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CHAPTER I 

INTRODUCTION 

The worldwide demand for protein to feed the popu­

lation is continuously increasing (1). To meet this demand, 

investigators are seeking n e w protein sources and efforts 

are in prog r e ss to improve the quality o f available 

sources (1,2). 

In 1964, The Food and Drug Administration approved 

the use of whole k e rne l cottonseed and products derived 

from cottonseed intended for human consumption with the 

specification that the free gossypol cont ent should not 

exceed 0.045 per cent by weight when in the diet at 20 % 

or less (3). Glandless cottonseed flour has a protein ef­

ficiency ratio near that of casein (4), and has been used 

for supplementation of inadequate diets in tropical and 

sub-tropical countri e s (1). It is estimate d that one -fourth 

of the cottonseed flour potentially available could satisfy 

the present serious shortage in protein in nations with 

inadequate food supply (1) . 

Cottonseed comes from a plant that is indigenous 

to protein-p oor tropical are as of Asia, Africa and Latin 

America (2). Food techologists foresee cottonseed 
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becoming a more prominent source of food protein in the 

years ahead (5). 

Although cottonseed has gre at potential as a pro­

tein source, the development of edible protein products 

from cottonseed has been limited because of the unfavor-

2 

able physiological effects of free gossypol contained in 

cottonseed protein. Adverse effects attributed to gossypol 

have included depression of appetite and body weight (6), 

diarrhea (7,8), hemolysis (9), and hypothrombinemia (10). 

Fatalities from gossypol have been noted by several in­

vestigators (6,9,11). Although other gossypol-like pig­

ments may be involved (12) gossypol appears to be the pri­

mary toxic agent. 

Improvements in oilseed processing (4,5,13), in­

creased knowledge of the inter-relationship between gos­

sypol content and protein quality (15-17), and gossypol 

inactivation research (16,18) has promoted the use of cot­

tonseed meal in non-ruminant rations in the past fifteen 

years. Nevertheless, gossypol remains a serious economic 

problem (19). Gossypol is responsible for the loss of 

revenue to the producer and the cottonseed processing 

industry because of restricted markets and increased pro-

cessing costs necessary to remove gossypol-containing 

pigmented glands from the kernel (13,14). 
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Although the toxic level of free gossypol in the 

diet has been established in important species of mono­

gastrics (16), little is known about the mechanism of 

toxicity. A decrease d feed intake and lowered daily body 

weight gain are the first clinical signs observed in 

animals receiving gossypol in their diets (17). Diets 

supplemented with 10 % raw cottonseed flour containing 

0.083% free gossypol have been shown to have an inhibiting 

effect on growth performance in rat s (17). 

Gossypol has been shown to participate in reactions 

typical of amino compounds with carbonyl and aromatic 

hydroxyl groups (20). This suggests that gossypol may 

complex with many enzymes. If such complexes rende r 

enzymes inactive, normal metaboli sm of the body might be 

greatly altered, resulting in early characteristic symptoms 

observed in monogastric animals and poultry (21). 

Tanksley reported that incubation of gossypol with 

pepsinogen (3:1 molar ratio of gossypol/pepsinogen) in 

the presence of 10% ethanol completely inhibited pepsin­

ogen activation (22). No studies have been conducted to 

determine if pepsinogen inhibition by gossypol occurs in 

vivo. The purpose of this study is to investigate the 

possibility of inhibition of the conversion of pepsinogen 

to pepsin in rats fed cottonseed flou-r with different 

levels of gossypol. 



CHAPTER II 

REVIEW OF LITERATURE 

Gossypol is a yellow pigment found in specific 

glands distributed throughout the cottonseed plant (genus 

Gossypium) and constitutes 20-40 % of the weight of the 

pigmented glands in cottonseed (23). In the late ninete­

enth century, the Polish chemist Marchlewski first isolated 

the crystalline substance (gossypol-acetic acid) from cot­

tonseed oil. He arrived at its name in recognition of its 

origin, Gossypium and chemical nature phenol (23). 

