its greatest 

effect at 12 hours, while penicillic acid showed its at 

6 hours. This breakdown analysis segment deals with the 

treatments as a whole. 

Figures 2(b) and 3(b) present the means broken down by 

time and treatment. For both 6 and 12 hours of exposure, 

the concentrations at 1 and 10 ~g/ml showed the greatest 

effect on lowering the mitotic indices, with 12 hours 

showing the greater effect. For the toxins in general, 

the overall effect from 6 to 12 hours is: 10 > 1 > 100 > 

0.1 ~g/ml. 

The three-way means breakdown analysis tested to see 

if, above and beyond any main effects or two-way inter

action effects, there were any effects due to particular 
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Figure 4. Means Differences For Mitotic Indices: 
0 

Means broken down by toxin by time by 

treatment 
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three-way combinations of the factors. Figure 4 shows 

the mitotic index breakdown by toxin by time by treatment. 

For ochratoxin A, each of the treatments showed the 

greater effect at 12 hours with an overall effect of 1 > 

10 > 0.1 > 100. Penicillic acid showed the greater effect 

at 6 hours of exposure except at 10 ~g/ml where there was 

approximately a 10% decrease from 6 to 12 hours. This 

was a larger decrease than for the other penicillic acid 

treatments. At 6 hours, penici1lic acid showed an effect 

of 1 > 10 > 0.1 > 100; the effects of 1 and 10 ~g/ml were 

reversed for 12 hours although there was < 1% difference 

for these two at this time. Concentrations of 0.1 and 

100-~g/ml behaved similarly for penicillic acid. Ochra-

toxin A + penicillic acid showed the more dramatic mean 

count differences from 6 to 10 hours. At 6 hours, 1 and 

100 ~g/ml acted in a similar manner, 0.1 ~g/ml showed the 

least effect. At 12 hours, ochratoxin A + penicillic acid 

showed the effect of 100 > 10 > 1 > 0.1. 

The breakdown means for treatment by toxin by time 
0 

and for treatment by time by toxin are shown in Figures 5 

and 6, respectively. At 0.1 ~g/ml, ochratoxin A + 

penicillic acid showed little effect at 6 hours (only 

affecting some 20% of the dividing cells). The two 

individual toxins behaved similarly with a reversal of 
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Figure 5. Means Differences For Mitotic Indices: 

Means broken down by treatment by toxin 

by time 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Figure 6. Means Differences For Mitotic Indices: 

Means broken down by treatment by time 

by toxin 
0 

OA = ochratoxin A 

PA =· pencillic acid 

OA+PA = ochratoxin A + penicillic acid 
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their effects from 6 to 12 hours. At 12 hours, the toxins 

in combination elicited the greatest effect, now affecting 

approximately 80%. of the dividing cells. At 1 ~g/ml, 

penicillic acid showed the greater effect of the toxins 

at both 6 and 12 hours (approximately 92% of the cells 

undividing). At 6 hours, ochratoxin A showed an effect 

less than penicillic acid yet still greater than the 

combination effect; at 12 hours, ochratoxin A had the 

least effect at this concentration (76-82% of the cells 

were not dividing). With the toxins in combination, the 

decrease in the number of dividing cells was more dramatic 

affecting from 61 then 81% of the dividing cells. At 

10 ~g/ml, with all the toxins, 12 hours had the greatest 

effect with penicillic acid > ochratoxin A + penicillic 

acid > ochratoxin A. At 100 ~g/ml ochratoxin A affected 

the dividing cells much less than it had at the previous 

three concentrations, although still stopping some 65-70% 

of the cells from dividing. Penicillic acid showed the 

opposite effect from that of ochratoxin A, showing the 

greatest effect at 12 hours for this concentration. Ochra

toxin A + penicillic acid affected some 62% of the dividing 

cells at 6 hours and jumped to 96% at 12 hours. 

Figures 7 and 8 are the three-way interactions for 

time by toxin by treatment and time by treatment by toxin. 
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Figure 7. Means Differences For Mitotic Indices: 

Means broken down by time by toxin by 

treatment 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Figure 8. Means Differences For Mitotic Indices: 

Means broken down by time by treatment 

by toxin 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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At 6 hours, penicillic acid showed the greatest effec~ 

{1 > 10 > 0.1 > 100). For ochratoxin A th~ decrease in 

dividing cells rose from 0.1 to 10 }..lg/ml {at which' 'time 

it affected some 82% of the dividing cells); at 100 }..lg/ml 

its effect was similar to that at 1 l-lg/ml. · Ochratoxin A· 

+ penicillic acid showed the greatest effect at 10 l-lg/ml 

for 6 hours, behaving similar to that of penicillic acid 

at this concentration. At 12 hours, ochratoxin A + 

penicillic acid showed a continuous decrease in actively 

dividing cells from 0.1 to 100 l-lg/ml. For ochratoxin A 

the effects of 1 and 10 l-tg/ml were much the same, with 0.1 

and 100 l-lg/ml showing the least effect {with ochratoxin A, 

the same trend was seen at both 6 and 12 hours) ~ Penicil-

lie acid showed the greatest effects at both 1 and 10 l-lg/ml 

for 6 and 12 hours. 

The second half of the study involved the analysis 

of the mitotic phase distribution. Tables 6 and 7 present 

the distributions found for the toxins and treatments at 

6 and 12 hours {data was not coded for this part). 

First, the BMDP program P2V {see Appendix) was run. 

This program performed an analysis of variance for the 

fixed effects and for the repeated measures. In this, 

program, a distinction is made between variables that 
, ·.I' 

classify cases into groups {toxins, treatments, times) 



TABLE 6 

Mitotic Phase Analysis* at 6 Hours 

Treatment Phases** 
(llg/ml) A B c D E 

Ochratoxin A 

0.0 88.5* 10.8 0.7 0.1 0.0 

0.1 89.5 6.5 0.0 0.0 0.2 

1.0 85.5 1.5 0.0 0.0 0.0 

10 94.1 1.1 0.0 0.0 0.0 

100 73.9· 0.0 0.0 0.0 0.0 

Penici1lic 
Acid 

0.0 81.0 11.3 3.2 0.4 ' '4. 4 

0.1 92.9 5.2 0.0 0.0 2.1 

1.0 91.5 5.6 1.8 0.4 0.2 

10 89.7 7.9 1.4 0.1 1.6 

100 85.6 8.7 0.4 0.2 0.6 

OA + PA 

0.0 78.0 13.7 3.7 0.6 4.8 

0.1 91.3 5.1 1.3 0.0 2.3 

1.0 94.7 3.5 1.2 0.1 1.9 

10 59.8 3.5 0.2 0.0 1.1 

100 60.2 6.2 0.0 0.5 1.6 

*Percentage of dividing cells in each division phase from 
a total of 500 cells per run. Values represent :the mean 
of 2 replicate runs. 

**Phases: A= prophase, B= prometaphase, C= metaphase, 
D= anaphase, E= telophase. 
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TABLE 7 

Hi totic Phase Analysis* at 12 Hours 

Treatment Phases** 
{~g/ml) A B c D E 

Ochratoxin A 

0.0 92.0* 5.8 1.2 0.5 0.6 

0.1 24.0 3.2 0.0 0.0 0.0 

1.0 25.8 3.0 0.0 ·o.o 0.0 

10 21.1 3.1 0.2 0.0 0.0 

100 27.1 4.1 0.0 0.0 0.0 

Penicillic 
Acid 

0.0 84.6 7.4 1.7 0.7 1.6 

0.1 83.1 5.3 0.6 0.4 1.2 

1.0 66.9 3.7 0.0 0.4 1.0 

10 73.0 2.9 0.8 0.2 0.8 

100 67.6 8.5 0.6 0.8 2.7 

OA + PA 

0.0 85.5 9.3 1.3 1.0 3.0 

0.1 76.9 5.2 0.0 0.0 1.1 

1.0 68.4 3.6 0.0 0.0 0.9 

10 77.2 2.0 o.o 0.0 0.4 

100 67.8 4.7 0.0 0.0 O.Q 

*Percentage of dividing cells in each division phase from 
a total of 500 cells per run. Value represent the mean 
of 2 replicate runs. 

**Phases: A= prophase, B= prometaphase, C= metaphase, 
D= anaphase, E= telophase. 
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TABLE 8 

Mitotic Phase Analysis of Variance for Repeated Measures 

Source (F)-Ratio Tail Probability 

Toxin 8.05 0.0121* 

Treatment 3.06 0.0834 

Time 21.24 0.0017* 

Toxin x Time 9.72 0.0072* 

Treatment x Toxin 1.45 0.3055 

Treatment x Time 2.40 0.1361 

Phases** x Toxin 5.69 0.0002* 

Phases X Treatment 2.31 0.0213* 

Phases x Time 19.78 0.0001* 

Phases x Toxin 

x Time 8.95 0.0001* 

Phases X Treatment 

X Toxin 0.99 0.5072 

Phases x Treatment 

x Time 2.27 0.0234* 

*Significant for P > = 0.05 
**Dependent variables for repeated measures (Phases: pro

phase, prometaphase metaphase, anaphase, and telophase) 



and repeated measures (mitotic phases). A sununary of the 

F-raties and their significance.is presented in Table 8~ 

The analysis showed a significant effect on the mitotic 

phases by the toxins, treatments, and time exposures. 

A breakdown analysis of the means from the repeated 
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measures analysis was run (see Appendix program BREAKDOWNS) 

in SPSS. This was to determine the interacti6ns on the 

mitotic phase distribution by the toxins, treatments, and 

times. The mean differences for this breakdown analysis 

are shown in Figures 9 to 17. The mitotic phases (prophase, 

prometaphase, metaphase, anaphase, telophase) are shown 

broken down by toxin and treatment, by toxin and time, and 

by time and treatment. 

The means breakdowns for the main effects from the 

repeated· measures analysis are summarized in Table 9. The 

table shows the distribution trend for the phases in regard 

to their main effects. These trends showed that (1) the 

distribution was affected differently for each treatment 

and each toxin, and (2) 12 hours had a lower mean count in 

each division than did 6 hours. 

The mean differences for the mitotic phase analysis 
I • ,' , r' ~ 

broken down for prophase, metaphase, prometaphase, and 

telophase by toxin and time are shown in Figures 9, 10 and 

11. There were a larger number of cells in prophase and 



TABLE 9 

Heans Breakdown from Repeated Heasures Analysis 

Phase* 
Phases x (source) 

A B c D 

Treatment 

0.0 llg/ml 84.67 0.92 5.50 0.60 

0.1 llg/ml 75.67 0.48 2.50 0.15 

1.0 llg/ml 71.33 0.30 4.83 0.17 
0 

10 llg/ml 68.83 0.30 4.17 0.27 
, 

100 llg/ml 63.17 0.48 3.83 0.17 

Toxin 

Ochratoxin A 61.80 0.36 3.10 0.18 

Penicillic acid 81.10 0.61 5.50 0.45 

OA + PA 75.30 0.52 3.90 0.18 

Time 

6 hours 83.13 0.56 4.40 0.27 

12 hours 62.33 0.43 3.93 0.27 

*Phases: A= prophase, B= prometaphase, C= metaphase, 
D= anaphase, E= telophase. 
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Figure 9. Means Differences For Mitotic Phase Analysis: 

Means broken down for prophase and prometaphase 

by toxin and by time o 

OA = ochratoxin A 

PA =·penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Figure 10. Means Differences For Mitotic Phase Analysis: 

Means broken down for metaphase and anaphase 

by toxin and by time 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 

0 
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Figure 11. Means Differences For Mitotic Phase Analysis: 

Means broken down for telophase by toxin and 

by time 

OA = ochratoxin A 

PA = penici1lic acid 

OA+PA = ochratoxin A + penicillic acid 
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prometaphase for all the toxins for 6 hours. Ochratoxin A 

+ penicillic acid had approximately the same number of 

dividing cells in· prophase at 6 and 12 hours; the differ

ence was more dramatic for ochratoxin A. At 6 and 12 hours, 

ochratoxin A had approximately the same number of dividing 

cells in prometaphase. As a whole, penicillic acid con

tained greater numbers of dividing cells in prophase and 

prometaphase than did the other toxins. In metaphase, the 

effect was greater at 12 hours although for penicillic 

acid, the effect was approximately the same at either time 

exposure. At 6 hours, ochratoxin A and penicillic acid 

had fewer dividing cells scored in anaphase at 6 than at 

12 hours; for the two toxins in combination, few cells 

scored were in anaphase at 12 hours (25% less than found 

at 6 hours). Only at 12 hours, were cells scored in telo

phase. 

Figure 12, 13, and 14 show the mitotic phase analysis 

means differences broken down for prophase, prometaphase, 

metaphase, anaphase, and telophase by treatment and toxin. 

