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AsstRacr—A  study was made using
male rats to determine the possible exis-
tence of a relationship between ingested
gossypol concentration and the anemia
tvpes produced. The dietary levels were:
free gossypol, 0.088 and 0.176 per cent;
end bound gossypol, 0.055 and 0.110 per
cent. The periods of feeding were 7, 14,
21. and 28 days. High levels of free gos-
sypol resulted in hypochromic anemia in
animals fed for 28 days. The results show-
ed that the levels of hemoglobin, blood
iron and liver iron were inversely related
to the levels of free gossypol in the diet
:fm§ to the length of time the diets were

It has been reported that cottonseed
meal is the second most important
protein concentrate in the United
States in volume of production, and
the second most important source of
supplementary protein for i
feeding. Nevertheless, limitations have
been imposed on the amount of cot-
tonseed meal which can be incorporat-
ed into animal feeds. These limita-
tions are due to the presence in cot-
tonseed of a phenolic pigment, gos-
svpol, which is highly toxic to non-
ruminant animals.

This toxic substance has been shown
to accumulate in the organs of ani-
mals and its toxic effects are expres-
sed in a wide array of pathological
conditions (e.g., hemorrhagic intes-
tines, hvdrothorax, edema of pulmon-
ary tissues, congestion of splanchnic
organs, drastic weight loss and ane-
mia).

Danke and Tillman (1965) report-
ed that the ingestion of gossypol by
non-ruminant animals will induce ane-
mia, and that a high quality protein
diet supplemented with iron can al-
leviate the anemic response. Their
results suggest that gossypol may pro-
duce different anemias in the time
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interval following sustained gossypol
ingestion. One type of anemia result-
ing from an immediate and direct
effect of gossypol on the circulating
red blood corpuscles may be hemolytic
anemia. The other type of anemia
(microcytic-hypochromic)  occuring
later in time may be due to the gos-
sypol blockage of the absorption of
some erythropoietic factor such as
iron from the gastrointestinal tract or
the impairment of erythropoiesis
through the cumulative action of gos-
sypol on erythropoietic processes
elsewhere in the body.

This study was undertaken to
clarify the possible existence of a
relationship between the ingested gos-
sypol concentration and the anemia
types produced.

MATERIALS AND METHODS

Male rats (28 days of age) of the
Holtzman strain were housed indivi-
dually under uniform conditions of
light (10 hr light, 14 hr dark) and
temperature (68-72 F). Animals were
randomly divided into three diet
groups. The control diet (Diet 1)
consisted of ground commercial rat
chow. Diet 2 consisted of 90 per cent
rat chow and 10 per cent ground cot-
tonseed meats (0.088%, free gossypol,
0.055%, bound gossypol). Diet 3 con-
sisted of 80 per cent rat chow and 20
per cent ground cottonseed meats
(0.176%, free gossypol, 0.1107;, bound
gossypol) .

Each of the three diet groups was
represented by 64 animals. The ani-
mals in each major diet group were
also randomly subdivided into four
groups of 16 animals, each subgroup
corresponding to feeding intervals of
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7. 14, 21, and 28 days, respectively.
Upon termination of each feeding
interval blood was collected from
represantative animals and processed
for total red blood cell count (RBC),
hemoglobin content (Hb), percent-
age of packed cells, mean corpuscular
volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscu-
lar hemoglobin concentration
(MCHC), red czll osmotic fragility
( Swallen, 1964), and blood iron con-
centration (Natelson, 1961). Livers
were excised and stored at -20 C until
analyzed for total iron content (San-
dell, 1959).

Resuvrs

Results of blood values and liver
iron are recorded in Table 1. The
erythrocyte count of control animals
increased gradually to a maximum
count by the end of the third feeding
week. A slight decrease at the end
of the fourth feeding week is indicat-
ed. Diet 2 animals exhibited a de-
crease in erythrocyte count at the
end of the first feeding week followed
by a gradual increase through the
remaining feeding periods. An in-
crease in erythrocyte count through
two weeks of feeding is indicated by
Diet 3 animals, with a gradual decline
during the third and fourth feeding
weeks.

Hematocrit values among control
animals showed a similar trend and
support the observed increase in
erythrocyte numbers during the first
three weeks of the feeding period and
the observed leveling off thereafter.
Hematocrit values for animals on ex-
perimental d’e's generally showed an
increase after the first week on diets.
The hematocrit values of animals fed
experimental diets are significantly
lower than the control value at the
end of one week on diets. Among
Diet 2 animals this decreased hema-
tocrit value may be due to the sig-
nificantly lower erythrocyte count.

