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ABSTRACT

Some pathological changes.acc ompanying
raw lima Gean (RLB) feeding to growing rats
were investigated. Among the gross patholo-
gical observations were severe pancreatic
hypertrophy and spleen atrophy. The rela-
tve weisht of the kiver was significantly
(P<0.05) decreased while the kidney
weight was significandly (P<0.05) increas
ed. The relative weisht of the neart was
unaffected At necropsy, the small intestine
of rats fed 40% RLB anc avove were dilated
and filled with lightyellow gassy liquid.

Histopathdog’cally, ivers of rats fed
40% RLB and above showed focuses of
coaguhative necrosis and marked congestion
of hepatic sinusoids and centrolobular
veins. The spleen showed marked depletion
of lymphoid follicles and medullary’ sinu-
soids. There was evidence of marked conges
tion of renal blood vessels in the high
RLB diets. No lesions were observed in the
heart tissues.

The morphdogy of the intestinal apical
microvilli were generally disupted. They
appeared stunted and fragmented especially
in the rats fed 40% RLB and above.
Mononuclei cell infilterate characterized the
lamina propria of the small gpd large inte-
stinal microvilli. No microvilli abnormalities
were detected in rats fed 100% cooked lima
bean {control) diet.

*Present address: Departinent of Animal Production & Hedh,
Technology, Federal Unwersity of Technology,

INTRODUCTION

It has long been recognized that the
nutritive value and protein digestibili-
ty of edible species of some common
legumes are very poor unless sy bjected
to cooking or some other form of
heat tieatment (Liener and Kakade,
1969). Other reports (Beko, er al,
1972: Brambila et al 1978 Liencr,
1976 King er al 1980) have shown
that growing rats and chicken fed
dicts containing raw field bean (Vicia
faba L.). soya bean( Glycine max)and
kidney bean (Phaseolus vulgaris) as
the major source of protein, suffered
significant  growth retardation, pan
creatic hypertrophy and even death if
the ingestion was prolonged. These
deleterious effects have generally been
attributed to the prescnce of a
number of chemical substances such
as the trypsin inhibitors, phytohae-
magglutinins  (lectins), cyanogenic
glycosides, globulins, saponins and
tannis (Warsy and Stein, 1973; Mar-
guardt ¢/ al., 1976; Eggum, 1980;
Licner. 1980). Inspite of the nume-
rous investigations, the sciual mode of
action of most of these toxic factors
still ' remains somewhai conjectural.

However, recent studies in our
laboratory (Olochobo and Fetuga,
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Aletor and Fetuga, 1984 a & b)
s=monstrated that at least part of the
ssowth depressing effect of raw lima
~zan (RLB) feeding to the rat is
mediated via deranged. digestion and/
or absorption of some dietary nut-
sients as well as marked alteration in
‘he normal activities of several hepatic
znd extra-hepatic enzymes.

The present paper examines some
rathological aspects of RLB intoxica-
tion of growing rats in cooked lima
ean based diets.

MATERIALS AND METHODS

Management of experimental animals

Sixty weanling rats (43 — 45g) of
the Wistar strain obtained from the
pre-clinical rat coloney of the College
of Medicine, University of Ibadan
were used in this study. All rats were
divided into six groups of ten rats
each (5 males + 5 females) to give
identical mean group weights (44.11
— 44.50g). The rats were thereafter
housed in stainless steel individual
metabolic cages.