Penicillic acid seemed to contain more cells in prophase 

than did ochratoxin A + penicillic acid and ochratoxin A, 

respectively. For the treatments, penicillic acid showed 

its greatest number in prophase at 0.1 ~g/ml, ochratoxin A 

at 10 ~g/rnl, and for the two in combination at 0.1 ~g/ml. 
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Figure 12. Means Differences For Mitotic Phase Analysis: 

Means broken down for prophase and prometaphase 

by treatment and by toxin 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 



Prophase 

PA 

OA+PA 

OA 

~~~--~~~--~------' 0 0.1 1.0 10 100 ug/m1 

Treatment 

Prometaphase 

PA 

OA+PA 

OA 

0 
\ \ I 

0.1 1.0 10 
I 

100 ug/m1 

Treatment 



48 

Figure 13. Means Differences For Mitotic Phase Analysis: 

Means broken down for metaphase and anaphase 

by treatment and by toxin o 

OA = ochratoxin A 

PA = penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Figure 14. Means Differences For Mitotic Phase Analysis: 

Means broken down for telophase by treatment 

and by toxin 

OA = ochratoxin A 

PA =·penicillic acid 

OA+PA = ochratoxin A + penicillic acid 
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Ochratoxin A showed the sharper decrease from the controls. 

The greater number of cells scored in prometaphase show 

penicillic acid > ochratoxin A + penicillic acid > ochra

toxin A. For all the toxins, there was a drop in this 

phase from the controls, with 0.1 and 1 ~g/ml. From 

these last two concentrations, there was a slight rise at 

10 and 100 ~g/ml although the number never reached that of 

the controls. Again, there was a drop from the control 

mean counts in scoring for metaphase. Penicillic acid 

showed the greatest number of dividing cells in metaphase 

occurring at 10 ~g/ml. At 1 and 100 ~g/ml ochratoxin A + 

penicillic acid showed similar n~ers in this phase. 

Ochratoxin A showed a steady decline from the control mean 

counts from 0.1 to 100 ~g/ml. For metaphase mean counts, 

penicillic acid > ochratoxin A + penicillic acid > ochra

toxin A. Relatively few, if any, cells scored for 

ochratoxin A + penicillic acid and ochratoxin A were found 

in anaphase or telophase. Penicillic acid had some cells 

in anaphase although still < 1% of the total. 

The mean breakdowns for the phases broken down by 

treatment and toxin are shown in Figure 15, 16 and 17. 

For all the treatments, fewer cells were shown in prophase 

at 12 hours than at 6, as was the case for prometaphase. 

At 6 hours, more cells are found in metaphase except at 
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Figure 15. Means Differences For Mitotic Phase Analysis: 

Means broken down for prophase and prometaphase 

by treatment and by time 
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Figure 16. Means Differences For Mitotic Phase Analysis: 

Means broken down for metaphase and anaphase 

by treatment and by time 
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Figure 17. Means Differences For Mitotic Phase Analysis: 

Means broken down for telophase by treatment 

and by time 
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100 ~g/ml where the results are reversed. For 0 to 

10 ~g/m1, the results were similar for 6 to 12 hours. 

Relatively no cells were found at 6 or 12 hours for 

anaphase and telophase. For each phase, the cells behaved 

relatively alike for each treatment at 6 and 12 hours. 



DISCUSSION 

In the past and recent years, root tips have been 

regarded as the ideal plant tissue in which to study the 

effect of chemical substances on chromosomes. Root tips 

are relatively easy to handle and the root meristem con

tains a large number of dividing cells that are readily 

obtainable. These plant materials are inexpensive and 

easily available all year round, and have large chromo

somes and a low chromosome number. Pisum sativum (pea) 

was chosen for these reasons; and because extensive work 

has been done with Pisum sativurn in connection with 

cytological studies (Wilson, 1963). 

Initial counts for the mitotic indices and mitotic 

phase analyses done on preliminary control groups are 

summarized in Tables 1 and 2 (Experimental Results). At 

the beginning time of 6 a.m. the cells were actively divid

ing and approximately 38% of the cells were in either 

metaphase, anaphase, or telophase. At both 12 p.m. and 

6 p.m., again there was a good distribution among the 
0 

. mitotic phases. This preliminary study showed the cells 

to be actively dividing before any application of treatment 

at the start time of 6 a.m. and at the times chosen for 

excision of the root tips. 
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The mitotic indices for toxin treatments at 6 and 

12 hours (Tables 3 and 4) visually showed a decrease in 

actively dividing. cells, with 12 hours showing a lower 

mean count than at 6 hours. A one-way analysis of vari-

ance on the mitotic indices data showed the F-ratios to 

be highly significant at the level of P=.OOOl. An 

analysis of variance on the main effects and two- and 

three-way interactions provided F-ratios highly signifi-
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cant at the P=.OOOl level. Hence, each of the main·effects 

- toxins, treatments, times - could not possibly be 

representative of the same population. The two-way inter-

action between just treatment and time showed significance 

at the P=.025 level. These results (Table 5). were con-

sidered strong support that ochratoxin A, penicillic acid, 

and the ·two in combination along with the various treat-

ments (0.1, 1.0, 10, 100 ~g/ml), and the time exposures 

(6 and 12 hours) all interacted in some way to suppress 

the number of cells actively dividing. This analysis 
) 

also presented indications that penicillic acid was most 

effective on lowering the mitotic index while ochratoxin A, 

although effective, was the least effective of the three. 

Overall, 10 ~g/ml appeared to be more effective than 

1 ~g/ml and 100 ~g/ml with 0.1 ~g/ml having the least 
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effect; and, as was assumed, 12 hours of exposure did more 

damage than 6 hours of exposure. 

A further examination of the mitotic indices was 

done by breaking down the differences among the means. 

The two-way interactions (Figures 1-3) showed that each 

of the mycotoxins suppressed the mitotic acitvity although 

not in the same way for each of the treatments. For 

ochratoxin A and ochratoxin A+ penicillic·acid·the 

greater effect was shown at 12 hours of exposure; penicil

lic acid showed a greater effect at 6 hours of exposure 

although the means difference between 6 and 12 hours was 

only 0.05. A breakdown then for ~ime with respect to the 

other conditions supported this conclusion. The· greatest 

mean difference from 6 hours to 12 hours of exposure 

resulted from treatment with ochratoxin A + penicillic 

acid; again, there was relatively little mean difference 

from 6 to 12 hours for penicillic acid. Ochratoxin A + 

penicillic acid in combination increased its effect stead

ily from 0.1 to 10 ~g/ml and dropped off at 100 ~g/ml, 

although still greater than at 1 ~g/ml. 

The three-way breakdown interactions (Figures 4-8) 

provided a better view of the overall effect. With 

ochratoxin A the increase was similar from 6 to 12 hours 

for each of the treatments, with an overall effect of 



1.0 > 10 > 0.1 > 100 ~g/ml. Penici1lic acid showed 6 

hours of exposure to have a greater effect than at 12 

hours except at 1·0 ~g/ml; at this treatment there was a 

sharp decrease in the number of actively dividing cells 

for 12 hours. This decrease was larger (10%) than for 
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any of the other treatments at 6 or 12 hours. Concen

trations of 0.1 and 100 ~g/ml behaved in a similar manner 

for penicillic acid. With regard to the actions of ochra

toxin A + penicil1ic acid, the changes in mean counts 

were more dramatic than for the individual mycotoxins from 

6 to 12 hours (Figure 4). At 6 hours, 1.0 and 100 ~g/ml 

affected the mitotic indices in much the same way; the 

most dramatic differences being bet\veen 0.1 and 10 ~g/ml. 

At 12 hours of exposure, the sequence of effect was : 

100 > 10 > 1.0 > 0.1. Thus far, the breakdown interactions 

indicated that (1) the longer the dividing cells were 

exposed to the toxins, the lower the mean counts for the 

mitotic indices, (2) penicillic acid behaved in much the 

same manner at either time exposure, and (3) each of the 

toxins exhibited different effects for each of the treat

ments. 

The next assessment from the three-way interactions 

was with interest to the various treatments and toxins, 
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and their effect on the mitotic indices from 6 to 12 hours. 

At 0.1 g/ml, ochratoxin A and penicillic acid behaved 

similarly at 6 hours leaving only approximately 25-30% 

of the cells actively dividing. Ochratoxin A + penicillic 

acid had little effect at 6 hours (80% of cells still 

dividing). But at 12 hours, ochratoxin A+ penicillic 

acid had an effect similar to ochratoxin A alone, affect-

ing some 80% of the dividing cells; penicillic acid acted 

alike for 6 and 12 hours, affecting 70-75% of the dividing 

cells. At this concentration, ochratoxin A + penicillic 