Adams et al. (23) reviewed studies on gossypol 

toxicity in several monogastric animals including rats, 

poultry, dogs, and swine. Alsberg and Schwartze (11) 

stated that the most prominent effect of gossypol poison­

ing prior to death is generally caused by circulatory 

failure with post mortem lesions showing pulmonary edema 

and an enlarged flabby heart. 

Characteristically, the first clinical sign 

observed in animals and poultry receiving dietary gossypol 

is decreased feed intake and daily weight loss which be­

comes more pronounced as the feeding period progresses 

(11, 24). 

4 
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Even though gossypol is known to complex with 

several amino acids including lysine, glutamine, ornithine, 

glycine, arginine, and o(-amino butyric acid, the binding 

site is thought to be mainly in the epsilon amino group of 

lysine in the protein (25). According to Finlay (26), 

formation of the Schif f 's base between the carbonyls of 

gossypol and the amino group of amino aci ds and protein is 

a major factor in the toxicity o f gossypol and its cumul a -

tive effects (Figure 1) . 

R R 

I 1 

Cl! 
NH 

I 
CH CH 

~ H-~ 011 
~ ..... 

HO 

Figure 1. Reaction of Gossypol with lysine as 
described by Finlay (26). 
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Tanksley (21) suggested that the depression of 

weight gain and loss of appetite are perhaps initial signs 

of altered normal metabolism by the complexing of gossypol 

with proteolytic enzyme and lowering its enzymatic 

activity. He further stated that the chemical g roups of 

gossypol which might be involved in reactions with diges­

tive enzymes and result in enzyme inhibition include 

carbonyl groups, phenolic groups, aromatic ring systems , 

aliphatic side chains, and the carbon skeleton. The car­

bonyl and phenolic groups are most likely involved in such 

reactions. 

The structural formula of gossypol was proposed by 

Adams et al. (27) and later verified by Edwards (28) . The 

structure of gossypol is 1,1',6,6',7,7'-hexahydroxy, 3,3'­

dimethyl, 5,5'-diisopropyl, 2,2'-binaphthyl, 8,8'-dicarbo­

aldehyde. Synthesis and degradation of gossypol indicated 

that it exists in three tautomeric forms, the aldehyde form 

being the most prominent (Figure 2). 

Gossypol is known to for complexes with protein. 

Clark (29) suspected the binding site to be the free amino 

groups in cottonseed meal. Baliga and Lyman (30) showed 

that a decrease of lysine a ailability from 82.9 to 48.7 % 

was due to the formation of a co plex betveen gossypol and 

purified cottonseed protein. 



Figure 2. Tautomeric forms of gossypol. (I) aldehyde 
form, (II) hemiacetal form, (III) quinoid 
form (28). 

Lyman et al. (31) showed that it is the free 

epsilon-amino group of lysine in the bovine serum albumin 

7 

that combines with gossypol. Sedimentation velocity studies 

indicated the presence of 1 to 4 different gossypol protein 

complexes. Lyman suggested that one molecule of gossypol 

probably formed a cross-link between two or more protein 

molecules. 



Jones and Waterman (32) found that when gossypol 

was added to the substrate o f casein ~nd cottonseed 

globulin, the digestion of thes e substrates by pepsin and 

trypsin was reduced by 15%. 

8 

Ferguson et al. (33) demonstrated that 250 p g of 

gossypol was required to completely inhibit the activities 

of succinic dehydrogenase and cytochrome oxidase in liver 

homogenates of mature he n s . However, whe n mature hens were 

fed gossypol until toxic symptoms developed, the liver 

cytochrome oxidase activity was not affected. Feeding 

gossypol to 8-day old chicks f or a period of six weeks 

would reduce the activity of the same enzyme in the liver 

homogenate. This indicates that feeding gossypol during 

the growing period can affect the activity of certain 

hepatic enzymes. 