Diets:

There were six diets in all. The
composition (%) of the basal diets are
given in earlier studies (Aletor and
Fetuga, 1984 a & b). It was formulat-
ed such that cooked lina bean furni-
shed all the 6% crude protein level
on dry matter basis. This served as
the control. The other diets (2-6)
were derived from the basal by
replacing 20, 40, 60, 80 and 100%
of the cooked lima bean with the
raw bean. All diets were hand mixed
starting with the smaller ingredients
10 ensure uniform blending. Water and
“ood were available freely for the 21 -
iay experimental period.
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Pathological studies

At the end of the experiment, all
rats were stunned and killed by neck
decapitation with a surgical knife.
Their livers, pancreases, kidneys,
spleens and hearts were quickly
dissected out, freed of any adhering
fat, blotted frce of blood and the
weights recorded. Picces of tissucs
were also immediately removed from
the duodcnum, jejunum, large intes
tine and the caccum , All tissues were.

preserved in 10% buffered formol
saline.
Sections of the liver, pancreas,

kidney, spleen and heart from each
rat were fixed in Bouir’s fixative,
trimmed, embedded in paraffin, sec-
tioned at 5 — Ouand’ stained with
haematoxylm and eosin (H & E).
Intestinal, samples were similarly pre-
pared except that sections were cut at
1y thick and  stained with foluidine
blue (King ez al. 1980).

Statistical analysis:

Data on the relative organ weights
were subjected to factorial analysis
of variance and regression using the
IBM—computer SPSSH (1976 ver
sion).

RESULTS

- Relative organ weights:

The curves with their respective
prediction eqguations showing the
effects of RLB on the relative weights
of some of the organs are shown in
figures I and IL Pancrgas weight was
very significantly (P« 0.001) increased
while spleen weight was significantly
(P< 0.001) decreased by RLB. There
was significant (P < 0.05) decrease in
liver weight while kidney weight was
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significantly (P< 0.05) increased. The
heart weight was relatively unaffected
by RLB. The relative weights of the
liver, pancreas, spleen and kidney
were significantlv (P < 0.01) correla-
ted with RLB levels.

Gross pathology

At the end of the experiment, all
rats {ed 60% RLB and above were
qmorntbund. At necropsy. the small
intestine of the rats fed 40% RLB and
above were dilated and filled with
light-yellow gassy liquid. The walls of
the small intestine and caecum genera-
Hy appeared thin By far, the most
consistent pathological manifestations
of dietary RLB were severe pancrea-
tic hypertrophy and spleen atrophy
The liver was also slightly atrophied.

[listopathology

Distinct from those fed on an all-
cooked lima beai: (control) diet, the
livers of the rats fed RLB showed
focuses of coagulative necrosis. There
was also congestion of hepatic siru-
soids and the centrolobular veins
especially in rats consuming over
10% RIL.B (Plate 1).

Pancreatic arcinar hypertrophy was
a consistent feature at all levels of
RLB. There was also marked conges:
tion of renal blood vessels and capilla-
ries. ‘The spleen of rats at all levels o1
dietary RLB showed marked deple-
tion of the lymphoid follicles and
medullary  sinusoids (Plate 2). No
cardiac Iesions were observed.

There were increasing degrees of
distuption ‘of the normally uniformly
arranged  apical microwvilli of the
duodenum and jejunum with increas-
ng levels of RLB. Lesions in the
intestinal  epithelium were usually
more pronounced in both the duode-
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nal and jcjunal regions than in the
large intestine in rats fed 40% RLB
and above. In comparison with rats
fed cooked lima bean (control diet),
the microvilli of the RLB—fed rats
generally appeared stunted and frag-
mented (Plate 3). The lamina propria
of the small and large intestine were
characterized by eosinophils and lym-
phocyies. Floculent debris and mucus
were  quite  often  associated with
dismupted microvilli especially in the
large intestine and caecum.