acid elicited a greater effect on the mitotic indices when 

exposed for 12 hours; penicillic acid elicited the least 

effect. The effects of ochratoxin A and penicillic acid 

separately are reversed for this treatment over the two 

exposure times. 

At the next concentration, 1.0 ~g/ml, the results 

were similar for each of the toxins. This was character-

ized with ochratoxin A, where 76-82% of the cells were not 

dividing from 6 to 12 hours after exposure. Again, 
0 

penicillic acid behaved relatively alike at 6 and 12 hours 

after exposure with a loss of 92% of the cells not divid-

ing. Ochratoxin A + penicillic acid showed a more dramatic 

decrease from 6 to 12 hours affecting 61 then 81% of the 

dividing cells. When treated at 1 ~g/ml, penicillic acid 



elicits a much greater effect at either time exposure. 

Ochratoxin A + penicillic acid together had a greater 

effect than ochratoxin A if exposed for 12 hours. 

Next, at 10 ~g/ml, all the mycotoxins behaved in a 

similar manner from 6 to 12 hours after exposure: ochra

toxin A had from 25 then 20% of the cells dividing, with 

penicillic acid it was 16 then 6%, and for ochratoxin A 

+ penicillic acid it was 18 then 7% (Figure 5). At this 

concentration the longer exposure showed the greatest 

number of cells not actively dividing. As before, 

penicillic acid > ochratoxin A + penicillic acid > ochra

toxin A. 
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At the last concentration of 100 ~g/ml, ochratoxin A 

halted some 65-70% of the division for either time and 

penicillic acid stopped 65-75%. As noted earlier, ochra

toxin A + penicillic acid showed a sharper decrease in 

division after 12 hours (from 62% at 6 hours to 96% of the 

total cells not dividing). 

At 0.1 and 100 ~g/ml, after 12 hours of exposure, 

ochratoxin A + penicillic acid elicited an effect greater 

than each of the mycotoxins alone suggesting some type of 

cooperative effect. (Toxic synergism is defined in the 

present literature as "the cooperative effect of two or 

more substances when they elicit a total effect greater 
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than the sum of the activities of the individual sub

stances". The effects in this study, although exhibiting 

a cooperative effect, were not synergistic by literature 

definition (Schlessinger, 1975)). At 1 and 10 vg/m1, 

penicillic acid had a greater effect. In general, after 

6 hours: penicillic acid > ochratoxin A > ochratoxin A 

+ penicillic acid. 

After 6 hours of exposure, penicillic acid was most 

effective at 1 ~g/m1, ochratoxin A and 1 and 10 ~g/m1, 

and ochratoxin A + penici1lic acid at 10 ~g/m1. After 

12 hours of exposure, penicillic acid sljowed the greatest 

effect at 1 and 10 vg/ml, ochrato~in A was effective over 

0.1 to 10 ·~g/ml, and the two in combination showed a 

continuous decrease in actively dividing cells from 0.1 

to 100 vg/ml. In most cases, after 12 hours of exposure 

the least amount of cells were found dividing except in 

the case of penicillic acid, where the most damage appeared 

to be after 6 hours exposure. Hence, in general, the 

concentrations of 1 and 10 ~g/ml seemed to elicit the 

greatest effects at both 6 and 12 hours. 

After it was determined from the analysis of the 

mitotic indices that ochratoxin A, penicillic acid, and 

the two in combination affected actively dividing cells, 

the next part was to determine where the effects were 



showing up in regard to active mitosis. The mitotic 

phases examined were prophase, prometaphase, metaphase, 

anaphase, and telophase. These phases were analyzed for 

their distribution after exposures to the toxins, treat

ments, and t~mes (Tables 6 and 7). 

An analysis of variance for the fixed effects and 

the repeated measures is summarized with F-ratios and 

their significance in Table 8 {Experimental Results). 

Interactions for the phases with toxins and times and 

with toxins and treatments are highly significant at the 

P=.OOOl level. From this, a breakdown analysis of the 

means for the phases was done {Table 11). This was to 

determine what interaction the toxins, treatments, and 

exposure times had on the phase distribution. 
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wi·th the toxin treatments in general, there were more 

dividing cells in prophase at 6 hours than at 12 hours. 

As a basis for comparison, with controls (0.0 ~g/ml) 

appro~imately 83-89% of the cells scored were in prophase. 

Overall the greatest count in this phase, sequences as : 

penicillic acid > ochratoxin A + penicillic acid > ochra

toxin A. At 6 hours for ochratoxin A, treatment counts 

differed by the most from + 5% from the controls; at 12 

hours, the contrast was sharper. Penicillic acid had a 

larger prophase count at 6 hours than the controls {+5-12%); 



63 

after 12 hours, the counts for prophase declined 18 to 22%. 

Ochratoxin A + penicillic acid behaved in a different 

manner. At 6 hours the counts increased for 0.1 and 

1 ~g/ml but decreased for 10 and 100 from the controls by 

10 to 17%. 

Approximately 10 to 13% of the control cells scored 

were in prometaphase. Again, more cells for the treatments 

were found in this stage of division at 6 hours than at 12. 

At 0.1 ~g/ml for all the toxins, the counts in prometa

phase were reduced by approximately 50% both at 6 and 12 

hours. One and 10 ~g/ml generally showeg a lower pro

metaphase count. From the treatm~nts of 0.1 and 100 ~g/ml 

the mycotoxins all behaved in much the same manner (Figure 

12). The means analysis indicated a buildup in this stage 

at the higher concentrations, although the mean counts 

t.-lere lower than the controls. 

In the controls, 1-3% were in the metaphase division. 

Ochratoxin A showed less than 1% of the counts in this 

division and virtually no cells in any of the next mitotic 

divisions. The mycotoxins showed a general trend of more 

cells in this division at 6 hours than at 12. At 6 hours 

penicillic acid and ochratoxin A + penicillic acid showed 

approximately 1% of the control count. At 12 hours, 

ochratoxin A and ochratoxin A + penicillic acid showed 
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relatively few cells in this mitotic stage (1%). Penicil

lic acid showed approximately 50% less than the control 

count. 

Only about 1% of the control cells scored were in 

anaphase. Basically, only penicillic acid had cells 

scored in anaphase. (Ochratoxin A and the two in combin

ation had< 1%). The mean counts for penicillic acid 

differed from the controls at 10 and 100 ~g/ml. 

Approximately 4% of the cells from the controls 

scored were in telophase. For penicillic acid or ochra

toxin A + penicillic acid, only 1% or less of the cells 

were scored in this phase. At 12 hours, as previously 

note~, no cells were in this phase except for the controls. 

The means analyses showed that overall for the toxins, 

a greater percentage of the total number of cells scored 

were in prophase, prometaphase, and metaphase at 12 hours 

for treatments 0.1 and 100 ~g/ml. 

The conclusions to be drawn from the statistical 

analyses of the experimental data follow. The toxins 
0 

elicit a greater reduction of the mitotic index at 12 

hours, with penicillic acid having the greater effect. 

Only at 12 hours of exposure and at 10 ~g/ml and 100 ~g/ml 

were there any indications of some type of cooperative 

effect between ochratoxin A and penicillic acid. For the 



most part, ochratoxin A + penicillic acid elicited an 

effect somewhere between that of the individual toxins 

(penicillic acid > ochratoxin A + penicillic acid > 

ochratoxin A) . 

Ochratoxin A and penicillic acid have been shown 

to induce acct~ulation of metaphase cells in other 

systems, as for example, C3H mouse mammary carcinoma cell 

cultures (Umeda et al., 1977), and cultured ·hepatoma 
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cells (Creppy et al., 1980). For this study, at 12 hours 

of exposure, relatively few cells can be found in anaphase 

or telophase; and even at 6 hours, the counts were low. 

At 6 hours generally more cells were found in prophase 

for the treatments than for the controls, although only 

50% of the control counts for prometaphase were found for 

the treatments. The greatest percentage of the treated 

cells were found in prophase and prometaphase indicative 

of a possible metaphase block. 

From this st~dy, there were not any substan~ial 

indications of a synergistic effect (the effect being 

greater than the sum of the two individual toxins) 

between ochratoxin A and penicillic acid. This was in 

contrast to the observations of Lindendelser (1973) who 

found a synergistic lethal response in acute toxidity 

tests in mice. Another type of synergistic effect was 

0 
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observed by Creppy et al. (1980) who noticed a synergistic 

effect on the accumulation of RNA in cultured mammalian 

cells. There was some indication rather of a "cooperative 

effect" since the effect of the two mycotoxins in combin

ation yielded an effect between that of the individual 

toxins. 

Ochratoxin A has been found to preferentially in

hibit protein synthesis (Creppy et al., 1979) with no 

indication of binding to RNA or DNA (proteins include 

