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Effect of raw and extruded flat pea (Lathyrus sativus)
seeds in the diet on activity of enzymes and contents
of glycogen in the liver of rats

Wplyw surowych i ekstrudowanych nasion lgdZwianu siewnego (Lathyrus sativus L.)
w diecie szczuréw na aktywnos¢ enzymoéw i zawartos¢ glikogenu w watrobie

Certain legume seeds are rich in protein and could be utilized as important feed ingredients for
animals diets. However, because of the presence of toxic and antinutritional factors the benefits from such
seeds have not been fully exploited. One of the leguminous plants with high yield potential, drought
resistance and the ability to fix atmospheric nitrogen is Lathyrus sativus L. The seeds of Lathyrus
sativus are good source of protein, however deficient in tiyptophan and methionine (7).

Lathyrus seeds are extensively grown in Podlasie region of East Poland and could become a
significant component of general purpose diets for animals of any age (4). A factor which has retarded
the utilization of flat seeds as a feed crop is the problem of toxicity and of antinutritional substances
(11,12, 14, 16). It has been known that neurological and osteological symptoms can develop in both
animals and humans when Lathyrus seeds are consumed as a major proportion of the diet (1). The
causative agents for these symptoms termed as osteolathyrism and neurolathyrism are B-aminopro-
pionitrile (BAPN) and B-N-oxalyl-amino-L-alanine (BOAA). For the purpose of elimination of these
toxic substances the flat pea seeds are boiled, water extracted, autoclaved or extruded (9, 13).

There has been a great deal of work on lathyrism covering different animal species, but no
attempt has been made as yet to present the effect of Lathyrus seeds consumption on enzymatic
status of liver. The purpose of this work was to evaluate feeding value of raw and extruded flat
pea seeds supplemented to the diet on activity of some enzymes and content of glycogen in the
liver of rats.

MATERIAL AND METHODS
The studies were conducted on 30 Wistar rats divided at random into 5 groups and kept in cages, 6

specimens in each. The rats were fed for 4 weeks with the mixtures prepared basing on typical fodder
(LSM) for laboratory rats. The rats of goup I were fed control diet (LSM) without supplementation
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Tab. 1. Composition of experimental diets

Constituents (%) § gedips groups

I 11 111 v \
Wheat bran 10 10 10 10 -
Comn 15 15 15 15 -
Wheat 30 30 30 30 -
Barley 28.5 255 21.5 21.5 -
Flat pea raw - 10 20 - -
Flat pea extruded - - - 20 99
Fish meal 3 19 - - -
Skim milk powder 7 i - - E
Yeast fodder 2 155 - - -
Chalk fodder 1.3 1.3 IS 15 -
Calcium diphosphate 1.2 1.2 1.2 1.2 -
Mineral-vitamin premix LSM 1 I 1 | 1

of flat pea seeds (Tab. 1). The rats of group Il were fed a diet with 10% of ground flat pea seeds, and
of group 11 with 20% of ground flat pea seeds (Tab. 1). The rats of group IV received a fodder with
20% of extruded flat pea seeds and of group V only alone extruded flat pea seeds with 1% of Polfamix
LSM (Tab. 1). During the experiment rats were ensured free access to fodder and water. After having
finished the feeding stage of the research the rats were decapitated and then liver was immediately
perfused with 10 cm’ of physiological saline through the portal vein. Liver after excision was weighed
and homogenized in the glass Potter homogenizer in the buffer of the same pH and ionic strength as
the buffer used for enzymatic activity determinations. The homogenates were centrifuged at 13000
xg for 20 min in the cooled centrifuge. In the supernatans the activity of the following enzymes was
estimated: alkaline phosphatase AP (E.C. 3.1.3.1) (6), isocitrate dehydrogenase ICDH (E.C. 1.1.1.42)
(6). sorbitol dehydrogenase SDH (E.C. 1.1.1.14) (8), glutamate dehydrogenase GLDH (E.C. 1.4.1.2)
(15), lactate dehydrogenase LDH (E.C. 1.1.1.27) (10), y-glutamyltransferase y-GT (E.C. 2.3.2.2.) (14),
alanine aminotransferase AIAT (E.C. 2.6.1.2) (14) and aspartate aminotransferase AspAT (E.C.
2.6.1.1) (14). Activity of enzymes was expressed in international units (U ormU) and related to protein
concentrations in mg. Protein was estimated by the Folin method (3) and the content of glycogen with
anthrone method (2). The results were statisticaly analysed using Students t-test.