DISCUSSION

The present report is corroborative
of earlier ones (Beko et al, 1972; King
et al.)1980) that the ingestion of raw
or improperly cooked soyabecan
(Glycine max ), field bean (Vicia faba)
and Kkidney bean (Phaseolus vulgaris)
elicit certain physiopathological chan-
ges which could result in death. In this
regard , information on limabean

(Phaseolus [lunatus)  whose protein
productivity potential is surpassed
only by .soyabcan (Luse, 1975),
remains comparatively scanty. The

high potency of the toxic chemical
substances within RLB is indicated by
the pancreatic hypertrophy and spleén
atrophy observed even at levels of 20
— 40% replacement of the cooked
bean with the raw. The abscnce of
such pathological conditions in the
cooked lima bean fed rats, suggests a
susceptibility of the causative chemi-
cal substances to thermal inactivation:
while the significant correlations
between the relative weights of the
liver. pancreas, spleen, Kidney and the
RLB teveis (figure 1), emphasizes- the
importance ot dose levels of these
chemical substances in the observance
of these changes.
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Piate 1: Photomicrograpn of the rat's liver. Left: Normal liver (A): Right: Liver shqwiy
congestion of the centrolobular vein and periportal necrosis (B). H & E stain. X 25.

Plate 2.: Photomicrograph of the rat’s spleen. Left: Normal spleen {C). Right: Spleen show-
ing depletion of the white pulp (D). H & F stain. X 25.
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Although the mechanisms of pan-
_-=atic hypertrophy still remains large-
- unclear, Khayambashi and Lyman
2366) reported that rat pancreas
.7ich had been perfused with blood
-.zsma from a rat fed trypsininhibitor
czcreted  increased  amounts  of
:-zymes. They concluded that trypsin
~hibitor might be liberatinga hor-
—one-like agent which enlarges parm-
:-eatic acinar “and hence the overall
:z2retory function.

Pathological lesions in animais
-~jected intraperitoneally (i.p) with
“dney and castor bean extracts con-
-iining lectin have been described by
Szper-Seyfriedowa (1964). Parenchy-
matous and fatty degeneration of
:ome tissues were reported. Focal
-2crosis and fatty changes have becn
-hserved (Sharon and Lis, 1972;
Ologhobo and Fetuga, 1983) in the
wer, while the kidneys and myocards
=owed distention of capillary vessels
with" numerous thrombi following
:cute Lp. toxicity of certain bean
:gelutinins  (lectins). The close
similarity of thest¢ findings with our
~resent study does not only implicate
"=z lectin component of lima bean but
=30 1mplies a high potwency cven In
.3 native form.

The marked depletion of the lymp-
- -id follicles and medullary sinusoids
-< the spleen may have been contri
s:tory to the over 50% decrease in
- = relative weight of the spleen. This
-=.dy lends support to our previous
—=3 (Ologhobo and Fetuga, 1983;
»==or and Fetuga, 1984b) in which
-: oroposed that the elevation of the
:oowity of certain hepatic and serum
-z ~:aminases following the feeding of
and ip. injection of lima bean
.- - >owpea lectin, may result from
-+ Z2ath of certain hepatic cells as

- -
—-——
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well as a loss in certain permeability
characteristics.

Liener (1976) has opined that the
lectins are important contributory
factors to the poor nutritive value of
some’ legumes particularly those
belonging to the genus, Phaseolus. In
this regard, thecy are believed to
combine with cells lining the intestinal
wall, thus causing a non-spccific
interference with thc absorption of all
nutrients. These findings coupled with
the present morphological evidence
suggest that some degree of malab-
sorption in the intenstine occurs
following RLB feeding. Additionally,
a loss in the permeability of the
intestinal epithelium is suggested since
rats feed high RLB diets accumulated
very watery, vellowish liquid in the
lumen.

The ecosinophils which characteriz-
ed the lamina propria of the small and
large intestine in the present study are
known to contain profribrinolysin
(Junqueira, 1975) which 1s believed
to play a role in kecping the blood
liquid especially when its fluidity is
Atered by pathological processes.
Howcver, whether the accumulation
of the eosinophils was a response to
the presence of lima beanlectin per se
is being investigated.