arginase and catalase). Penicillic acid has been shown 

to inhibit protein, RNA, and DNA synthesis. (Penicillic 

acid can react with arginine, histidine, and lysine.) 

Both mycotoxins are capable of interacting with the 

sulfhydryl groups of enzymes (Rodrick, 1978). 

The general tendency of the cells to remain in the 

prometaphase stage of division is indicative of a possible 

"C-mitotic effect" (Hyypio et al., 1955). The reason 

possibly being the lactone ring reactivity with the micro

fillament proteins, perhaps preventing polymerization of 

these for spindle or depolymerizing those already existing. 

(Epoxytrichothecene mycotoxins have been shown by 

Linnainmaa (1979) to arrest cells in metaphase stage by 

possible epoxide ring reactivity with the microfillar 
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proteins and their SH-groups.) (Reference~ for lactone 

reactivity can be found by Dickens (1965) and by Van Duuren 

(1969).) 

Further investigation to characterize any chromosome 

aberrations or abnormalities due to toxin treatment and 

characterization of the effect of these toxin combinations 

on cellular protein, RNA, and DNA synthesis would provide 

information of particular relevance in pinpointing any 

cooperative effect and for any comparisons with other toxin 

combinations of this nature in the literature. The results 

in this study are a good start for a further investigation 

since interactions of these toxins, treatments, and times 

on the mitotic indices and on the mitotic phase distribu

tions were highly significant at the P=.OOOl level. 



SUMMARY 

The investigation focused on a comparison of selected 

in vitro effects of ochratoxin A and penicillic acid on 

Pisum sativum (pea variety) root tips. Each mycotoxin was 

tested individually and in qombination at concentrations of 

0.1, 1.0, 10, and 100 ug/ml. Time exposures were for 6 and 

12 hours. Cellular sensitivity was evaluated by analysis 

of the mitotic index and mitotic phase distribution. 

1. Analysis of the mitotic indices was highly significant 

(P=.OOOl) for all interactions of the toxins, treatments, 

and time exposures. 

2. Twelve hours of exposure inflicted more damage on the 

mitotic indices than did six hours. 

3. Penicillic acid elicited a greater effect on lowering 

the mitotic indices with ochratoxin A eliciting the least 

effect. 

4. For penicillic acid, 1.0 and 10 ug/ml were more effec

tive as was it with ochratoxin A; for the two mycotoxins 

in combination, 10 and 100 ug/ml elicited the greatest 

effect on the mitotic indices, perhaps indicative of a 

possible cooperative effect. 

68 

0 



5. The analysis of the mitotic phases showed a highly 

significant effect (P=.OOOl) on the distribution by the 

interaction with the toxins, treatments, and time ex

posures. 

6. There were indications of a prophase build-up and a 

general tendency for the cells to remain in prometaphase 

as the time and concentrations were increased suggesting 

a "C-mitotic" effect. 

0 
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Schiff's Reagent 

To each 100 ml of 0.15N HCl, add 1 gram of basic 

fuchsin and 1.9 grams of sodium or potassium metabisulfite. 

Heat, with continuous stirring, until boiling. Allow the 

mixture to stand for 24 hours, then decolorize with 

activated charcoal (a heaping reaspoon). Filter the mix

ture with a Buchner funnel {moisten the filt~r paper with 

a few drops of lN HCl). The final product should be almost 

colorless. 

0 



Toxin** 

OA 

PA 

OA+PA 

Coded Mitotic Index for Table 3* 

0.1 

72.7 

75.8 

43.5 

Toxin Treatment (~g/ml) 

1.0 

76.7 

93.9 

61.6 

10 

75.1 

84.4 

82.4 

0 

72 

100 

63.3 

74.5 

62.4 

*Calculated as: Code= ((mean of control-mean of treatment) 
/mean of control)x 100 
A high coded score represents a low mito
tic index. 

~*OA= ochratoxin A 
PA= penicillic acid 
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Coded Mitotic Index for Table 5* 

Toxin Treatment (pg/ml} 
Toxin** 0.1 1.0 10 100 

OA 79.4 82.3 80.2 70.4 

PA 72.4 92.7 94.3 66.8 

OA+PA 80.8 87.5 92.7 96.6 

*Calculated as: Code=((mean of control-mean of treatment} 
/mean of control} x 100 
A high coded score represents a low mito
tic index. 

**OA= ochratoxin A 
PA= penicillic acid 
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17 READ INPUT DATA 

- - - .- - - - .. - - - - - - - - - - - - - - - - - - - .... - . 
MITOTIC IND~X:OA AND PA (MYCOTOX!NS) 

file NON Arvi~ lCreation d~te = 3-Aug-81) 

• - - ~ • - • - - • - - • • - ~ ~ - - ~ - - - ~ ~ • 0 N E W A Y - - - - • 

8 
1 

()1 
t-j 

~ 
~ 
f:< 

...;J 
~ 



75 

ONEHAY 

Source D. f. Sum of squares 

Between groups 4 8464.2667 

I, I NEAR term 1 4416.5333 
Deviation frorn L 1 NEfd~ 3 4047.7334 

QUAD. term 1 3SB4.3810 
Deviation from l)UAD. 2 463.3524 

CUBIC term 1 381.6333 
.Deviation from Clli11C 1 81.7191 

h11thln groups 55 1765.9167 

Total 59 10230.1830 

0 

Hean squares ~ .... ratio F-prob. 

2116.0667 65.906 o.oooo 
441&.5333 137.554 o.oooo 
1349.2445 42.023 o.uooo 
35H4.3H10 111.637 o.ooou 

231.o7o2 7.216 0.0016 

381.6333 11.886 0.0011 
B1.71<Jl 2.545 o.llb4 

32.1076 



Standard Stdndard 
Group Count He an deviation error 1\~inlmum r·•ax imUm 

GRPOO 12 37.2500 8.7918 2.53BO 25.0000 54.0000 
GRPOl 12 10.4167 4.9260 1.4220 b.OOOO 21.0000 
GRP02 12 6.4167 4.561CJ 1.31n9 1.0000 14.0000 
GRP03 12 5.41b7 3.2879 0.9491 1.0000 11.0000 
GRP04 12 9.4lb7 5.2303 1.5099 o.oooo 17.0000 ~ 
Total bO 13.7833 13.1679 1.7000 o.oooo 54.uooo ~ 

K: 
Fixed effects model 5.6664 0.731.5 

Rando1n effects model 5.9387 

Random etfects model - estimate of between component variance 173.6633 

Tests for homogeneity of variances 

Cochran's C = Max. variance/Sum(variances) = 
~artlett-nox F = 
~:aximum variance I Minimum variance = 

o.4B15, P = o.oo4 Capprox.) 
2.881, p = 0.022 
7.150 

- - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - . 
..,J 
0"1 



Accoroing to your 

Variable Record 

TREAT 1 
TOXIN 1 
RUt~ 1 
TIHE 1 
SCORE 1 
RO\~ 1 
PERSCOR£ 1 

The INPUT FORMAT 

1 RUN NAME MITOTIC INOEX:OA AND PA (MYCOTOX!NS) 
2 VARIABLE LIST TR~AT,TOXIN,RUN,TIME,SCOR~,ROW,P~RSCURE 
3 INPUT FORMAT FIXED (4Fl.O,lX 1 1Y3.1,1F2.0,1X,1F3.1) 

INPUT FORMAT, variables are to be read as follows: 

Columns Print Format 

1 - 1 ( 0) 
2 - 2 (0) 
3 - 3 (0) 
4 - 4 (0) 
6 - R ( 1) 
9 - 10 (0) 

12 - 14 ( 1 ) 

provides for 7 variables and 1 record(s) per case. 

4 N Of CASES 60 
5 I N PUT ~1 E L> I U i·1 0 P • D AT 
b VALUE LABELS T~fAT (O)NO TRPATMENT (1)0.1 UG'ML 
7 (2)1.0 UG'~·~L (3)10. UG'ML 
8 (4)100 UG'ML/ 
9 TOXI~J (l)OCHHATOXIN A 

10 (2) PENlCILLIC ACID 
11 (3) RUTH/ 
12 HllrJ (l)r·tRST (2)f)UPLICATF.~/ 

8 
~ 
~ 
()1 
1-j 

~ 

1. 3 T 1 t-~ E: ( 1 ) 6 ll 0 1J R S ( :l ) 1 2 H 0 lJ H S I 
14 ANOVA P~PSCUR~ BY TOX1N(1,3) TREAT(1 1 4) TlME(l,2) 
15 STATiSTICS ALL 

ANOVA. problem requires 1188 words of SPACE. 

16 R~AD INPUT DATA 

0 

......,J 

.....] 



MITOTIC INDEX:OA AND PA (MYCOTOX!NS) · 

File NUNAr-1E (Creation date = 3-Aug-81) 

*·* * * * * * * * * A N A L Y S I S 0 F V A R I A N C E 
PEPSCOHE 

by ·ruxrrl 
TPF:AT 
Tl t-1E.: 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Sum of Mean Siqnif Source of variation Squares df Square F ot r-

Main etf.ects 36.865 6 6.144 76.011 0,.000 
TOX.ttJ 4.534 2 2.267 2B.044 o.ooo 
TRF.AT 18.031 3 6.010 71.354 o.ooo 
1' 1 ~l r~ 14.301 1 14.301 176.917 o.ooo 

u 

2•way interactions 31.135 11 2.830 35.016 o.ooo 
TUX 11.; TRt::AT 14.003 6 2.334 2H.872 o.ooo TUX IN T I r·i r: 16.70fj 2 8.354 103.34~ o.ooo TREAT Tit~E 0.424 3 0.141 1.749 0.184 

3-way interactions 5.692 6 0 
0.949 11.736 o.ooo TOXIN TRt:AT Tir'lE 5.692 6 0.,949 11.736 o.ooo 

Explained 73.692 23 3.204 39.637 o.ooo 
Residual 1.940 24 0.081 
Total 75.633 47 1.609 

~ 
0 

~ 

.....] 

co 



MITOTIC !NDEX:OA AND PA (MYCOTOXINS) 

File NUNAME (Creation date = 3-Aug-Bt) 

* * * M U L T I P L E C L A S S I F I C A T I 0 N A N A L Y S I S 
PERSCORf~ 

by TOX II~ 
TRF.AT 
TIME 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Grand mean = 7.71 

Variable + category 

TOXIN 
1 OCHRATOXIN A 
?. PF.NlCILLIC ACID 
3 HOTH 

TREAT 
1 () , 1 U G ' :o.q,J 
2 1.0 UG'ML 
3 10. UG "~1 L 
4 100 UG "r~L 

TIME 
1 b HOURS 
2 12 HOURS 

Multiple R squared 
~ultiple R 

0 
- - -

N 
Unadjusted 
Dev'n Eta 

16 -0.26 
16 0,43 
16 -0.17 

0,24 

12 -0.68 
12 0.48 
12 0.73 
12 -0.53 

0.49 

24 -o.ss 
24 o.ss 

0.43 

Adjusted for 
independents 
Dev'n Beta 

-0,26 
0,43 

-0.17 

-0,68 
o.4B 
0,73 

-0.53 

-0,55 
o.ss 

0,24 

0,49 

0.43 

.487 
,698 

~ s; 

-J 
\.0 



According to your 

Variable Record 

TREAT 1 
TOXIN 1 
RUN 1 
fiMS 1 
SCUPE 1 
ROW 1 
PEHSCORE 1 

1 RUT~ NAr•tF. 
2 VARIABLE LIST 
3 1 NPUT FORt·1AT 

MiTOTIC INDEX:OA AND PA (MYCOTOXINS) 
THE AT , 1.' U X I N , RUN , T If\~~~ , S C 0 H r: , H l1 W , P l~ R S C 0 R E 
FIXED(4Fl.0,1X,1F3.1,1F2 .. 0,1X,lf'3.1) 

INPUT FORMAT, variables are to be read as follows: 
Columns Print forrnat 
1 - 1 (0) 
2 - 2 (U) 

3 - 3 (0~ 4 .. 4 (U 
6 .. 8 ( 1 ) 
9 - 10 (0) 

12 - 14 ( 1) 

The INPUT FORMAT provides for 7 variables and 1 record(s) per case. 
4 N or-· C AS~:s 
5 I ~J P lJ 'J' r-1 E 0 1 U M 
6 V 1\l,PE Ll\UELS 
7 
8 
9 

10 
11 
1 2 
13 
14 B REAKDO~-JN 
15 
16 
17 
18 
19 

60 
UP.IJAT 
THE l\ T ( 0 ) N n TREAT ~1 EN T ( 1 ) 0 • 1 U G ' M L 
(2)1.0 UG'ML (3)10. UG'ML 
( 4) 1 o 0 U G 'i~ l, I 