The average hemoglobin concentra-

tion of the blood among control ani-
mals was found to increase progres-
sively throughout the four week feed-
ing period, and can be accounted for,
at least during the first three weeks,
to the increase in erythrocyte num-
bers. In the fourth week of feeding,
however, the erythrocyte population
did not increase nor did the mean
corpuscular volume. Therefore, the
increase in hemoglobin during the
fourth week must be accounted for by
an increased corpuscular hemoglobin
concentration. The mean corpuscular
hemoglobin concentration is shown to
increase between the third and fourth
weeks and supports the foregoing re-
lationship. Among Diet 2 animals
the average hemoglobin concentration
of the blood exhibited a progressive
increase throughout the four week
feeding period. The average hemo-
globin concentration of Diet 2 ani-
mals at one week on diet remained
within normal ranges although the
erythrocyte porulation was signifi-
cantly decreased. This is accounted
to the increase in mean corpuscular
volume and mean corpuscular hemo-
globin at this feeding period. Hemo-
globin content of animals on Diet 3
showed a similar trend through the
first 14 days on diet and then de-
creased rapidly at 21 and 28 days on
diet. A decrease in mean corpuscular
hemoglobin and mean corpuscular
hemoglobin concentration is also
shown among Diet 3 animals at the
end of the fourth feeding period.

Mean corpuscular volume among
control animals remained stable
through the four feeding periods while
it gradually decreased among Diet 2
animals. Diet 3 animals
through the first two feeding penods,
the mean corpuscular volume remain-
ed stable and gradually increased to
a maximum at the end of the fourth
feeding period.

Generally after the first feeding
reriod, erythrocytes in all diet groups
displayed a decreased resistance to
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hypotonic solutions. At the first, third
and fourth feeding periods Diet 2
animals were significantly less re-
sistant to hypotonic lysis, Diet 3 an-
imals exhibited significantly less re-
sistance at the third and fourth feed-
ing periods.

Mean blood and liver iron were
significantly decreased at the first,
third and fourth feeding periods
among Diet 3 animals while these
values were significantly decreased
among Diet 2 animals at the end of
the first feeding period.

Discussion

Menaul (1923) determined that
gossypol exerts a hemolytic effect on
ery . The presence of a lower
erythrocyte count among animals
maintained on Diet 2 for seven days
suggests the presence of some hemo-
lytic action by gossypol. However, the
absence of significantly lower erythro-
cyte counts at longer feeding periods
on Diet 2, and the absence of this
condition among animals fed the high-
er levels of free gossypol in Diet 3
indicate that this effect was not per-
sistent throughout the investigation.
Although the animals were in their
rapidly growing phase throughout
most of this study, it appears that
the rations contained adequate pro-
tein to compensate for the deleterious
effect of gossypol on erythrocyte he-
molysis. The increased corpuscular
volume at seven days on diet for an-
imals that ingested Diet 2 indicates
a higher proportion of younger ery-
throcytes. This effect would support
a4 compensatory response to a hemo-
Ivtic agent.

Erythrocytes from animals fed Diet
3 for 28 days were hypochromic which
is indicative of an iron deficiency that
could result from inadequate absorp-
tion of iron, a i in dietary
iron or an excessive demand for iron.
The blood and liver iron levels
among these animals at this feeding
were significantly lower. This would

support the finding that the iron
stores were inadequate to maintain
adequate hemoglobin synthesis. It has
been known for years that soluble
iron salts inactivate free gossypol in
the diet (Gallup, 1928). It has been
suggested that the iron forms an in-
soluble gossypol-iron complex in the
intestinal tract that is not absorbed.
Shieh et al. (1968) have suggested
in their chelation studies the forma-
tion of a 1 to 2 molar ratio of gossypol
to ferrous ions. The lower blood and
liver iron values exhibited among
Diet 3 animals after 28 days on diet
indicate the possibility that the free
gossypol in the diet chelated with
iron in the intestinal tract and caused
a reduction in iron absorption.

The increased fragility of erythro-
cytes among animals fed experimental
diets for 21 and 28 days provides evi-
dence of spherocytosis and/or abnor-
malities in the shape of the erythro-
cytes. When an erythrocyte is placed
in a hypoton’e solution it will become
increasingly spherical in shape and
eventually lyse. Spherocytes (cells
that are initially spherical) would
expand very little before the cell
membrane is stretched and lysis oc-
curs. Thus, spherocytes would have
less resistance than normal cells to
hypotonic solutions. It has been de-
termined that scherocytes possess a
basic intracellular defect in phos-
phorylation and consequently are less
able to maintain their integrity than
normal cells (Motulsky et al, 1955).
Since gossypol is lipophilic and may
penefra‘e the erythrocyte membrane
by diffusion, it may induce an ab-
normal czll shape through the dis-
ruption of some aspect of erythrocyte
metabolism (Abou-Donia and Lyman,
1969).

It Is al=o possible (hat the decreased
res slance to lysis of erythrocytes
amcng exrerimental animals may be
due to a d'rect effect of gessyrol on
the erythrocyte stroma. The lirophilic
gossyrol may change the integrity of
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the cell membrane and decrease the
resistance of the ervthrocytes to hy-
potonic solutions.
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