Meksongsee et al. (34) studied the effects of 

gossypol on cytochrome oxidase and succinoxidase of pigs, 

rabbits, and rats. Pigs were given a diet containing 15% 

protein and approxima tely 0.4 % free gossypol until severe 

symptoms of toxicity appeared. Rabbits were given an 

adequate diet containing 15% protein and gossypol was 

administered in a saline solution intravenously in the 

ear vein until toxicity appeared. Weanling rats were fed 

a basal diet containing 10% protein and 0 .1 4% 
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gossypol-acetic acid for three to six weeks. The data 

showed that cytochrome oxidase and succinoxidase activities 

in the livers of pigs, rabbits, and rats were not 

markedly affected by gossypol, even in animals exhibiting 

severe toxicity. These investigators (34) concluded that 

the level of gossypol found in the liver of the pigs (531 

ppm) was not sufficiently high to affect the same enzymes 

studied by Ferguson (33). However, bound gossypol 

found in the liver tissue of these pigs indicated that 

interaction of gossypol and protein indeed took place. 

Braham and co-workers (18) repor ted that the 

glutamic oxaloacetic transaminase activity in the serum of 

gossypol-fed pigs was increased, but lactic dehydrogenase, 

leucine amino peptidase and aldose acti v ity were not af-

fected significantly. The increase in glutamic oxaloacetic 

transaminase activity is an indication of liver necrosis 

which has been reported as a symptom of gossypol toxicity 

( 35) . 

Among the proteolytic enzymes, pepsin and its pre-

cursor pepsinogen, is one of the most important endopeptidases 

in protein digestion of all domestic animals. The conversion 

of pepsinogen to the active form can be accomplised either 

+ by the presence of H or by pepsin itself (36). 
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Gossypol has been shown to inhibit the transforma­

tion of pepsinogen to pepsin in in vitro studies (22,30, 

37). According to these studies, gossypol, after con­

formational change, reacts with pepsinogen. This irrevers­

ible gossypol pepsinogen binding leaves pepsinogen no 

longer available for activation. Certain organic solvent s 

such as ethanol and dimethylsulfoxide can cause conforma­

tional changes in pepsinoge n. 

Wong (37) reported that the inhibition of peps inogen 

activation by gossypol was a specific reaction between 

gossypol and residues Lys 18 and Lys 358 from the two 

terminal regions of the pepsinogen either through an inter­

or intramolecular cross link a ge . The covalent linkage of 

these regions by gossypol prevented the transformation of 

pepsinogen to pepsin (Figure 3). 

The nature of gossypol reacting with native pep­

sinogen has been studied by Perlmann (38-40) who has 

shown that lysl residues of pepsinogen can be acetylated, 

succinylated, and carbamylated extensively under conditions 

in which pepsinogen is in its native statep thus creating 

the possibility of a conformational change in vivo. 



Leu-Lys-Val-Pro-Leu-Val-Arg-Lys~Ser-Leu-:1 

,·-------~---------------· Arg Asp-Lys-Leu1Gly-Asp4y§)-Il e -Leu-Asn-Gln/ 
Phe 18 

Leu-Lys-Thr-His-Lys-His-Asn-Pro-Ala-Ser-Lys 

c------------------Ile-Glu+-Ala-Pro-Phe~yr 

~p::~~::~:::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~) 
Arg 
~Ala-Asn-Asn~y§hval -G ly -Leu-Al a -Pro-Val~Al a-OH 

358 
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Figure 3. Schematic representation o f the gossypol cro s s­
linked regions of pepsinogen. The gos sypol-con­
taining peptides are enclosed in rectangular 
boxes and the two lysine r e si dues inv~lved in 
the cross-linkage are encircled. Glu denotes 
the amino acid residue which be comes the NH 2 terminal end of pepsin on activation of pep­
sinogen. The gossypol cross-linkage with 
lysine prevents this activation o f pepsinog en 
to occur (37). 



CHAPTER III 

MATERIALS AND METHODS 

a Twenty-one day old male Holtzman rats upon 

arrival were housed individually under uni form conditions 

of light (12-hr light/dark) and temperature (22~ 2°C) . 

After three days of acclimation , rats were randomly as -

signed to three groups. Two studies were carried out. 

Both studies consisted of three dietary groups. 

In each study, Group 1 (control) was fed a casein 

diet containing 0 ppm of free gossypol. Group 2 was fed 

a diet with raw defatted glandless cottonseed flour as 

the protein source. Group 3 was fed the same diet as Group 

2, in addition, gossypol-acetic acid was added to the 

diet. 