TOXIN (l)UCHRATOXI~ A 
(2) P~NJCILLIC ACID 
(3) BUTH/ 
RUN (l)FIRST (2)0UPLICATE/ 
T 1 ~·~ r.: ( 1 ) 6 H U U H S ( 2) 1 2 H 0 IJ RS I 
TAI-\Lr:S=PEHSCURP. RY TOXIN BY THEAT/ 
P E H S C U R r ~ H Y 1' 0 X 1 N B Y T I r-1 F. I 
P~:PSCUHE BY THEAT BY TOXIN/ 
PERSCCHU·~ BY T HI·~ AT B 'i T I r-1E I 
PF~HSCOHr: BY Tl~lE: BY TOXIN/ 
Pto.:RSCURl-.; BY Tlr-11:: l\Y TREAT/ 

~i 
~ ~ 
~ s 
H (1 
::::1 1-j 
rt 

@ ~ 
&. § 
0 Q ;=j .,.. z 

***** Given worKspace allows tor 1990 cells and 2 dimensions for suop1 

20 READ INPUT DATA 
0 

co 
0 



- - - ~ - - - - - - - - - - -Criterion variable PEHSCORt: 
brokell tJo:h'n by TOXIN 

by Tl-H:AT - ~ - - ~------- - - --- ----- -
Variable Code Value label 

For entire populatior 

TOXIN 1 • 0 C H R AT 0 X li·J A 
TkEAT o. NO TRr;ATt-n~.:NT 
T}-:fl\T 1 • 0. 1 UG 't-1lJ 
T J\ ~:I\ T 2. 1. 0 UG 't·H, 
TBrAT 3. 10. llG'Hf., 
TJ.:EAT 4. 100 lJG'ML 

TOXIN 2. PI":NICII,LIC ACID 
TREAT o. NO TRI::AT~\ENT 
TH!·~AT 1 • 0. 1 tJG 'I-1L 
TREAT 2. 1 • o u G 'r-a, 
TRF1\T 3. 10 • UG 't·HJ 
ThEAT 4. 100 UG'ML 

rox T r~ 3. BOTrl 
TRF:AT u. NO TREATMF.:NT 
T~ r;~ 1\ T 1 • 0. 1 UG'l-lf., 
TRl~AT 2. t. 0 UG 'f'.1L 
TREAT 3. 1 0 • lJ G ' t-11., 
TR~AT 't. 1 o 0 U G '1-1 1, 

Totc1l cases = 60 

- - - - - - - -

- - - - - - - - - - ~ ~ - - - - - - ~ ~ 

Sum fJiean Std dev 
370.2000 6.1700 3.3107 

119.2000 5.9600 3.1110 
0,.0000 o.ouoo o.oooo 30.20\JO 7.5500 0.5196 

31.6(100 7.9000 0.3916 
30.HOOO 7.7000 0.4082 
26.6000 6.6500 0.5323 

130.3000 6.5150 3.473b o.oooo o.oooo o.oooo 
29.~00(1 7.3750 0,.3H62 
37.1000 9.2750 O,.lt{93 
35.6000 8.9000 0.605~ 
28.1000 7.0250 0.4425 

120.7000 0 

6,.0350 3.4785 o.oooo o.oooo o.ooou 
24.7000 6.1750 2.1716 
29.b000 7.4000 1.S18i::i 
34.9000 8.725() o.607o 
31 • .5000 7.8750 2.0023 

tJj 

~ 
~ 

co 
1--1 



- - ~ - - - ~ - - - - - - ~ -
Criterion variable PERSCORE 

broken down by T I~·~~ 
by TOXIN 

- - - - w - - - - - - - - ' • - • - - - - - - - - - - - - - - - - - - - ~ 
Variable Code Value label Sum · ·~;ean Std dev 
For entire population 370.2·000 6.1700 3.3107 

T I 1-'F: 1 • 6 HOURS 172.0000 5.7333 3.1374 TOXIN 1 • flCHHA'fOXIN A 57.1000 5.7100 3.<J!:>7-4 TUX IN 2. Pf~NICILLIC ACID 65.4000 6.5100 3.525H TOXIN 3. RUTH 49.5000 4.9~00 2.920Y 
·rr Ml·: 2. 12 HOURS 198.2000 6.6067 3.'l72Y TOXli'J 1 • OCHHATOXJN A 62.1000 6.?100 3.3084 TOXIN 2. P~:NICl LLIC ACID 64.9000 b.491)() 3.610Y TOXl IJ 3. BOTH 71.2000 7.1200 3.7944 

60 to l'otnl cases = 

! - - - - - - -- - - - - - -
Criterion variable p~;HSCORt: 

broken do•,a~n ny TOXIN 
~ t1y T C·lt: .. - - - - ..... - .... .... .... ,.. .,.. ... -... ..., - . - -... - .. ·u· -. .., ... .. ... • ... - - - _. - .. ._ .., .. 

Variable Code Value label Sum Mean Std dev 
For entire population 370.2000 6 .. 1700 3.3101 

0 

TOXIN 1 • OCHRATOXIN A 119.2000 5.9600 3.111U '1'1 ~~ E 1 • 6 HOlJkS 57 .. 1 0 () (l 5.7100 3.,0574 T 1 !-it: 2. 12 HOURS 62.1000 6.2100 3.3084 
TOXIN 2. P~NICILLlC ACID 130.3000 6.5150 3.4736 'f 1 r.1 f<: 1 • 6 HOURS 6 5 .. 4 0 \) 0 6.5400 3.,5:l5~ T 1~·1~_: 2. 12 HOURS 64.9000 6.4900 3.6109 
TOXIN 3. HOTH 120.,7000 6.0350 3.478~ r ll'l r; 1 • 6 HOURS 4'}.5000 4.9500 2.920Y T 1 r-H~: 2. 12 HOURS 71.2000 7.1200 3.7944 

'fot~l Cilses = 6U CX) 

N 



- - - - - - - - ~ -Criterion varla~le 
broken ctown by 

by 

- - - - -
Pt-.:RSCORE 
TH~~J\ T 
TOXIN - - - - ... - -- .... --- -- -- - -------- - --- -- -,_ -.. -- -- - - - - ~ ... ... .. - - - - - "' 

Variahle Code Value label 

F"or entire population 

TREf\T 
. TUX IN 
TUX IN 
TUXLtl 

TRf::J\T 
TUX l r1 
TUX l :.J 
TOXIN 

TREAT 
TOXI~ 
TO X I~! 
TUXl~ 

TRr:AT 
TOX I i~ 
TUX IN 
TUX .I!·l 

o. 
1 • 
:l • 
3. 

1 • 
1 • 
2. 
3. 

2. 
1 • 
2. 
3. 

3. 
1 • 
"2. 
3. 

TR~l\T 4. 
TUX (i-1 1. 
TOXIN 2. 
TUXlN 3. 

Total cases = 

NO 'fHf~A. Tf·iENT 
OCHHATOXIN A 
P ~ ~J 1 C 1 L L l C A C I 0 
HUTH 

0.1 lJG"'f.1L 
n C H H A '1' 0 X I N /\ 
Pt·:N IC lLLIC ACID 
ROTH 

1 • 0 UG "'tiiJ_, 
OCHHA'fOXJN A 
P E rJ I C 1 IJ L I C ACID 
BOT II 

1 0. UG "'f..tT.J 
OCHRATOXIN A 
PF:HtCILLIC ACID 
noTH 

1 0 0 lJ G "' t-i L 
OCHRATOXIN A 
PJ:o.:NICII.)f_,rc ACID 
t-\UTH 

60 

Sum 

370.2000 

o.oooo 
o.ooon 
o.oooo 
o.oooo 

94.4000 
30.2000 
29.!:>000 
24.7000 

9H.3000 
31.b000 
37.1000 
29.6000 

101.3000 
30.800'{) 
35.oooo 
34.9000 

R6.2000 
26.6000 
2H.10UO 
3l.SOOO 

0 

rv\ean 

6.1700 

o.oooo 
o.oooo 
o.oooo 
o.oooo 
7.0333 
7.5500 
7.3750 
6.1750 

8.1917 
7.9000 
9.?.750 
7.4000 

8.4417 
7.7000 
8.9000 
8.7250 

7.1833 
6.6500 
7.0250 
7.H750 

Std dev· 

3.3107 

o .. oooo 
o.oooo 
o.oooo 
0,.0000 

1.3446 
0.519b 
0.3862 
2.1716 

1.1bH9 
0.3910 
0,.1893 
1.518H 

0.7428 
0.4082 
0.6055 
0.6076 

1.2291 
0.5323 
0.4425 
2.002.3 

I 

co 
w 



Criterion variable 
broken down by 

by 

PER SCORE 
TREJ\T 
TINt: - - .. - ... ..- ...... - - - .. - .. - .. .. - - -. • * ... -

Variable Code Value label Sum 
for entire population 370.2000 

TRt:J\T o. NU THC.:/\ Tr-H;N T o.oooo 
T l t-11·~ 1 • 6 HOtJkS o.oooo 
TI~t-~ :l. 12 HOURS o.oooo 

TRt:I\T 1 • n • 1 UG "fw\IJ R4.4000 
T It-\F.: 1 • 6 HOURS 38.1000 
TIM~~ 2. 12 HOURS 46.3000 

TREAT 2. 1. 0 UG't-1L 9H.3000 
T 1 r-~E 1 • 6 HOllkS 4b.l000 
T 1 !·1 r_~ 2. 12 HOUHS 52.2000 

TRE1\'f 3. 10. UG'ML 101.3000 
Tlnr.: 1 • 6 HOtJHS 48.1000 
T 1r-1~ :l. 12 HOURS 53.2000 

fRE:f, T 4. tOO UG'ML 86./,0()0 
Tun~: 1 • 6 HOURS 3lJ.7000 
T I ~·ii=; 2. 12 HOURS 46.5000 

Tot:al cases = 60 

- - - - - - - - - - - - - - - - - - - -

0 

Mean 

6.1700 

o.oooo 
o.oooo 
o.oooo 
7.0333 
6.3500 
7.7167 

8.1917 
7.6833 
8.7000 

8.4417 
8.0167 
s.soo7 
7.18)3 
b.61h7 
7.7500 

._.. - -- -. .... - .-. 

Std dev 

3.3107 

o.oooo 
o.oooo 
o.oooo 
1.344b 
1.620B 
0.4792 

1.1o8\} 
1.4662 
0.485~ 

o.742ij 
0.46b5 
0.7501 

1.2:.?91 
0.6616 
1. 11543 

- - - - - -

~ 
~ 

CX) 

~ 



- - ~ - - - - - - ~ - ~ - - -
Cr~terion variable Pt:RSCORE 

broken dO'A'll t'y r I:·'ll·: 
by THF~AT - - - - - - - - - - - - - - - -

Variable Code Value label 

For entire population 

Tii·~F 1 • 6 HOURS 
TREI\T \) . "H1 TRr:J\ Tt-,ENT 
T~<EAT 1. 0.1 UG"ML 
TRr::AT 2. 1.0 UG"MJ.J 
TFL·:AT 3. to. lJG"~1L 
TRF:AT 4. 1 0 0 U G ' i1 I,~ 

r I r·\ F. 2. 12 HOURS 
TI\E,\T o. NO TRFATH~NT 
TFF-_:AT 1. 0.1 llG'HL 
T).{EAT 2. 1. 0 Ut~ 'M L 
TR r: J\ T 3. 10. UG"ML 
T ~U:A T 4. 100 UG"NL 

Total cases = bO 

~ - - - - - - - - - - - - -

- - - - - ~ - - - ~ - - - - - - ~ - -
Sum Mean Std dev 

370.2000 6.1700 3.3107 

172.0000 5.7333 3.1374 o.oouo o.oooo o.oooo 
3B.10UO 6. 3 s t) 0 l.b~OH 
46.1000 7.6H33 l.4662 
18.1000 8.0167 0.46b~ 3Y.?ouq, b.6167 0.661n 

19t:i.20UO 6.6067 3.472<J o.oooo o.oooo o.oooo 
46.3000 7.7167 0.4792 
52.2000 t3.7000 0.4B5H 
53.2000 0 8.8667 0 •. ,50 1 
4b.500<J 7.75UO 1.454J 

- - - - - - - - - - - - - ~ ~ -

tJj 

I 
~ 

(X) 

Ul 



Accorrling to yonr 

Variable Record 

TRF.:AT 1 
TOXIN 1 
RUN 1 
TIME 1 
SCORE 1 
HO ~'4 1 
Pr~RSCOPE 1 

The INPUT FORMAT 

1 ~UN NAME MITOTIC TND~X:OA AND PA (MYCOTOXINS) 
2 VARIAHLE LIST TRFAT,TOXIN,PUN,TIME,SCORE,ROW,PEHSCORE 
3 1 N PUT f" 0 R MAT FIX r: D ( 4 F 1 • 0 , 1 X , 1 ~~ 3 • 1 , 1 F' 2 • 0 , 1 X , 1 F' 3 • 1 ) 

INPUT FORMAT, variahles are to be read as follows: 

Columns Print Format 

1 - 1 (0) 
2 - 2 (0) 
3 - 3 (0) 
4 .. 4 (0) 
6 - 8 (1) 
9 - 10 (0) 

12 - 14 (1) 

provides for 

4 N OF CASr;s 
5 1 N P tJ T H F.: l> I U ~., 
6 VALUE!: LABELS 
7 
8 
9 

10 
1 1 
12 
13 

7 variables and 1 record(s) per case. 
60 
OP.I)AT 
TREAT (O)NO TR~ATMENT (1)0.1 UG'ML 
( 2 ) 1 • 0 U G ' ~~ L ( 3 ) l 0 • !J G " M L 
(4)100 UG"ML/ 
T 0 X 1 rJ ( l ) UC II HAT 0 X IN A 
(2) PENIClLLIC ACID 
(3) BOTH/ 
RUN (1 )~'IHST (7.)DUPLTCATE/ 

~ oi 
:k . ~ 
~ ~Tj 

0 
H t-j 
::J 
rt to 

~- I 
0 ::E; 
::J z 

14 BREl\KDO\AlN 
15 

T 1 P t~ ( 1 ) 6 iJ 0 IJ R S ( 2 ) 1 2 H 0 U R S I 
TARL~S=PFRSCOR~ AY TOXIN HY TIME BY 
PERSCOR~ BY TREAT BY TOXIN BY TIM~/ 
P ~: H S C 0 R E B Y T R F: AT B Y T T ME R Y T 0 X IN I 
P t: R SCURF. BY T I '-H.: ~ Y T 0 X I N BY T .R 1:!: AT I 
PERSCOR~ BY TIME HY TREAT RY TOXIN/ 

TREAT/ 
16 
17 
18 

***** Given workspace allows for 1791 cells and 3 dimensions for subprogr 

1? READ INPUT DATA 

- .. .. - ... - - .. ~ - ~ - - - - - - - - - - - - - - - - ~ ~ ~ - ~ - ~ ~ - - 00 
0'\ 



Variable Code Value label sum ~1ean Std dev 
For entire population 370.2000 6.1700 3.3107 

TOXIN 1 • OCTJRATnXIN A 119.2000 5.9600 3.1110 TIME: 1 • 6 HOUHS 57.1000 5. 7 11) 0 3.0574 
TR~AT o. NO THr~ A. T1·1Ef~'f o.uooo o.oooo o.oooo '1'1-U.:AT 1 • 0 • 1 UG "Ml, 14.4000 7.2000 o.sos7 TPEAT 2. 1.0 tJG"ML 15.2000 7.6000 0.2H2~ 
TRr:AT 3. 1 0. UG "~1L 14.9000 7.4500 0.070"/ 
THi:;I\T 4. 100 UG'ML 12.b000 6.3000 0.4243 

TI f·1E 2. 12 HOURS 62.1000 6.2100 3.3084 
TRt:AT o. N 0 '1' R ~: A 'I' ~,EN 'f o.oooo o.oooo o.oooo 

• TREAT 1 • 0.1 UG"ML 15. 8 ()() 0 7.9000 o.oooo 'l' rn: 1\ T 2. 1 • 0 11 G " p, lJ 16.4000 8.2000 0.1414 TR[';AT 3. 10. IJG "~1 L 15.900() 7.9500 0.4950 
TR~I\T 4. lUO UG'Ml1 14.0000 7.0000 0.4243 

TOXIN 2. F' E tl I C I L JJ J C A C I D 130.3000 6.5150 3.473bld Tli·1E 1 • 6 HUUHS 65.1000 6.5400 3.525~~ 
TIU~ 1\ T o. N 0 TR t: A 1' r,H:.:N T o.onoo o.oooo o.ooou~~ THEAT 1. 0.1 UG'MJJ 15.1000 7.5500 0.0701(~ TI·H<AT 2. 1.0 UG"t.J\L 18.7000 9.35t)0 0.0707o Tf<t:-:AT 3. 1 0 • t J G ~ f·H 1 16. H 0 (l 0 H.4000 O.?.R2B~ TRr~A T 4. l 00 UG "t-1L 14.HOOO 7.4000 0.1414 

T lf·!E 2. 12 HOURS 64.9000 6.4900 · 3.610Y THE AT o. NO TREJ\tr·H·:N'f o.oooo o.oooo o.oooo TRr.:AT 1 • 0 • 1 t J G ' t>'\ t.~ 14.4000 7.2000 0.5657 THr:J\T 2. 1 • 0 lJ G ' iii L 18.4000 9.2000 0.2r32H 