RESULTS AND DISCUSSION

The results of the activity of liver enzymes and glycogen content in the liver are
presented in Tables 2 and 3. A statisticaly significant increase in the activity of
Y-glutamyltransferase in the liver of rats or all experimental groups occurred (Tab. 2).
The activity of y-GT in the liver of control rats was 18.65 mU/mg of protein and in
the rats of the second group 52.67 mU/mg of protein, while in the third 96.38 mU/mg
and in the fourth and in the fifth 110.57 mU/mg and 134.52 mU/mg respectively.
Comparing the activity of y-GT in liver homogenates of control and experimental
rats from the second group (10% of raw seeds of flat pea) the increase amounted



Tab. 2. Activity of analysed enzymes in rats liver homogenates (n = 6)

| Feeding groups
Enzymes (U/mg protein) oz in ot = et
i 1 I i v v
Alkaline phosphatase (AP) U/mg protein 3.78+0.41 4.07+0.42 3.9040.40 4.66+0.44 4.38+0.39
Isocitrate dehydrogenase (ICDH)  U/mg protein 0.43+0.07* 0.36E0.07" 0.2740,05" 0.4140.08" 0.33+0.06""
Sorbitol dehydrogenase (SDH) U/mg protein 5.7310,92 6.3140.89 4.64+0.80 6.81£0.91 4.35+0.86
' Glutamate dehydrogenase (GLDH) mU/mg protein | 57.73+10.28 75.68+12.02 52.24+10.40 69.28+13.94 64.74£10.55
Lactate dehydrogenase (LDH) mU/mg protein 91.0+33.0 107.1£32.4 65.1429.3 116.2438.6 78.8429.7
g“('f‘;;“'g'“‘a"‘y"""‘"““’“’“" mU/mg protein | 18,6544 84" 526746918 9638£1026C | 1105741047 | 134.52410.55”
-(y
(’X‘I‘R‘;)“ goansgeriic mU/mg protein | 309.5429.7 277.6428.3 209.4429.2 310.2432.4 31214339
:‘;{’:’X‘f) o WA mU/mg protein 130.3+15.6 129.6+14.3 169.6424.0 155.1417.5 135.7416.8

A. B, C. D - statistically significant difference at p < 0.01
a, b - statistically significant difference at p < 0.05

“gad 1B|) PAPNIIXa PUE MBI JO 129)J9
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Tab. 3. Protein and glycogen content in the liver homogenates of rats (n = 6)

Item Feeding groups
(mg/g wet
tissue) I 11 11 1% \'
Protein 112.60+20.75 99.10£19.60 153.15£24.45 | 94.60£19.70 | 135.15+£21.35
Glycogen ! 2.40+0.25 2.30+0.29 2.50£0.27 2.80+0.31 3.80+0.83

to 2.8 times. This value increased 5.2 when 20% of raw flat pea was administered
and to 5.9 and 7.2 respectively, when 20% and 100% of extruded seed were
administered. All these values when compared with mean control value were
significant as well as differences between group II and III and between group IV
and V (Tab. 2).

The activity of isocitrate dehydrogenase (ICDH) was lower in the rats of group
IT by 16.3% and in group III by 37.2%. These lower values of activity were
statistically significant at p < 0,05 respectively. The rats of group IV fed on diet
with 20% of extruded flat pea did not show differences in the activity of ICDH
with values of control rats.The rats fed on 100% of extruded flat pea showed
again a significantly lower activity of ICDH by 23.2% in comparison to control
rats (Tab. 2).

The activity of the sorbitol dehydrogenase (SDH) in liver homogenates of the
control rats amounted to 5.75 U/mg of protein and was lower by 19% in the rats of
group II fed on 20% of ground raw flat pea seeds (Tab. 2). Rats fed on 100% of
extruded flat pea seeds showed as well lower values by 20% but both were
statistically not significant (Tab. 2). The rats from group II and IV showed a
tendency for higher values in the activity of this enzyme but without statistical
significance (Tab. 2).

The activity of glutamate dehydrogenase (GLDH) in the control group was
57.73 mU/mg of protein and in all the experimental groups 65.48 mU/mg of protein.
The differences of about 20% proved to be statistically irrelevent.

The activity of lactate dehydrogenase (LDH) amounted in the rats of control
group 91.0 mU/mg of protein and 98.1 mU/mg of protein for rats of all experimental
groups without being statistically significant (Tab. 2).

There was no statistically significant differences in the activities of the alkaline
phosphatase (AP) and of transaminases between the control and experimental
groups. The mean alkaline phosphatase activity of the control group was 3.78 U/mg
of protein and of experimental groups 4.25 U/mg of protein (Tab. 2). The mean
alanine aminotransferase (AIAT) activity in the rats of control group was 309.5
mU/mg of protein and for rats of experimental groups 299.8 mU/mg of protein. The
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mean values of aspartate aminotransferase activity of the same control and experi-
mental groups were 130.3 mU/mg and 150.0 mU/mg respectively (Tab. 2). The
glycogen content in the liver of rats from group V which were fed exclusively on
extruded flat pea seeds amounted to 3.8 mg/g of tisue and in the rats of the whole
rest groups 2.5 mg/g of tissue (Tab. 3).

The excessive consumption of flat pea seeds has long been associated in animals
and humans with the disease lathyrism. Recent studies have shown the presence of
two factors in flat pea seeds which possess neuropharmacological and pathological
action. One of these factors is the B-N-oxalyl-amino-L-alanine (BOAA) and the
other B-aminopropionitrile (BAPN) (11, 14). The mechanism of biochemical
action of B-aminopropionitrile (BAPN) occurred to be connected with specific
inhibition of lysyl oxidase, the enzyme responsible for forming of cross-connec-
tions between fibres of collagen and elastine (14).