The raw defatted glandless cottonseed flour used 

for the two studies was purchased from Texas A & M Univer-

sity at two different times . The proximate analyses o f 

both lots are presented in Table 1. There were slight 

differences in the composition of the two lots of cotton-

seed flour. There was a 10-fold difference in the a mount 

of free gossypol contained in the two lots of cottonseed 

aHoltzman Co., Madison Wisconsin . 
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TABLE 1 

PROXIMATE ANALYSIS OF RAW GLANDLESS 
DEFATTED COTTONSEED FLOURa 

Contents Cottonseed Flour 

Study 1 

Moisture 9.00% 

Ash 7.43 % 

Oil 3.24 % 

Protein 55.41 % 

Fiber 0.80 % 

Free Gossypol 0.044 % 

Nitrogen Free Extract 24.12 % 

Used In 

Study 2 

9.72 % 

7.04 % 

0.55 % 

59.45 % 

0.81% 

0.0062% 

22.47 % 

aAnalyses performed at the Food Protein Research 
and Development Center, Texas A & M University, and Pope 
Testing Laboratories, Inc., Dallas, Texas. 
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flour. The amount o f gossypol-acetic acid add d to the 

third dietary group o f both studies wa s also different . 

14 

In study 1, the free gossypol content of the diet 

was 0 ppm for Group 1 (C ) , 150 ppm for Group 2 (EAl), and 

164 ppm for Group 3 (EA2) . In study 2 , Groups 1, 2, 3, 

contained 0 ppm (C B ), 21 ppm (EBl) , and 171 ppm (EB ) of 

free gossypol in their diets respectively . Since the 

content of protein and other nutrients of casein and cot­

tonseed flour were di fferent , the diets were form la ed so 

that the composition o f the three die s wa s similar . The 

dietary composition is presented in Table 2 . 11 three 

groups of rats were provided with water and feed ad libit 

Feed intake was measured daily . 

weekly. 

Body weight was measured 

After a 31-day period, the diets fed to each gro 

of rats was replaced by granulated sucrose for 48 hours . 

Sucrose was then removed and the rats were fasted for 24 

hours. The replacement of t he diet by sucrose wa s to en ­

sure that the stomach would contain minimum debris at the 

time of collection of gastric jui ce . ater vas gi en ad 

libitum during the 72 hour fastin g period . 

The surgical procedure for pyloric ligation is 

the procedure o f Shay (41) . After 24 hours of feed depri a -

tion, the rat was anesthetised with e ther . The sto ach 



I NGREDIENT 

·CASE INa 

COTTONSEED FLOURb 

SUCROSEc 

CORN OILd 

MINERALSe 

VI TAMIN Sf 

FIBERg 

GOSSYPOL- ACETIC ACIDh 

Go ssypo l in the diet (ppm) 

TABLE 2 

COMPOS ITION (%) OF DIET 

Study 1 
CA EAl EA2 CB 

( g ) 
2 3 23 

3 4 . 2 4 . 2 

5 9 . 0 5 4 . 2 5 4 . 2 59 . 0 

6 . 8 5 . 5 5 . 5 6 . 8 

4. 9 2 . 2 2 . 2 4. 9 

2 . 2 2 . 1 2 . 1 2 . 2 

4 . 1 1. 8 1. 8 4. 1 

. 0014 

0 150 164 0 

15 

S udy 2 
EBl E82 

34 . 2 34 . 2 

54 . 2 5 4. 2 

5 . 5 5 . 5 

2 . 2 2 . 2 

2 . 1 2 . 1 

1.8 1. 8 

. 015 

21 171 

aHigh Protein Casein, Teklad, Madison , Wisconsin 
b (85 % Pro tein , 1 . 2% Fat, 1 0% Mo istur e , 0 . 43 % Ash, 4. 3% NFE ) 

See Table 1 f o r proximate analys is 

cGra nulate~~gar 

dMazo l a Corn Oil , Englewoo d Cliff , . J . 

eHegs t ed Salt Mi x t ure I V 

£Vitamin Di e t For t i f ication Mixture, ICN Pharmaceu ical Inc . 