TPr~ AT 3. 10,. lJG"ML 18.8000 9.4000 0.1414 TREAT 4. 100 UG"l"llJ 13.3000 6.6500 0.0707 

TOXIN 3. ROTH 12 0. 7 0 1) 0 6.0350 3.47H~ Tit-H.~ 1 • 6 HOURS 49.SOUO 4.9500 2.YLO'! 
TR~AT o. NO TREATt"ENT o.oooo o.oooo o.oooo 'l'J.:f::A 'l' 1 • 0.1 UG"ML 8.bOOO 4.3000 0.~82~ TRf~AT 2. 1 ,.0 UG"ML, 12.2000 6.1000 0.2H2ij TREAT 3. 1.0. tJG't"'L 16.4000 8.?.000 o.ooou TRtAT 1. 100 UG"ML 12.3000 6.1500 0.353b 

Tl~'~ 2. 12 HOUHS 71.2000 7.1200 3.7944 TRr~A'L' o. NO TREATrn:NT o.oooo o.oooo o.oooo TREAT ~ . 0 • 1 UG "~HJ 16.1000 8.0500 0.0701 TRr~AT 2. 1 • o u t; ' r~1 L 17.'\000 8.7000 o.~H2H co 
'l'H£·.AT 3. 10 IJG"ML 18.5000 9.2500 0.070'/ ...J 
T~t.AT 4. 100 UG"ML 19.2000 9.6000 o.oooo 



~ - - - ·- - - - - - - - - - - - - ·- - - ~ - - - - - - - - - - ~ - - - - -
Variable Code Value label sunt Mean Std dev 
for entire population 370.2000 6.1700 3.3107 

TRI-.:AT o. - NO TR~~ATM~:NT o.oooo o.oooo o.ooou TOXIN 1 • OCIJRl\TOXIN A' o.oooo o.oooo o.oooo T I r-~r.: 1 • 6 HOURS o.oouo o.oooo o.ooou T I r-~ t: 2. 12 HOURS o.oooo o.oooo o.oooo 
TOXItr 2. PEN!CILLIC ACID o.oooo o.oooo o.oooo T .I M~: 1 • o HOUHS o.oooo o.oooo o.oooo Tlt-!E 2. 12 HOURS o.oooo o.oooo o.oooo 
TOXI ~~ 3. HOTH o.oooo o.oooo o.oooo TIt'- E; 1 • 6 HUUHS o.oouo o.r)OOO o.ooou T I r-~ t: 2. t2 HOURS o.oooo o.oooo o.oooo 

tp 
TREAT 1 • o. 1 tJG 'l-1 L R4.4000 7.,0333 1.3446 ~ 

tij TOXIN 1 • OCHRATOXIN A 30.2000 7,5500 0.5196 ~ T I i'-1 t-: 1 • 6 HOURS 14.4000 7.2000 0.5657 ?;! 
TIt·' E: ~. 12 HOURS 15.8000 7.9000 o.oooo 0 

0 
TOXI~ 2. Pt;NICILLIC ACID 29.SOOO 7.3750 0.,3862 ~ TI,.~E 1 • 6 HOUHS 15.1000 7.5500 0.0707 T I r;f. 2. 12 HOURS 14.4000 7.2000 0.5657 
TOXIN 3. ROTH 24.7000 6.1750 2.,1716 

TIt"~: 1 • 6 HOtJRS 8.600() 4.3000 0.2828 TU··H: 2. 12 HOURS 16.1000 8.0500 0.0707 
TREAT 2. 1. 0 UG "HJJ 90.3000 8.1917 1.1689 TOX I fJ 1 • OCHRATOXIN A 31.6000 7.9000 0.3916 'l'IMr .... 1 6 H'UUFS lS.:£000 7.6000 0.282ti . 

TTtr.E 2. 12 HOliRS 16.4000 8.2000 0.1414 
TOXI rJ 2. PENICIT,LIC ACID 37.1000 9.2750 O.lB9J T I r-1~~ 1 • 6 HOURS 18.7000 9.3500 0.0707 TI r~ F: 2. 12 HOURS tk.4000 9.2000 0.28/.H 
TOXIN 3. HOTH 29.6000 7.4000 1.5188 TIMF 1 • 6 Hl.HJHS 12.2000 6.1000 o.2B2ti Tif·H·: 2. 0 12 HOURS t7.4000 8.7000 0.2828 

(X) 
(X) 



TR~AT 3. tO. UG'ML 10\.3000 8.4417 o.742H TOX l t~ 1 • OCHRATOXIN A 30.8000 7.7000 0.40H:l 
Tir·iE 1 • 6 HUUHS 14.9000 7.4500 0.0707 
'1.' I rt: F~ 2. 12 HOURS 15.9000 7.9500 0.4950 

TUX IN 2 P t:; N I C I t, L 1. C A C I D 35.6000 8.9000 O"b05~ 'f I t·t ~: 1: 6 HUUHS 16.8000 R.4000 0.,2ij2ij 
'1' lt' E 2. 12 HOURS· 1H.8000 9.4000 0.141.4 

TOXIN 3. BOTH 34.9(100 8.7250 o.o07o 
T I t•i F. 1 • 6 HO{JHS 16.4000 8.2000 o.ooou 
'f I r~E :.2. 12 HOURS 18.500() 9.2500 0 '() 7 0 ., 

TREA't 4. 100 lJG"HL Bo.2ouo 7.1833 1.2291 TUX IN 1 • PCHHATOXIN A 2&.6000 6.6500 0.5323 TIME 1 • 6 HOURS 12.oOOO b.:-3000 0.4243 
Tlt·n: 2. 12 HOURS 14.0000 7.0000 0 .. 4243 

TOXI ~l 2. PENlCILLIC ACIO 28.1000 7.0250 0.4425 tJj T I~~ r.: 1 6 HUUf<S 14.8000 7.4000 0.1414 ::u Tlt·1E 2: 12 HOURS 13.3000 6.6500 0,.0707 t:rj 
~ 

TOX I rJ 3. fHJTH 31.5000 7.8750 2.0023 ~ 
0 t I f·H·: 1 • 6 HOUHS 12.3000 6.1500 0.3536 0 T I~·~ iO: 7. • l2 HOlJRS 19.2000 9.6000 o.uooo ~ - - - ~ ~ ~ ~ ~ - - - ~ ~ - ~ ~ • ~ ~ ~ - e • • ~ - • • ~ • ~ ~ ~ - " ~ • 

u 

Variable Code Value label Sum r-1ean Std dev 
for entire population 370.2000 6.1700 3.310., 

TREAT o. N 0 TREAT i·' EN T 0. () 0 0 0 ° o.oooo o.oooo T I ~H-~ 1 • 6 HOURS o.oooo o.oooo o .. uooo TOXIN 1 • OCHRATOXIN A o.oooo o.oooo 0,.0000 TOXIN '2.. p~·:NICILLJC ACID o.oouo o.oooo o.oooo TC1X 11~ 3. ROTh o.oooo o.oooo o.oooo 
TinE 2. 12 HOURS o.oooo o.oooo o.oooo TOXIN 1. OCHHATOXIN A o.oooo o.oooo o.uooo TOXIN 2. PEriiC!LLIC ACID o.oooo o.oooo o.oooo 'fOXlN 3. P-OTH o.uooo o.oono o.oooo 

TREAT 1. 0.1 UG"ML 84.4000 7.0333 1.344b TIHE 1 • 6 HOU!)S 3H.1000 6.3SOO 1.6208 TOXIN 1. OCHR/\TOX!N A 14.4000 7.?.000 o.~)b5'l co TOXIN 2. l?E:NlCILLIC ACID 15.1000 7.5500 0.0707 \.0 TOXIN 3. BUTH 8.6000 4.3000 o.2B2H 



T 1 i·tf. 2. 12 HOURS 46.3000 7.7167 0.4792 TOXIN 1 • OCHRATOXIN A 15.BOOO 7.9000 o.oooo· TOXIN 2 PENlCILLIC ACID 14.4000 7.2000 0.5657 TOXIN 3. ROTH 16.1000 8.0500 0 .. 0707 • 
THEA'f 2. 1 • 0 lTG 'i"tL 98.3000 8.1917 1.16BY Tl ~~~ 1 • 6 HOU~.S 4b.l0UO 7.6~33 1.4b62 TOXIN 1 • nCHRJ\TOXIN A 15.2000 7.6000 0.282ij TOXIN l. PENICILLIC ACID 1H.7000 9.3500 0.070/ TOXIN 3. POTH 12. 2(1 u 0 6.1000 o.282H 

T I ~-1E 2. 12 HOURS 52. 20tH) 8.7000 0.485ti TOXIN 1 • OCHRATOXIN A 1b.4000 R.2000 0.1414 IJj TOXIN 2. P E N I C 1 TJ J.1 I C A C I D 1A.4000 9.?.000 0.2H2B ~ TUX IN 3. BUTH 17 • 4 {H) (I 8.7000 O.:l82$$ !:t:" 
TREAT 3. 10. UG'ML 101.3000 B • 4 41 ·1 0 • ., t} 2 ~ ~ 

t:l TIME 1 • 6 HOURS 48.1000 8.0167 0.466~ 0 TOXIN 1. OCHRA.TOXIN A 14.9000 7.4500 0. 0 ., 0., ~ TUX TN 2. Pt:NIClLLIC ACID 16.8000 8 • 4 0 I) 0 0.282~ TOXIN 3. BOTH 16,.4000 8.2000 o.oooo 
TlP.~E 2. 12 HOURS 53.2000 R.8667 0,7501 TOXIN 1 • OCliRA1 OX If~ A 15.9000 7.gsoo 0.4950 TOXIN 2. P~NlClJJl.l::C AC!n ts.aooo Y.4000 0.1411 TOXIN 3. BUTH lB.sovo 9.?.500 0.0707 

TRf~AT 4. 100 UG"MlJ 86.2000 7.1833 l.:l291 TIH~ 1 • (, HUURS 39.7000 6.6167 0.66lb TOXIN 1 • OCiiRATOXIi~ A 12.6000 6.3000 0.4243 TOXIN 2. P~:f'liC.lLLIC ACID 14.8000 7.4000 0.1414 TOXIN 3. BOTH 12. 3 (>IJ 0 6.1500 0.3536 
TI ~1E 2. 12 HOURS 4b.5000 7.75()0 1.1543 TOXTN 1 • nCHHATOXT.N A 14.0000 7.0000 0.4243 TOXJN 2. P r: ~~ I C I L L I C A C I D 13.3000 6.6500 0.0707 TOXIN 3. BUTH 19.2000 9.6000 o .. oooo 

\.0 
0 



Variable Code Value label Sum r~ean Std dev 
For entire population 370.2000 6.1700 3.3107 . 

TIME: 1 • 6 HUURS 172.0000 5.7333 3.1374 TOXl:i 1 • OCHRATOXIN A 57.1000 5.7100 3.0571 T Rl-~ f\ T o. N 0 TREAT~, EN T o.oooo o.oooo o.oooo TH~~AT 1 • 0.1 UG'HIJ 14.4000 7.2000 0.5657 'f H ~~A 1' 2. 1.0 UG'ML 15 • 2 ()C) 0 7.6000. 0.2B2~ THf-~AT 3. 10 II UG, M TJ 14.9000 7.4500 0.010'1 TR~.AT 4. 100 UG 'Mt, 12.6000 6.3000 0.4243 
TOXIN 2. PEHIC!t.I,IC ACID n5 .1o•>o 6.5400 3.525t; TRf:AT o. N 0 T R r·. A. 'f ~1 t: N T o.oouo o.oooo o.oooo TRI::AT 1 • 0.1 UG'ML 15.1000 7.5500 0. 070"/ 

TR~AT 2. 1. 0 UG 'l-1 L 18.7000 9.3500 0.0707 TH~~A'f 3. 10. UG'fv1L 16.8000 8.4000 0.282ij THEJ\T 4. 100 UG 't-H.J 14.80()0 7.4000 0.1414 
TOX l tJ 3. BUTH 49.5000 4.9500 2.920\J to Tf' t: AT () NO 'l'Rf:AT~·1ENT o.oooo o.oooo o.ooou ~ • TRr .. AT 1 • 0 • 1 UG '11L 8.b000 4.3000 o.282H :t:' TPt:AT 2. 1. 0 UG 'M t, 12.2000 6.1000 0.282~ ?::: THI':AT 3. 1 0 • U G " r·H, 1 b. 4 (' 0 0 H.2000 o.oooo 0 

rr~ r~AT 4. 100 UG 't'HJ 12.3000 b.1500 0.353b 0 

~ TIME 2., 12 HOURS 198.2000 6.6067 3.472~ TOXl \J 1 • OCHRATOXIN A 62.1000 6.2100 3.30H4 T •< ~~AT o. NO TRr:AT;.~r~NT o.oooo o.oooo o.oooo TP~AT 1 • 0. 1 UG 't'wi !J 15.8000 7.9000 o.ouou T f\t~A T :l. 1 • o u G .. r·u~ 16.4000 8.2000 0.1414 TF~:AT 3. 1 0 • U G ' 1•\l, 15.9000 7.9500 0.49SO TREAT 4. 100 UG'ML 14. 0 0 () 0° 7.0000 0.4243 
TOXI:.J :l. P r: t-.~ I C 1 TJ L I C A C I D 64.9000 6.4900 3,6109 TRE.AT o. NO 'l'Hr~J\Tr·1ENT o.oooo o.oooo 0.000() TH~.A.T 1 • 0.1 UG'ML 14.4000 7.2000 0.565"7 THEAT 2. l • 0 UG "M IJ 18.4000 9.2000 0.282ij lRl:.:AT 3. 10. UG'HL 18.~000 9.4000 0.1414 TPt.AT 4. 10 0 UG 'r1L 13.3000 6.6500 0.0707 
TOXlN 3. ROTH 71.2000 7.1200 3.7944 TR~:I\T o. N I J T R E i\ T l'H': NT o.oooo o.oooo o.oooo T Hl·~f, T 1 • 0.1 UG'MlJ lb.lOV(t 8.0500 0.0701 Ti~ F. AT 2. 1.0 UG"ML 17.4000 8.7000 0.2U2B 

\.0 TPt-; l\ T 3. 10. UG'Mtj 18.50UO 9.2500 0.0701 I-I TRt:A1' 4. 1 0 0 l1 (; ' N l1 19.2000 9.6000 o.oooo 



- - - .... - ..... - - ._ ---,._, ............. -........ -..... ~ - - ... - - - - - - .. - - - - - - - .. ~ ... - - -
Variable c. ode Value label Sum Mean Std dev 

For entire population 370.,2000 6.1700 3.310'/ 

tir1E 1 • 6 HOtJkS 172.0000 5.7333 3.1374 TREAT o. N 0 T R F. AT f·1 r: NT o.onoo o.oooo o.oooo TOXIN 1 • OCHRATOXIN A o.uooo o.oooo o.oooo TOXIN 2. P t: r ~ I C I T., L I C A C I D o.oooo o.ooou o.oooo TOXIN 3. BOTH o.oooo o.oooo o.uooo 
TREAT 1. o • 1 u G ,. r-n~ 3H.1000 6.3500 1.620H TOXIN 1 • OCHHATOXIIJ A 14.4000 7.2000 0. 5b5 ., TOXIN 2. PENICILLIC ACID 15.1000 7.5500 0.0707 TOXIN 3. BOTH 8.6000 4.3000 0.282~ 

TREAT 2. 1. 0 UG 'f·H, 4b.l000 7.6833 1.4662 TOXIN 1 • OCHRATOXIN A 15.2000 7,.6000 o. 2 8 2 o· TOXIN 2. PENICILLIC ACID 18.7000 9,.3500 0.,0707 fOX!N 3., BUTH 12.2000 6.1000 U.282tj 
TPEAT 3. 10. UG'Ml, 48.1000 8.0167 0.4665 lOX IN 1 • nCHHATOXltJ A 14.9000 7,.4500 0.0707 TOXIN ;.. Pr;NICILLlC ACID 1&.8000 8.4000 0.2B2H TOXIN 3. BUTH 16.4000 8.2000 o.oooo 
TREAT 4. 100 UG 'HI.~ 39.7000 6 .·616 7 0.6616 TOXTN 1. OCHRATOXIN A 12.bOUU 6.3000 0.4243 TOXIN 2. Pt:NICILLIC ACID 14.8()00 7.4000 0.1414 TOXIN 3. BOTH 12.3000 6.1500 0,353b 

0 

to 

G3 
~ 
~ 
0 
0 

~ 

\..0 
N 



TIME 2. 
TRf.:A T o. 

TOXIN 1 • 
TOXIN 2. 
TOXIN 3. 

TRr:AT 1 • 
TOXIN 1 • 
lOX TN 2. 
TOXI r4 3. 

2. TREAT 
TOXIN 1 • 
TOXIN 2. 
'l'DXIN 3. 

TREAT 3. 
10XIN 1 • 
TOXIN 2. 
TOXIN 3. 

TRt:AT 4. 
TOXIN 1 • 
TOXIN 2. 
TOXIN 3. 

0 

12 HnUHS 198.2000 
t:o TR~~ATr1ENT o.oooo 
OCHRATOXIN A o.oooo 
PENJCILLlC ACID o.oooo 
BOTH o.oooo 
0.1 UG'HJ.J 46.3000 
OCHHJ\TOXIN A 15.8000 
P E l'J 1 C I L J., I C i\ C I D 14.4000 
BUTH 1o.looo 
1 • 0 u G ' r-.u J 52.2000 
OCHHATOXIN A 1b.4000 
PEr~ICILLIC ACID 18.4000 
ROTH 17.4000 

10. tJG'ML 53.2000 
OCHHATOXlN A 15.9000 
PENJ.Cil,LtC ACID 18.HOOO 
noTH 18.5000 

100 UG '~1L 46.5000 
OCHRA.TOXLN A 14.0000 
PEiJICILLIC ACID 13.3000 
BOTH 19.200() 