Therefore, if the full nutritional
potential of lima bean is to be realis-
ed, intensive efforts must be applied
towards the incorporation of desirable
biochemical and nutritional characte-
ristics into breeding programmes
which uptill now have tended to
cmphasize yield, pest and/or disease
resistance. The development of new
genetic stock (through selection) with
minimum levels of some or all of these
genetic stock (through selection) with
minimuri levels of some or all of these
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lima bean based toxic substances, is

highly desirable in view of the Jdistress-

ing consequences of feeding RLB to
rats, and the risk of similar toXicologi-

cal effects in animals of agr- ultural .

Importance.

ACKNOWLEDGEMENT

The technical assistance of Mr. P.I
Odili of the Department of Veterinary
Pathology, University of Ibadan 18
greatly appreciated.

REFERENCES

ALETOR, V. A. and FETUGA, B.L. (1984a).
Influence of raw and cooked lima bean
(Phaseolus lunatus) mweals or perfor-
mance, nutrient utilization and disac-
chridase activities in growing rats,

Nutr. Rept. Intern. 29(3): 571-578.

ALETOR, V.A. and FETUGA, B.L. (1984b)
Effect of graded levels of raw lima
bean Phaseolus lunatus) on some liver
enzyme activity in the rat.

Nutr. Rept. Intern. 29(3): 565—
570.

BEKO, J., CENARRUZABEITA, M.N. and
LARALD, J. (1972). Antinutritive
substances contained in seeds of field
bean (Vicia faba). Influence on protein
composition of muscular tissue of

broiler.
Rev. Nutr. Anim., 10: 232.

BRAMBILA, S., NEISHEIM, M.C. and
HILL, FW. (1978). Effect of trypsin
supplementation on the utilization by
chick of diets containing raw soya-

bean oil meal,
J. Nutr., 75: 13--20.

EGGUM, B.D. (1980) In: Martinus (Ed)),
Feeding Value, Processes and viruses,
the Hague, Boston and London, pg. 47

JUNQUEIRA, L.C. (1975), In: L.C. Jur
queira and J. Cameiro (Eds) Basic

56

Histology, Lange Medical Publication,
California, p. 227.

KHAYAMBASHI, H. and LYMAN LR. L.
(1966). Stimulation of perfused pan-
creas secretion by plasma of rats fed
soya bean trypsin inhibitor,

Fed. Proc. 25: 676678,

KING, T., PUSZTAL, A. and CLARKE,
M.W. (1980). Kidney bean (Phaseolus
vulgaris) lectin induced lesion in rats

small intestine,
J. Comp. Path., 90: 585-602.

LIENER, LE. and KAKADE, M.L. (1969),
in LE. Liener (Ed.), Constituents of
Plant Foodstuffs, Academic Press,
New York, p. 58.

LIENER, LE. (1976). Legume toxins in
relation to protein digestibility,
J. Fd. Sc., 41: 1076—-1081.

LIENER, LE. (1980). in RJ. Sumerfield and
AH. Bunting (Ed.) Advances in
Legume Science, Academic Press, New -
York, p. 157.

LUSE, R.A. (1975). In: Proceedings of the
Ist African Nutrition Congress, Role
of grain legume in tropical nutrition,
17th — 22nd March, Ibadan p. 8.

MARQUADT, RR, CAMPBELL, C. and
WARD, T. (1976). Studies with chicks
on growth depressing factors in faba

beans,
J. Nutr. 106 275-284.

OLOGHOBO, A.D. and FETUGA, B.L.
(1983). Pathological observations on
rats dosed with lima bean and cowpea
haemagglutinins, Toxicology letters,

Toxicology letters, 18: 301--306.

SHARON, N. and LIS, H. (1972). Lectins:
Cell agglutinating and sugar-specific
proteins,

Science 177: 949—959.

SZPER—SEYFRIEDOWA, H. (1964). Ex-
perimental investigation on the toxi-
city of phasin, Bull,



ALETOR and FETUGA

Zuil Sco. Amis. Sci. Lett. Secr. WARSY, S. and STEIN, M. {(1973). Trypsin
T 13=26. inhibitor of field bean, qualitas Plant,
103: 7157 — 159,