9Alp hace l Non-nutri ti ve bu lk , IC Pha r ma c eutical I nc . 

hSigma Che mical Co . , St . Louis , Mi ssour i 
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was exposed by a mid-line incision, approximately 2 . 5 em 

long below the xyphi-sternum (Figure 4) . The body of the 

stomach was brought into view by gentle traction on the 

omentum. The pylorus was raised, exerting traction to-

wards the right on the free border of the duodenal loop . 

A pyloric ligature was placed on the lower border o f the 

pylorus. The incision was closed with sutures and wound 

clips. The rat was then placed back in the cage without 

feed and water for three hours at a constant temperature 

ib 

Xyphi-stern 

2.5 em incision 

Figure 4. Diagram o f Midline Incision of the Rat 
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At the end of the three -hour period , the animal was 

anesthetized with ether and a second ligation was placed 

at the esophageal-cardia juncture (Figure 5 ). Blood was 

drawn from the h eart for determination of h rna ocri and 

hemoglobin. The stomach was then excised, rinse w h 

physiological saline solution and blotted dry wi h su g· cal 

gauze. An opening wa s made in the greater curv ure o he 

forestomach, and the gastric juice was collec ed in o a 

centrifuge tube by the way of a funnel . 

Ligateu 
.Pylorus 

Figure 5. Diagram of Pyloric -i~ation of the Rat ( 
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Analytical Procedures 

Hemoglobin was determined by the me hod of 

Drabkin ( 42) . Activity o f pepsin from h e gastric juice 

was determined according to Anson (4 3 ) . Gas ric jui ce was 

centrifuged at 3000 rpm for t e n minu es o se ar e he 

debris . Twenty~l of clear undiluted gastri jui ce, and 

0.9 8 ml o f 0 . 01 N. HCL were added to 5 m of 2% acidified 

hemoglobin solution which had been warme o 35 . 5°c in a 

constant temperature water bath . After e n minu t es , 1 0 ml 

o f 5% (w/v) tricholoracetic acid was added to terminate 

the reaction . The r esulting solution was centrifuged at 

4000 rpm for twenty minutes . To 5 ml o f the supernatant, 

10 rnl of 0 . 05 % NaOH and 3 ml o f Folin•s pheno l r eagent were 

added . Tyrosine was used as standard . The optical densit 

o f the digested hemoglobin was deter ined at 5 8 nm using 

a Perkin-Elmer 552 spectophotometer . t pical r ea ing of 

the optical density from various concentrations of yrosi e 

standard s o lution is presented in Table 3 . 

The 11 Pepsin Unit 11 used in this study is the 0 e 

defined by Anson ( 4 3) • It is the amount of enz e to 

hydrolyze 0 . 1 g hemoglobin at 35 . 5°C to for the amount of 

TCA-soluble hydrolysis products p e r inute which give s the 

same optical density with phe nol reagen t as l ole tyro -

sine . 



TABLE 3 

OPTICAL DENSITY OF TYROSI E 
STANDARD SOLUTIO 

TYROS INE O. D. 
(fM) (at 578 

0.2 0 . 056 

0.3 0 . 099 

0.4 0 . 1 2 

0.5 0 . 198 

0. 6 0 . 250 

0.7 0 . 29 

0.8 0 . 351 

0.9 0 . 05 

1.0 0 . 59 

19 

nm) 
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Statistical Analysis 

Data obtained from bot h studies on feed int ke, 

growth, feed efficiency, hemoglobin , hematrocrit, and pep­

sin activity were analyzed statistically by analysis of 

variance to determine the effect o f gossypol in he die on 

these parameters. Pearson's corre l a ion was performed on 

total free gossypol intake and pepsin ac ivi y of the ra . 



CHAPTER IV 

RESULTS AND DISCUSSIO 

The average feed intake and body weigh of he ra s 

from study 1 and s tudy 2 are presented in Tables 4 an 5 . 