6.6067 3.4729 o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.oooo o.ooou 
7.7167 0.479:l 
7.9000 o.oooo 
7.2000 0.5657 
8,.0500 0.0701 

8.7000 0.4858 
8.2000 0.1414 
9.2000 o.282ti 
8.7000 0.2b2ij 

8.8667 o.7oot 
7.9500 o.495u 
9,.4000 0.1414 
9.2500 0,.0707 

7.7500 1.4543 
7.0000 0.4243 
6.6500 o.o1o·1 
9.6000 o.oooo 

tr1 

~ 
~ 
~ 
0 
0 

~ 

1..0 
w 



94 

Program For BMDP2V 

PPOGRAM CONTROL INfORMATION 

I p R 0 B L ~ r~1 T I 'f L E 1 S ' H E P E ATE D t·1 t: AS U HE S ' , 
/INPUT VA~IABLES AR~ U. 

f'TL~: IS 'OPPESA.UA.T'. 
fORMAT IS '(1X,Jfl.0,2(1X,f3,1),3(1X 1 F2.1)) 

1 v A R 1 A B L E N A HE s A R E J r~ , o n , P c , v , i·i , x , Y , z. • 
I 0 E S 1 G N D f~ PEN D F; N 'f A H r: 4 T 0 B • 

lr E: V F: L l S 5 • 
N 1\ ~1 ~: 1 S !·1ll 0 S I S • · ,.., 
GRDUPJ:-JG AR.r Lltt,oH,HC. 'ltc.£r-tT ,'ft,y:.ttJ, lim.t: 

/GROUP CODES(!) Akf. O, lr 2, 3, 4, 
fJ A f·~ E S ( 1 ) A HE C 0 wn-! , 1\ 0 r-J E T , K 0 N ~~ , T f: N , HUN DR , 
CODf·:S(2) ARE l' 2, 3. 
N A ~' f. S ( 2 ) fdU: 0 C H H A , P E: t ~ l C , l1 0 T H • 
CODF:St3) 1\Hf: 1, . 2. . 
NAMES(3) AR£ SlX,T~[LV~. 

/END 

P R 0 1-\ l 1 EM T 11' L E • • • • • • • P E P t: 1\ T I~ 0 t~ f. A SUR£ S 

N t H1 R F; P ll F V A R I A R L f S 1' 0 R 1:: AD l ti • • • • • • • • • B 
N U M f_H, P. 0 ~~ V A R 1 A r) 1_, f<.: S A ~)Dr-: D B Y T R A f·i SF 0 H '·\ 1' T 1 0 N S • • 0 
TflTAl, fJU~·\Bf.H OF VAHTA}\J.,I::;S •, • •• , , , •, • 8 
lJ U ~:; fn: P U F C !\ S E ~ T 0 H t: AD IN • • • • • • • • , • • 1 0 0 0 0 0 0 
CAS F: LAb E 1, I tJ t; VA R I f\ B l• r·: S • , • • • ., • • • • • • 
L I t·i ITS AN l> l·1 1 S S 1 N G VI\ L lJ ~: C H r·: C K ~; 0 BE F U H l·: 'f HANS F' U R f.\ AT I 0 r 1 S 
B TJ f, r J K S r\ R t; • • • • • • • • , • • • • , • • • • • Z E R 0 S 
I N P IJ T U N I 1' t: U ~·1 B E R 3 1 1•. l L E • • • • • • • • • 0 P R E.: S A • D A 1 
R F. i: I N D J N P 1J T U N I 1' P R I 0 R T 0 H (~ h D I U G • • D AT J\ • • • Y ~: S 
N U I·HH~ R 0 f w 0 R D S 0 f D Y r J A :"\! C S 1 0 HAG E , • • • • • • 1 5 3 6 3 
I N PUT ~- 0 lH1 AT • • • 

VARJAALfS TO BE US~D 
1 J 1\ 2 1.1 H 3 H C 1 V 5 W 
6 X 7 Y 8 Z 

DESIGN SP~CIFICATIONS 

GROUP = 
l)E:Pr.:ND = 
JJE V ~~L = 

1 
4 
5 

2 3 
s 6 7 8 

- _ _.._ -- ·- - ... - ... - - ~ .. 

V AI-{ J. AA I1r.; 
N U • tJ A 1·1 E: 

1 Jl\ 
~«eft~"'E:;~'( 

2 flB 
-to-t.IN 

3 RC "ftM~ 

C 'A T F: G 0 ~~ Y 
COIJE 

o.oooo 
1,0000() 
2. (} 0 I) 0 () 
3.00000 
4,00000 

1.00000 
2.00000 
3.00000 

t.ooooo 
2.00000 

CATEGtJRY 
N ;, f·1 ~: 

CD f~ TH 
ADi~E::T 
K li :~ f·: 
TE:·J 
H ll r·J D H 

nCHHA 
p f~ l~ J c 
·~ 0111 

SIX 
Thf:l, Vf~ 

0 



REPEATED M~ASURES 

ANALYSIS Uf VARTANCE FOR l•ST 
D E P F. N 0 ~; N T V A H I A B I .. F. - V ~4 

sur-1 OF DEGREES Or 
So~c.t' SCJUARI=:S FREE:UOT-1 

i•1FAN 3()254,.82667 1 
JA 390.47533 4 
<:JI1 513 .. 59573 2 
l<C 677,.55627 1 
J(l 370.162/.7 8 
JH 306.02707 4 (jR 6?.0.,17973 2 

1 EHPIJf.: 255 .. 16493 8 

:-\ITO 122979,.R60f17 4 
~~J 1201.31733 16 
t·i!) l47H.41U93 8 
!·lH 25h9,.13107 4 
r-~ lJ lJ 1032.49107 32 
MJl~ 11H1.,66560 16 
f·10P 237.6.,?.58'iJ 8 

2 ERP.OH 1039.13640 32 

~A~ -rc~J.\T qt3." Tox .~ 
1::C. :a \\Mt 

X Y Z 

t-1E,\N r· 
sr~ u 1\HE 

3b254.,82667 1136.,67 
97.h1H~3 3.06 

256.79787 8.05 
677.55627 21.24 

46.27V2B 1.15 
76.50677 2.40 

3tO.OB<J87 9.72 
3l.Bq562 

3 0 7 4 ·l • 9 6 5 1 7 946.79 
75.08233 2.31 

1H4.b0137 5.69 
642.2H277 1.9.,78 

32.26535 0.99 
73.~5410 2.27 290,.78237 8,.95 
32.47301 

TAIL 
PHOBABILITY 

o.oooo 
0.,0834 
0.0121 
0.0017 
0.,30S5 
0,.1360 
0.,0072 

o.oooo 
0.0213 
0.,0002 
o.oooo 
0.,5072 
0,.0234 
o.oooo 

1.0 
Ul 



1 kUN N;\t-1E 
2 1 N P lJ T r.i ED I U r~ 
3 !NPlll' F'OHMAT 
4 V A R 1 A U T J E TJ l g •t 
5 N OF CAS~:S 
6 CO~~PU TE 

R R F. A K V n \v N S 
OPRESA DA'f 
F I X f: f) ( I X , 3 F 1 • 0 , 2 ( 1 X , F 3 • 1 ) , 3 ( 1 X , F 2 , 1 ) ) 
TREATrTOXIN,T!M~,Pl,P2,P3,P4,P5 
30 
SU~=CP1+P2+P3tP4+P5)/5 

7 VALU~ LABFIJS 
B 

TR~AT (O)"CONTR (1) ONET (2) ON~ (3) T~N (4) HUNDR/ 
T 0 X I N ( 1 ) 0 C H H A ( 2 ) P E: r J I C ( 3 ) B 0 T H I 

9 
10 l:HU:AKDOWN 
11 
12 
13 

TIM[ (1) SIX (2) TW~LVE/ 
TAHLF.S:SlJH,Pl TO PS l~Y 'fH .. ~/\T,TOXIN,TI~1l~/ 
S lJ f'' , P 1 '1' D P 5 ~ Y T H F. 1\ T BY T 1 "'H·: I 
SUM,Pl TO P5 BY TREAT BY TOXIN/ 
SUM,Pl TO P5 HY TUXIN ~y TIME/ 

workspace allows tor 1990 cells and 2 dimensions for su~program break 

- .., - ., .. .., - ... .... ... ... ... - .. .... ......, ..... .. .. .., .. \... ... ... ... - .., .. ... .... ~ --

B REA t< 110t·Jt~ S 

File NUN At•tE (Creation date = 
~ ~ - ~ - - - - - - - - ~ - - - -
Criterion variable 

orok.en down by 
SUH 
TRe~AT 

3-Aug-81) 

D E S C R I P T I 0 N 0 F' 

- - - ~ - - ~ ~ ~ - - - - ~ - ~ - . - - - ... --- -- ----·--..,..------- ........ ._.- ...,. ... ... 
VariaLle 

for entire population 

TREAT 
THr~AT 
TR~:AT 
TR~~AT 
TRt:AT 

Total cases = 30 

- - ~ - - - .. -

Code Value label sum Mean Std dev 

466.4000 15.5467 4.6484 

o. CONTR 110.4200 18.4033 1.2508 
1. ONf:.:T 94.5600 15.7600 5.2842 
2. ONE 91.9600 15.3267 5.4995 
3. TI:.:N 8B.2ROO 14.7133 5.591J 
4 HUN OR 81.1800 13.5300 4.325H ... 

------- ..... - -- .. - .... ----- .. --- ... 

tU 
li 
0 
lO 
li 
OJ 
!3 
t"Ij 
0 
li 

lJj 
::0 
tij 
~ 
~ 
t:1 
0 

~ 
-::0 
ro 
tO 

CD 
Pl 
rt 
ro 
OJ 

:s: 
CD 
OJ 
en 
s:: 
li 
ro 
en 

\.0 
~ 



Variable Code V~lue label Sum Meiln Std dev 

for entire population 466.4000 15.5467 4.6484 

1' R F: J\ T 0. CUt!TR 110.4200 18.4033 1.250H 
T 1 t·1 t; 1 • SIX 54.0200 lij,0067 1.3400 
T 1 ~~~ 2. TWELV£ 56. ·1000 lB.ROOO 1.2til9 

TREAT 1 • OtJET 94.5600 15.7600 ~~ 5.:lB42 
T l ~-it~ 1 • srx 5b.l800 1H.7267 N ~ 0.3171 
T l~'E 2. Twt:LVE 3R.3AOO 12.7933 6.5805 

TREJ\1 2. O!~E q1.9600 15.3?.67 ~ ().. 5.4995 
T J ~-1 r: 1 • ::;rx 57.3HOO 19.1267 't ~ 0.95Bb 
T 1 ~1t:: 2. T~·~ELVE 34.::>80() 11.5267 ~r 5,.601~ 

TREAT 3. TEN R6.2HOO 14.7133 5.5913 
T 1 !·1E 1 • SIX 51.7400 17.2467 ~ ~ 3.7855 
T lMf.: 2. T~~ELVE 36.5400 12.1800 ~ ~ 6.6763 tJ:1 

!1j 

TREAT 4. HUN DR ?.l.lHOO 13.5300 4.325B t'Ij 

~ T l t-1 t: 1 • SIX 45.7600 15. 2~ .3 3 3.1119 ~ 
Tl r-:~~ 2. T~'lEIJVE 35.4200 11.8067 5.3092 0 

0 

21B2.0000 72.7333 21.71b1 ~ 

TRF.AT o. CUiJTR sou.oooo 84.6&67 4.966b T l'·~E 1 • SlX 2 4 7. 0 (i 0 0 82.3333 

~ 
5.1316 T I r-1t: 2 T~oJ!!:LVE 261.0000 H7.,0000 4.358Y • 

TREAT 1 • ONE'l' 454.0000 75.6667 25.9743 T I!-'~~ 1 • SIX 271.0000 90.3333 1.57.75 TIHE 2. T~..JF-~LVE 183.0000 61.0000 32.233~ 

TREAT 2. UNF-: 428.0000 71.3333 25.413\) T 1 f·iF; 1 • SlX 269.0000 89.6667 4.1633 T ir-\E 2. Tt-JF-~LVE 159.0000 53.,0000 24,.2693 
TKEAT 3. TEN 413,.0000 68.8333 26.4909 T I t·H'~ 1. SlX 242.0000 80.6667 18,9297 Tlr,u.:: 2. T\-JELVE 171.0000 57.0000 31,2410 
fREP.T 4. 0 HUNDR 379.0000 b3.1b67 19.600:! \0 T I !·H:: 1 • SIX 218.00()0 72,6667 12.5033 ...J T 1 ~·1~ 2. TV-1ELVE 1.61.0000 53.6667 23.0940 



Vdrlable Code Value label Sum Mean Std dev 
ror entire population 14.9000 0.4967 0.3090 

TRE1\T o. cnriTR s.sooo 0.9167 0.2858 TI ~·'f.: 1 • SIX 3.4000 1.1333 0.1~2~ T I r-1F.; 2. T W~~LVt: 2. 10 o.o 0.7000 

~ 
0.2000 

TRr:AT 1. ONET 2.9000 0.4833 0.0983 T I~~ t: 1 • SIX 1.bOOO 0.5333 ) 0.0577 .Tl~·1E 2. TWELVE 1.3000 0.4333 0.1155 
TREAT 2. 0 fi F. 1.~000 0.3000 ~ o.l2b5 TIt~~<: 1. SIX 0.9000 0.3000 

~ 
0.2000 T l~H·: 2. TwF:LVE o.~ooo 0.3000 o.oooo 

TREt'\ T 3. TEN 1.8000 0.3000 ~ 
o.209B T l r.u·; 1 • SIX 1.1000 0.3b67 ~ 0.305~ T Ir·H·; 2. TWEIJVE 0.7000 0.2333 0.0577 tp 

TRI::AT 4. illH~DR 2.9000 0.4833 0.3125 ~ 'f 1 ~~ f-~ 1 • SIX 1.4000 0.4667 0.4163 ~ 
~ T U·l~~ 2. ·n·JELVE: 1.5000 o.soou 0.2646 a 

--..... ___ 
. --- .,.._.- -· .. . .. ---------........... _ 

0 for entire population 125.0000 4.1667 2.877'd 
~ 

TRt:AT o. CONTR 33.0000 s.sooo 
~ 2.4290 T lHf~ 1. SIX lH.OOOO 6.0000 2.64511 T li·tt. 2. T~ll'.:LV~ 15.0000 s.oooo 2.645~ 

TREAT 1 • ONET 15.0000 2.5000 .3 
1.3784 0 

t T 1 r.~ r~ 1 • SIX H .. oooo 2.6b67 2.081., T I r~ ~~ 2. TWELVE 7.0000 2.3333 0.5774 
TREAT 2. [HH•~ 29.0000 4.8333 

f 2.4833 Tli-1E 1 • SIX lb.OOOO 5.3333 0.5774 TinE 2. T~·Jr~LVE 13.0000 4.33.33 3.785Y 
l'PEAT 3. Tt:N 25.0000 4.16(>7 4.1191 Tl1·1E 1 tt SIX 15.0000 s.oooo 4.0000 Tlr·,E 2. r~·n:Lv~~ 10.0000 3,.3333 4.932~ 
TRt:J\1' 4. HIJNDR 23.0000 3.8333 3.311o Tin F.: 1 • SIX 9.0000 3.00()0 3.6056 \.0 T lr·iE 2. TtJl~:LVE 14.0000 4.6667 3.511~ co 



Variable Code Value label Sum Mean Std dev 
for entire population 8.1000 0.,2700 o.31b4 

" 
TH~:AT o·. CONTR 3.6000 0.6000 0.,2B28 T I~n~ 1 • SIX 1.,70()0 0.,5667 o.3~1!l T l~,E 2. Tw£::LVE 1.9000 0.6333 

~ 
0.3055 

rRt:1\T 1 • ONET 0.9000 0.1500 0.2510 TinE 1 • SIX 0.,3000 0.1000 

~ 
0.,173~ 

T l~i~ 2. TWF~LVF~ O.t>OOO 0.,2000 0.3464 

TREAT 2. ONE: 1.0000 0.1667 o.3;t04 
T 1 ~·1 f~ 1 • SlX 1.0000 0.,3333 ~ o.4lbj 
T l i·iE 2. T~~C:LVE o.oooo o.oooo t o.oooo 

TREAT 3. Tf·:N l.bOOO 0.,2667 0.,3011 
Tl t.1E 1 • SIX 0.6000 0.2000 0.2000 T I r.u:; 2. 'f\..Jr~l,VE 1 .oooo 0.,3333 0.4163 td 

~ 
TREAT 4. HUN DR 1.0000 0.,1667 0.265~ tzj 

:J::J T lt-1~ 1 • SIX 0.40()0 0.,1333 o.230<J ~ T Ir-a:: 2. T..-J[IJVE 0.6000 0.2000 0.346il t:1 
0 

for entire population 2.0000 0.,0667 0.253'1 ~· 

fRr:AT 0 CO!JTR 2.,tJOUO o.3333 0.5164 • T I ~1 f: 1 • SIX o.oooo 0 • 0 0 I)() o.oooo 
TIt·~ t: 2. T~·JELVr; 2.0000 0.6bb7 0.5774 

THl'.:AT 1 • OIJP.T o.oooo o.ouoo ~ o.oooo T 1 ~,E 1 • SIX o.oooo o.oooo o.oooo T l!•1t; 2. Twr~LVE o.oooo o.oooo o.oooo 
TREJ\T 2. OrH~ o.oooo o.oooo f 0.,0000 T I r·~E 1 • SIX o.oooo o.oooo o.oooo TliiE 2. T\·i r:LVE: o.onuo o.oooo ~ o.oooo 