The role of B-N-oxalyl-amino-L-alanine (BOAA) is up to now unknown, but
its causative involvement in acidosis was described (11).

The results of our observations have showed that the substances in the flat
pea seeds impact the enzymes of the liver when administered to the diet and fed
on rats for four weeks. Experimental diets supplemented with raw and extruded
flat pea seeds significantly affected the activity of y-glutamyltransferase, the
enzyme of endoplasmatic reticulum, which is known to be a very sensitive
factor of functional state of the liver. This enzyme is connected in some way
with the detoxified system of cytochrome P-450 (5). Some of the substances or
even known lathyrogens affect stimulation of this system, which was clearly
presented in our work.

At the same time the groups of rats fed on the diets supplemented with raw flat
pea seeds showed the lower activity of mitochondria isocitrate dehydrogenase,
which belongs to mitochondrial type of enzymes. The highest supplementation of
the diet with raw flat pea seeds (20%) affected significantly sorbitol dehydrogenase
which belongs to cytoplasmatic enzymes. Extrusion of flat pea seeds affected
evidently the influence of these antinutritional factors and substances on the
analysed enzymes of the liver. Activity of the isocitrate dehydrogenase was in the
range of control values when flat pea seeds were extruded before being suplemented
to the diet of experimental rats.

CONCLUSIONS

I The results of these experiments do not present harmful changes in enzymatic profile
of liver and suggest the possibility of supplementation into diet of flat pea seeds in
rats.

2. Higher supplementation of the diet with flat pea seeds then 10% should be
connected with extrusion because of affecting the enzymes of the liver in rats.
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3. The most prominent increase of y-glutamyltransferase connected with an
increased supplementation of flat pea seeds to the diets is intriguing and up to now
not clear and it needs a further study.
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STRESZCZENIE

Badania przeprowadzono na 30 szczurach rasy Wistar podzielonych losowo na piec grup po 6
sztuk. Grupa I - kontrolna otrzymywata pasze¢ standardowa, grupa Il pasz¢ z udziatem 10% surowe;j
$ruty znasion ledZwianu siewnego, 11 grupa pasze¢ z udziatem 20% surowej $ruty z nasion lgdZwianu,
za$ IV pasze z udziatem 20% ekstrudowanej $ruty z nasion lgdZwianu, a w V zastosowano jedynie
ekstrudowang Srutg ledZwianowa z 1% dodatkiem Polfamiksu LSM. Po 4 tygodniach zywienia
wszystkie szczury dekapitowano, a w homogenatach watrobowych oznaczono: zawarto$¢ biatka,
aktywnos¢ fosfatazy zasadowej (AP), dehydrogenazy izocytrynianowej (ICDH), dehydrogenazy
sorbitolowej (SDH). dehydrogenazy glutaminianowej (GLDH), dehydrogenazy mleczanowej (LDH),
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gamma-glutamylotrans-peptydazy (y-GT) oraz aminotransferazy alaninowej (AIAT) 1 asparaginiano-
wej (AspAT). Okreslono takze zawartos¢ glikogenu metoda antronowa.

Stwierdzono istotny (p < 0,01) wzrost aktywnosci gamma-glutamylotransferazy, dodatnio sko-
relowany z ilo$cia dodanej do paszy $ruty z nasion ledZwianu zaréwno surowej, jak i1 ekstrudowanej.
Aktywnos¢ y-GT wynosita Srednio: 18,65 mU/mg biatka w grupie I (koritrolna), 52,67 m U/mg biatka
w grupice 11, 96,38 mU/mg biatka w ITI, 110.57 mU/mg biatka w IV oraz 134,52 mU/mg biatka w
grupie V.

Aktywnos¢ dehydrogenazy izocytrynianowej szczuréw grupy kontrolnej wynosita srednio 0,43
U/mg biatka i obnizata si¢ w grupach zywionych Srutg ledZzwianowa. Aktywnos¢é dehydrogenazy
sorbitolowej w watrobach szczuréw wynosita Srednio 5,73 U/mg biatka dla grupy kontrolnej i ulegata
obnizeniu 0 19% w grupie Il i 0 24% w grupie V, za$ w grupie Il oraz IV byta zwigkszona okoto
10% w stosunku do grupy kontrolnej. Wszystkie stwierdzone réznice nie zostaty potwierdzone
statystycznie. Nie stwierdzono réwniez istotnych réznic w aktywnosci pozostatych enzyméw watro-
bowych.

W grupie V otrzymujacej w paszy wylacznie ekstrudowang Srut¢ ledZwianowa stwierdzono
podwyzszony poziom glikogenu (3.8 mg/g tkanki) w poréwnaniu do pozostatych grup szczuréw
(Srednia 2.5 mg/g tkanki).

Brak statystycznie istotnych zmian w aktywnosciach analizowanych enzyméw. uznawanych jako
indykatorowe dla homeostazy biochemicznej watroby, wskazuje na mozliwo$¢ stosowania nasion
led7wianu siewnego, zwlaszcza poddanych ekstruzji, jako sktadnika pasz w zywieniu zwierzat.