All six groups of animals had similar feed in akes an bo y 

weights during the experiment 1 period . Tone an Jenson 

(17) had shown an inhibition in growth performance when rats 

were fed a diet cont aining 830 ppm of free gossypol . In 

this study, the level o f free gossypol containing i t e 

four experimental di e ts r anged from 21-171 ppm. is 

possible that at these levels , the growth of the rats is 

not affected. 

Daily feed efficiency ratios expressed as gram of 

body weight change p er gram of feed intake per day are 

shown in Tabl e 6. In all cases, feed efficiency ratios 

decreased as the rats grew older which is a normal 

phe nomenon. In study 1, the feed efficiency ratios of 

the two experimental groups are approximately the sa e 

or slightly less than the control group throug o t t e 

study. In study 2, both experi ental g roups exhibited a 

greater decrease in feed util ization during the t ird a d 

21 



a 
Group 

CA (10 ) b 

STUDY 1 EAl (10 ) 

EA
2 

(10 ) 

CB (12 ) 

STUDY 2 ·B ( 
1 

2) 

EB
2 

(12 ) 

a 
S e 4 0 

urn o r s 

c 
n - S. 

Free 
Goss ypol 
in Diet 

ppm 

0 

150 

164 

0 

21 

171 

TABLE 4 

AVERAGE FEED INTAKE OF RATS FED DIETS WITH 
DIFFERENT LEVELS OF FREE GOSSYPOL 

Average f eed intake during 

Week l Week 2 -Jeek 3 Week 4~ 

(g ) 
+ c 

105.0-14 . 91 
+ 

129 .7 -15 . 99 
+ 138. 3-15 .16 + 

234 . 4-34 . 02 

+ + + + 
109 .7-6 . 49 132 . 8-12 . 81 135 . 1-9.55 234.3-28 . 18 

+ + + + 
104.3-11. 95 149 . 8 - 64 . 68 139 .7 -15 .25 222 . 6- 23 . 08 

+ 113 . 4-14 . 20 + 134 . 5-13 . 81 + 149 . 5- 18 . 06 + 247 . 1-12 . 01 

+ + + 111 . 6-17 . 01 142 . 9-18 . 28 154 . 9-14 .45 234 . 1-21 . 25 

+ + + 
116 . 8-11 . 86 151 . 1-l . 37 163 . 0 -14 . 59 243 . 1-29 . 1 

s ·gna on 

N 
N 



TABLE 5 

AVERAGE BODY WE I GHT OF RATS FED DI ETS WI H 
DIFFERENT LEVELS OF FREE GOSSYPOL 

a Group 

CA (l O)b 

STUDY EA1 (1 0 ) 
l 

EA2(10) 

Free gossypol 
in the di et 

(ppm) 

0 

150 

164 

Initial w . inal 

(g) ( - ) 
+ 1 07 . 0 - 12 . 0 328 . 9-31 . 8 

+ 1 09 . 5-12 . 3 + 325 . 5- 8 . 5 

1 0 8 . 6- l . 9 31 3 . - 30 . 4 

23 

---------------------------------- ------ --- - ------- ----- - - -
CB ( 12) 

STUDY EB1 (12) 
2 

EB2 (12) 

a 
See p. 14 for 

b 
Number o f rats 

c + Mean - S.D. 

0 

21 

171 

diet desi g n at i on 

1 03 . 0 - 15 . 8 

+ 99 . - 16 . 2 

+ 1 0 4 . 2 - 15 . 8 

+ 3 5 . 1 -17 . 

323 . 1 - 26 . 8 

3 1 . 0- 27 . 8 



a 
Group Fr ee 

Gossypol 
in Diet 

ppm 

CA ( 10 ) b 0 

STU DY 1 E A
1 

(10 ) 150 

EA
2 

(10 ) 164 

c (12 ) 0 

ST DY 2 EBl (12 ) 21 

·B2 (1 2 ) 71 

s 14 o r es'g 

r o - s 

c 
1 n - S . 