TRt:AT 3. Tl~N o.oooo 0,.0000 ~ o.oooo Tint: 1 • SIX o.oooo o.oooo o.oooo T 1 ~·~ 1·: '2. Tl~ELVE o.oooo o.oooo o.oooo 
TF.~AT 4. HUNOR o.oooo o.oooo o.oooo 

\.0 T Ii·it. 1 • SIX o.oooo o.oooo o.oooo \.0 'l'l!·~t: 2. T td~LVf~ o.oooo 0. 0 () 1) 0 o.oooo 
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BREAKDOWN 

Variable Code Value labe 1 Sun• Mean Std dev 

for entire population 466.4000 15.5467 4.6484 

TREAT o. conTR 110.·1200 1B.4033 1,2508 
TOXIN 1 • OCHHA 39.8200 19.9100 0.5233 
TOXIi~ 2. PE~llC 35.1400 17.5700 Lo 0.7212 
TOXIN 3. AO'fH 35,4b00 17.7300 

~ 
0.4384 

TREAT 1 • ONF.T 94.5600 15.7600 ~ 5.2842 
TOXIN 1 • OCflRA 24,1800 12.0900 ~ 

9.6!:>91 
TOXIN 2. PEt:lC 36.3200 1B.1600 t l. 046~ 
TOXIN 3. BOTH 34.06()0 17.0300 "'\ 1,8809 

TREAT 2. Or-JE f11.Y6UO 15.3267 
~ r 5.499~ 

TOXIN 1 • OCHHA. 2J,OBOO 11.5400 9.1641 
TOXIN 2. PEPIC 34.3200 17,1600 

~ 
3.5355 

TOX I~~ 3. BOTH 34.~(>00 17.2800 
(;\ 

3.4224 

TREAT 3. TEN 8H,28UO 14.7133 
c 5.5913 X ~ 

TOXIN 1 • nCi·IRA ?.3.5200 11.7600 ' 10.2n7t! 
TOXI.I\! 2. P~NlC 3u.4200 1~.?.100 t.: 2.276\} 

TOXIN 3. ROTH 2B,3400 14,1700 ~ 1.7961 

TREAT 4. HUfiDH Rt,lHOO 13,5300 4.325B 
TOXIN l • nCHHA 2 (J. :l8 0 0 10.1400 6,3074 
TUX It! 2. PEr!lC 33.3?.00 lh.6b00 2.H001 
1'0X l r~ 3. BOTH 27.5~00 13.7900 1.7961 

- - - - - -

Variable 

For entire population 2102.0000 72.7333 21.7461 

THEAT o. CONTR SOH.OOOO 84,6667 4.96b6 

TOXIN 1. nCHRA 180.00()0 90.0000 2.8:lB4 

TOXIN 2. Pf·~tl IC 16!). 0000 82,5000 2.1213 

TUX IN 3. BUTH 163.0()00 01.5000 
~ 

4.9491 

TREAT 1 • OJJET 454,0000 75.6o67 25.974J 

TOXIN 1 • OCHRA 113.0000 5b,5000 45.9619 

TO.X l r; 2. Pl':N I C 17~.0000 H7.500lJ 6.3640 

TOXIN 3. BOTH 16&,0000 U3.0000 9.899!) 

TREAT 2. ONE 42fJ.OOOO 71.3333 25.4139 

'fDXltJ 1 • OCHHA 110,0000 55.0000 42.4~n4 

TOXIN 2. PEr; IC 157,0000 78.5000 l 7. b .,7 7 

TOXIN 3. BOTH· 161.0000 UO,!:>O•JO 17.677'1 

TREAT 3. Tt:N 413.0000 6H.R333 26.490<:1 

TOX l ~1 1 • nCHRA 11_5. 0000 ':)7.5000 51,618H 

TOXIN ~ Pf·~H lC 16~.0000 ut.oooo 11.3131 

TOXIN 3. L'·OTH 13b.0000 6H.OOOO 12.727Y 
• 

TREAT 4. HU f·!f>R 379.0000 63.1667 19.600:l 

TOXI fJ 1 • flCHHA lOU.OOUO ~o.oooo 32.S2b'/ 

TOXI ~~ 2. PE!·!lC 1~>2.0000 7h,OUOO 12.727Y 

TOXIN 3. BOT II 127.0000 h3.5000 4. 9 4 9"1 
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Variable Code Value label sum l,iean Std dev 

for entire population 14.9000 0,4967 0,3090 

TREAT o. CONTR 5,5000 0,9167 0,2858 
TOXIN 1 • OCHHA 1,5000 0,7500 0,3536 
TOXIN 2. Pf:N I C 1. 8000 0,9000 o.2a2u 
TOXIN 3, BOTH 2,2000 1,1000 0,2b2H 

TREAT 1 • ONE'l' 2.9000 0,4833 ~ 0,0983 
TOXIN 1 • fJCHRA 0.9000 0,4500 0,2121 
TOXIN 2. PF.tl IC 1,0000 0.5000 ) 

o.oooo 
TOXIN 3. UOTH 1.oooo 0,5000 o.oooo 

TREAT 2. 0 rJ P. l.BOOO 0,3000 0,1265 
TOXI r4 1 • OCHRA 0,4000 0.2000 ~ 0,1414 
TOXIN 2. PF;I·J I C 0.8000 0,4000 

{i 
0.1414 

TOXIN 3. BOTH 0.6000 0,3000 o.oooo 

TRI::AT 3. TEH 1.8000 0,3000 ~ 0,2098 
TOXIN 1. OCHRA 0,4000 O,?.OOU 

~ 
0,1414 

TOXIN 2. Pr:N IC 0,9000 0,1\500 o.353o 
TOXIN 3. BOTH 0.5000 0,2500 0.0707 

TREAT 4. HIJNDR 2.9000 0 • 4 R013 0,3]2:, 
TOXJN 1 • OCHRA 0,4000 0,20()0 o.2fJ2H 
TOXIN 2. p ~~ill c 1.6000 O,HOOO o.oooo 
TOXltJ 3. BOTH 0. 9 0 Q,O 0,1500 0.~121 

- - .. - -- -- ..... .. -- -- .. - - . ... .. -... -- -.. -- -. -... .- - - - .. ... 
Variable Code Value lat>e 1 sum t-1e.=tn Std dev 

For entire population 125.0000 4,l.b67 2.877~ 

TREAT o. COIJTR 33,0000 5,5000 2.4290 
TOXIN 1 OCHHA 16.0000 H.oooo o.oooo 
TOXlN 2. Pr:~~ IC 7,0000 3.5000 0.7071 
TOXI·~ 3: BOTH 10,0000 s.oooo ~ 

2.B281 

TRr:A T 1 • ONF:T 15.0000 2,5000 1.3784: 
TO X 1 II 1 • OCHRA . 7.{)000 3,5000 

~ 
2.1213 

TOXlN 2 P~~N lC s.oouo 2,5000 0.7071 
TOX I !J 3: BOTH 3,0000 t.sooo 0.7071 

TP.EAT 2. ONE 29,0(10() 4,B333 ~ 2,4833 
TOXIN l • OCHHA !),0000 2.sooo ~ 3,535!> 
TOXII'! 2. PE ~J J C 13.(10l)0 o.~ooo t 0.7071 
TOXIN 3. BU'l'H 11.0000 s.~ooo 0.7071 

THt:AT 3. Tr~N 25,0000 4,1667 4,1191 
TOX I rJ J rJCflRA ?..oooo 1,0000 o.oooo 
TUXJrJ 2' P~~N lC 1B.UOOO 9,0000 o.oooo ... 
'fOXIiJ 3. fl. nTH 5,0000 2.5000 3.5355 

rrn~A 1' 4 • HIJ!H>R 23,0000 J.H333 3.311fJ 
Tll X I r~ 1 •. nCIIHA l.uouo 0,~)000 0.7071 
TUX l. f·J 2 PE!IlC 12.00\JO 6.0000 1,414/. 
TOXJtJ 3. ROTH 10.0000 5 • ()(I() 0 4.2426 • 



Variable Code Value label Sum Mean 

For entire population H.1000 0,2700 

TREAT 
TOXIN 
TOXIN 
TOXIN 

TREAT 
TOXIN 
TOXIfl 
TOXIN 

TR~AT 
TOXIN 
TOXIt; 
TOXIN 

TRf:AT 
TOXIN 
'l'O x 1 r~ 
TOXIN 

TREAT 
TOXIN 
TOXI f~ 
TOXIN 

1 • 
. 1 • 
2. 
3. 

2. 
1 • 
2. 
3, 

3. 
1 • 
2. 
3. 

4. 
1 • 
2 3: 

conTR 
OCHHA 
Pr:N IC 
BOTH 

ONET 
OCHRA 
Pt.:NIC 
BOTH 

ONE 
UCHHA 
PP~N 1 C 
BOTH 

TEN 
OCHHA 
Pf-:i,J I C 
BOTH 

HUN DR 
nCiiHI\ 
PENIC 
HU'J'H 

3.6000 
1.6000 
0,9000 
1.1000 

u.9ooo 
o.oooo 
0,6000 
0,3000 

1 .oooo 
u.oouo 
O,BOOO 
o.~ooo 

1. 600(• 
0,2000 
l.~ouu 
0,2000 

1,0000 
o.ooou 
1,0000 
0,00{)0 

0.6000 
O,f:<000 
0,4500 
o.s~oo 

0,1500 
0,0000 
0.3000 
0,1500 

0,1667 
0,0000 
0,4000 
0. 1 0 l) 0 

o./.667 
0.1000 
O,hOOO 
0,1000 

0,1b67 
(} 

1 
()()I_)() 

0,5(100 
0,0000 

102 

Std dev 

0,3164 

o.282H 
0,1411 
0,3536 
o.J~3o 

0,2510 
o.oooo 
0.4243 
0,2121 

0,3204 
o.oooo 
o.~6S1 
0.1414 

0.3011 
0,1•114 
o.~82H 
0,1414 

0, 2 6 ~' B o.uooo 
0.1414 
o.oooo ___ .. ____ .. _________ .. ______ ... 

Variable 

For entire population 

TRF-:1, T 
TOX I tJ 
TOXIN 
TOX!N 

TREAT 
TOXIU 
TOXIN 
TOXItl 

:> 

TREAT 
TOXJfl 
TOXIN 
TOXIN 

TR£f\T 
TOX I tl 
TOXIN 
TOX l tJ 

TREl\1' 
'fOX I r,J 
TOX Ill 
TUX l i~ 

u. 
1 • 
2. 
3. 

1 • 
1 • 
2, 
3. 

2, 
1 • 
2 3: 
3. 
1 • 
2. 
3. 

4. 
1 • 
2. 
3. 

CONTR 
OCHHf\ 
pr.:nic 
RUTH 

ONE'f 
OCJtHA 
Pt: ~i I C 
BUTH 

ONF: 
fiCHRA 
Pr~f'J IC 
BUTH 

TF.N 
nCHRf\ 
Pr:N IC 
HOTH 

HUI!DR 
UCiiHA 
Pl~NIC 
BOTH 

sum 
2.0000 

2,0000 
o.oooo 
1. 0000 
1,0000 

o.oooo 
o.oooo 
o.oooo 
o.oooo 
0,00()0 
o.oouo 
0. 00(t0 
0,0000 

o.oouo 
o.oooo 
o.uouo 
o.ocoo 
o.oooo 
o,uooo 
o.oovo 
o.oooo 

Mean 

0,0667 

0,3333 
0,0000 
0,5000 
0,50UU 

0,0000 
o,oono 
o,ooou 
0,0000 

0,0000 
0,0000 
o,nuoo 
o.oooo 
0,0000 
0,0000 
0,0000 
0,0()00 

o.oooo 
o,nooo 
o,oooo 
o.ouuo 

Std deV 

0.2~37 

0,5164 
o.oouo 
0,7071 
0,7071 

o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.ooon 
0,0000 
0,0000 
o.oooo 
o.oooo 
0,0000 
o.oooo 
o.oooo 
o.ooou 
0,0000 
o.oooo 
o,uouu 
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- - - - - ·- - - - - - - - .. - -· - ..... --. - - - - .. - - -
Variable Code Value label sum Mean Std dev 

For entire population 466.4000 15.5467 4,6484 

·roXIN 1 • OCHR!\ 130 .. 8800 13.0880 \1" ~ 7.0200 
TIHE 1 • SIX 90.1(}00 18.0200 \v 1,Y8R5 
TIHE 2, T~'JELVE 40.7800 H,1560 f. ~ 6.7<JOH 

TOXIN 2, PENIC 175.5200 17,5520 l,B453 
TlME 1 • SIX 94,0F;00 18,Bl60 ~ f 1,100~ 

TIHE; 2. '1'~·1 E;LVE 81.4400 16,2HBO 1,5673 

TOXIN 3. BOTH 160,0000 lt1,0000 ~·t 2.3510 
TJr--1E 1 • SIX 80,9000 lb,l800 3.2724 
'fiHE 2, T~'.iELVE 79,100() 15.~J200 1,283~ 

For entire population 2182,0000 72.7333 21.7461 

TOXIN 1 • OCHRA b18,0000 61,8000 ~ 32,825~ 

T 1 Mf: 1 • SIX 4?.9,00()0 HS,(dJOO 7.,B54Y 
TIHE 2. TwELV~: 1B9,0000 37.HOOO 

l 
3 0. 3 ., 6 0 

fOX IN 2. P~tJlC Hl1,0000 ~1.1000 9,421() 
TIME 1 • StX 438,0000 H7,6000 4. 56 0 ., 
TIHE 2, TWF.IJVE 373.0000 74.6000 ""J 8 .. 5ht~ ;s-

TOXIN 3. BOTH 753.0000 '/5,3000 ~ 11.813H 
T lt·1E 1 • SIX 380.()000 76,0000 ~ 16,077!.) 
TIM~: 2. TWELVE 373.0000 74.6000 7.3689 

For entire population 14,9000 0.4967 0.3090 

TOXJN 1 • OCJIRA 3.6000 0.3600 ~ 0,2914 
TinE 1 • SlX 1.HOOO 0,3600 Q () • 41! ., !:{ 

Tlf·IE 2. Ti--JELVE l,UOOO 0,3600 tJ O,OH94 

TOXIN 2 Pt:NlC 6.1000 o.nlOO t 0,2644 
Tlf.1E 1 : SIX 3.6ouo 0.7200 o.24YU 
TlHE 2 T\\f:LVE 2.~000 o.sooo 0.2~50 • 

TOXJN 3, BOTH 5,2000 0,5200 f 0,3425 
'f J 11 ~~ 1 • SIX 3,0000 O,bOOO 0.4123 
TIHE 2. T~aJE LVE 2.2000 0.4400 o.27YJ 
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- - - - - -- -- -.. -·- ·-- --.. -·-- .. -- - - .,. .. - - - - - "" - - - - - .. 
Variable Co tie Value label Sum Mean Std dev 

For entire population 125,0000 4.1667 2.877B 

TOXIN 1. OCPRA 31.0000 3.1000 ~ 3.14/.Y 

1' I r-1E 1 • SIX 19.0000 3,8000 3.~711 

1' I t..-tE 2. Tv-JEJ., VE 12.0000 2,4000 

~ 
3,2094 

TOXIN 2. Pf.NIC 55.0000 5,5000 2.505tl 
Tir~E 1 • SIX 27.0000 5.4000 2,8B10 
TIHE 2. Tf'lELVE 2l3.0000 5.6000 

f 
2.40H3 

TOXIN 3. Bfl'L'H 3~.0000 3,9000 2.6H54 
TIME: 1 • SIX 20,0000 4,0000 2.449~ 

TIME 2. TrJELVf!: 19.0000 3,8000 3.1937 

- - - - - - - - - - - - - - - - - - - - - - - - . 
Variable sum Mean Std dev 

For entire population 8,1000 0,2700 0,3164 

~ TOXJt-i 1 • nCHRA 1.8000 0,1800 0,3360 
'J'IHE 1 • STX 0,7()00 0,1400 ~ 0,3130 

T 1 r~~~ 2. T-.oJEl,V~: 1,1000 0.2/.00 

~ 
o.3t19<J 

TOXIN 2. PENIC 4,5000 O,t1500 o.302H 
T l t-1E 1 • SIX 1,8000 0,3600 

f 
(),29bb 

Tir-1~ 2. TtJELVF.: 2,7000 o.5400 0,.3130 

TOXIN 3. BOTH 1,8000 O.l&OO 0,2530 

TIME 1 SIX 1.5000 o.3ooo 0.3000 

TIHE 2: T~~f~LVf: 0.3000 o.ObOO o.134:l 

varlable ~urn t-1ean ~ t (J aev 
, 

For entire populatiort 2.0000 0,0667 0. 25 3-, 

TOXIN 1 • OCHRA o.oooo o.oooo ~ 
o.oooo 

trr.,l!: 1 • SIX o.onuo 0,0000 o.oooo 
'f 1 '·1E 2. T\'H~LVE 0,0000 o.oooo o.oooo 

TOXTH 2. PENIC l. onoo 0.1000 ~ o.3lb;;. 

TlME 1 • SIX 0,0000 0. OOIJ() o.oooo 
T 1 ~1E 2. TWI~:LVE l. 0000 0.2000 ~ 0. 4 4 ., /, 

~ 

TOXIN 3. ROTH 1,00()0 0,1000 x o.3t&l 
Tlr.tE 1 • STX o.oooo 0.0000 o.oooo 
T lr·1E 2. TVIELVl:: l. 0000 0.2000 0. 4 4 ., " 
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