TABLE 6 

FEED EFFICIENCY RATIO OF RATS FED DIETS WITH 
DI FFERENT LEVELS OF FREE GOSSYPOL 

Feed Effici ency Ratio durinq 

Week 1 Week 2 Week 3 Week 4~ 

gm body wt . change/lgm feed intake / day 
+ c + + + 

. 062 -. 01 . 055 -. 00 . 053 -. 00 .030- . 00 

+ . 066- . 00 
+ 

. 051-. 00 + . 052- . 00 + . 027- . 00 

+ 
. 062 -. 02 

+ 
. 05 3 - . 01 

+ 
. 044 - . 01 + . 0 29 - . 00 

+ + + + 
. 066- . 00 . 058 - . 01 . 054- . 00 . 030 - . 00 

+ + 
. 066- . 01 . 05 7- . 01 . 04 6 - . 00 . 02 5-. 00 

+ 
. 067- . 00 . 05 - . 00 

+ 
. 0 6 -. 00 . 026 - . 00 

on 
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and fourth weeks of the experime nt when t h ey we r e comp r e d 

to the control group . Howeve r, no signif ican di ffere nce 

was found in either study. 

Skutches et al. (4 5 ) r e ported that h e pr imary 

pathway of gossypol excretion is via the bi iary s s em as 

iron complexes . The iron-gossypol compl e x r esul s i n a 

reduced hematocrit thus decreasing the iron a vai able o 

synthesi s of hemoglobin . Hematocrit valu e ere 51 . 0~ 

(CA), 51.7 % (CB), 49.9 % (EAl ), 50 . 1 % (EEl), 50 . 6 ~~ (E ), 

and 50.4 % (EB2). Hemoglobin values,in g%,we r e 1 . 1 (C) , 

13.5 (CB), 14.6 (EAl), 13.5 (EBl) , 14 . 5 (EA2 ), a n d 1 , 3 

(EB2) (Table 7). No signi f ican t diff e r e nce wa s fou d be -

tween groups in both studies, sugge sting tha t e le els 

of gossypol selected for each study di d not ha e a ad e se 

effect on the blood constituents of the rats . 

The activity of pepsin in the gastric juice of e 

rats fed cottonseed flour with or withou a dditio 

of gossypol is compared with that of the co trols ( a b l e 

8). In study 1, the average pepsin units ere : 50 (C ) I 

3760 (EAl), and 3985 (EA2) · In study 2 , t e ean e s i 

units were: 6450 (CB), 5062 (EBl), and 49 0 (EB ) . h e r e 

was no significant difference a mo g t e three g r o p s i 

each study. Pearson ' s correlation bet een tota gos s y ol 

intake of each rat during the entire p eriod and t e p e psin 



a 
Group 

CA (lO)b 

EAl ( 10) 

EA
2

(l0) 

CB (12) 

(1 2 ) 

2 ( 2 ) 

eM n -

4 0 

0 ra s 

TABLE 7 

HEMATOCRIT AND HEMOGLOBIN OF RATS FED DIETS WITH 
DIFFERENT LEVELS OF FREE GOSSYPOL 

Free Gossypol 
in Diet HEMATOCRIT HEMOGLOBIN 

ppm % g% 

0 51.0-:::4.96c + 14.1-1 .5 7 

150 + 49.9-3.77 + 14.6-0.57 

164 50.6-2.51 14.5-0.97 

0 51 . 7-2 . 6 4 13 . 5-1 . 37 

21 50 . -4 . 17 13 . 5-1 .4 6 

17 50 . 4-3 . 36 14 . 3-1 . 27 

e d sign ion 



TABLE 8 

EFFECT OF GOSSYPOL ON THE PEPSIN ACTIVITY OF THE RAT 

STUDY 1 

STUDY 2 

a Group 

CA ( 7) b 

EA
1 

( 5 ) 

EA
2 

( 7 ) 

CB ( 11 ) 

B ( 12 ) 

B
2 

( 2 ) 

Free Gossypol 
in Diet 

ppm 

0 

150 

164 

0 

21 

171 

S e 4 or d'e dcs·gna on 

0 

M 

t ! • ' I' 

Pepsin Unit 

4450 ~ 693.4c 

3760 ~ 549.3 

39 85 ~ 889.1 

6450 ~ 2342 

506 2 ~ 1394 

4904 ~ 1 09 4 
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activity of each r a t i s presented in Figure 6 . The cor-

relation is r = - 0 . 3173 and it is significan 

This indicates tha t as total gossypol in ke 

was a d e crease in pepsin activity in rats . 

a = 0 . 01 . 

incre se the e 

Sku tches (4 5) r eported in 1964 ha h e i h i 

lining of the stomach was permeabl e o the lip· solu e 

gossypol . P e p s i n is secreted by the chief cells o 

stomach in the inactive form of pepsinogen . Gos ypol is 

the only known n a turally occurring inhibi or of pepsinogen 

found in food, specifically cottonseed flour pro uc s . It 

is conceivable to believe that the free gossypol pr sen 

in cottonsee d flour c a n react with pepsinogen in he s omach 

lining and inhibit the activation of pepsinogen o epsin . 

The level o f 21 p pm o f free gossypol in cot o seed 

flour di e t is considered to be within the specified ra ge 

of FDA' s sta ndard fo r human con sumption (3) . The le els of 

150 ppm, 164 ppm, an d 171 ppm of free gossypol used i this 

study are above the approved l evel of 90 ppm in he diet . 

All four leve l s o f free g o ssypol in the cottonseed flour 

used in the two stud i es have proven to have no sig ifica t 

effe ct on b o d y we i ght , feed intake, feed efficie cy, blood 

cons ti t u e nts a n d pep sin activity in rats i n com ariso o 

r a ts fed d i e t with n o fr ee gos sypo l . 

The n egati ve c orrelation between total goss pol 

take and pepsin acti v ity demonstrated a sligh t decr ease in 
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Figure 6 . Pearson's correlation between t e goss pol i take 
and pepsin activity of the rat 
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enzyme activity as the gossypol intake l eve l incre sed . 

Therefore, the inhibition o f p e p sin oge n by f ee o s y o in 

cottonseed flour, could be considered a pos s i b l e 

contributing to gossypol toxic i ty . 

c o r n 



CHAPTER V 

SUMMARY 

The present s tudy was desi g n ed to inves iga h 

effect of free gossypol i n diet s on the e sin ac i i y 

of the rat. Two studies were conduc ted u sing Hol man 

rats. Each study contai ned three groups, Group 1 (con ol ), 

Experimental group 1 (El), and Experimental g roup 2 (E2 ) . 

In study l, the level s o f f r ee gossypol in the co tonse 

flour diets were 150 ppm (EAl) and 16 ppm (E 2) . 

study 2, the levels o f fr ee gossypol in the die s we e 1 

PPm (EBl) and 171 ppm (EB2) . The e peri en al eriod for 

both studies was a 31-day feedin g p eriod . T e e perimen al 

groups in each study we r e compared to their st d 's co ol . 

All levels of free gossypo l used in this st d e r e ei her 

Within or slightly above t he FDA's reg lation . 

The parameters s e l ected for in estiga io consisted 

of feed intake, body we i ght , hemoglobin a d e atocrit 

Values and pepsin activity . statistical a a s i s erfor e 

on these parameters we r e analysis of ariance , a 

corre lation was performed between tota goss pol 

and pepsin activity . 

31 

Pearso 's 
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In general, no statistically s i gnifican di e n ee 

was found for all five parameters in bo h s u ies . ean 

values for feed intake , body weight, an eed e ic e n cy 

in the experimental groups were approx ima ely he s m as 

the control group. Although there wa s n o s atistic y 

significant difference in the mean s o f the parame e s i -

vestigated, the trend for a d e creas ing e si a t"vi y 

with an increasing total free gossypol intake may e 

indication o f subtle change of enz yme i nhibi · on . 

This is the first study to inves igate he pos­

sibility of the effect of feeding fr ee gossypol to r t on 

the activity of pepsin. Data from this s udy can o ly 

provide groundwork for re search in hi s area . Fur her 

studies are de f initely indicated to elu cidate e relation ­

ship between intake of gossypol and t h e ac i i of di es-

tive enzyme, pepsin. 
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