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The rats fed for two generations Fy/F | with 80%wheat or rye diet, were kiled in
the age of 3 mouths of F; and blood serum was Laken. The activily of cholinesterase,
ceruloplasmine, basic phosphatase and Kunilz antitrypsic activity were measured.
Blood serum protein, protein electrophoretic fractions (albumins to globulina ratio)
and cholesterol levels were estimated. No difference of ceruloplasmine, basic
phosphatase aclivities and Lolal cholesterol levels in rats fed rye or wheal was noted,
which proves no changes in the internal liver transport. However the singnificant
(p=0.001) difference in choliesterase aclivily and total protein level in blood serum
showes inhibition of protein synthesis in the liver.

INTRODUCTION

The adverse effect of rye on development and growth of livestock animals
has been determined years ago. The factors responsible for this effect are
said to include inhibitors of proteolytic enzymes, 5-n-alkylresorcinols, and
pentosans. Rye contains 50-100% more of each of these components than
wheat.

The direct and indirect action of pentosans is well documented and does
not give grounds for controversy [l, 2, 4, 17, 20, 21]. The effect of proteolytic
enzymes inhibitors is marginal, whereas that of 5-n-alkylresorcinols remains an
open issue. Wieringa [25] and Pawlik [15, 16] point to a significantly adverse
effect of alkylresorcinols contained in rye, while Fernandez et al. {6] found that
the nutritive properties of rye failed to improve after axtraction of
S-n-alkylresorcinols. Most of the relevant studies were based on analyses of
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the weight of either the body or individual organs of the experimental animals
or of the retention of the various nutrients.

Pawlik et al. [16] were the first to demonstrate, in experiments with broilers,
that an addition of ground rye to the diet causes drops in the level of albumin,
total protein, and protein of the so-called acute phase (seromucoid). The
results they obtained were suggestive of liver damage.

There are known liver disease syndromes [13, 22] which feature increases or
decreases of contents of certain blood components, or changes in enzymatic
activity. For example, increases in cholesterol level or activity of alkaline
phosphatase and of ceruloplasmin is seen as due to obstructions of hepatic
ducts; drops in the level of albumin, coagulating agents, or of cholinesterase
activity are caused by scattered necrotic foci in the liver or by chronic damage
to this organ’s parenchyma.

In this research we attempted to clarify te effect of prolonged feeding with
a diet rich in rye (70%) on selected biochemical indices in the blood of
experimental animals by determining the components whose levels are in-
dicative of the functioning of the liver.

MATERIAL AND METHODS

Our experiments were performed with two groups of outbred Wistar
rats. Following mating, the rat females were fed ad libitum with a rye (group I)
or wheat (group II) diet, making sure that throughout their pregnancy
they subsist on these experimental diets (their composition is given in Table 1).
The fertility and growth of generation F, were observed. Results of ob-
servations of the fertility of mothers, te growth of their offspring, and the
determined weights of the rats’ livers in the 70th day of life are collected in
Table 2.

Six-week-old second-generation animals (ten in each group), fed ad libitum
throughout the experiment period with the same diets were killed with
chloroform, and their blood was collected from incised carotid arteries into an
isotonic solution of sodjum citrate (1:9 solution-to-blood ratio). Blood plasma
was centrifuged off and stored in a freezer. Cholinesterase activity was
determined in the plasma by Hestrin’s method [9], ceruloplasmin activity by
the method of Rice et al. [19], and alkaline phosphatase activity according to
Richterich [22]. Cholesterol content was determined by Zlatkis’ method [26],
antitripsins activity by the method of Kunitz [14], and alkylresorcinols (ARs)
content by the method of Tluscik et al. [23]. The percentage contents of
saturated and unsaturated ARs were determined by the method of Kaczmarek
and Tluscik [10]. Paper electrophoresis of proteins was carried out on
Whatman 1 paper strips (4/1 cm of strip) in borate buffer (pH 9.0). After
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Table 1. Composilion of experimenltal diets in experiments with prologed feeding
of rals with ground wheat- and ground rye-rich

Diets Rye diel | Whaet diet

Products (g/l kg of diet)

ground rye 700 —
ground wheat - 700
casein 190 160
powdered eggs 10 60
wneat glulen 35 352
mineral salts mixture® . 35 10
soluble vitamins mixture™ 10 10
soya oil with vilamins A, D, E, K 20 20
wheat starch devoid of protein — 438

Nutrients content™
amino acids (g/100g prolein):

lys 6 6
tkreo 4 4
meth+ cys 45 4.5
protein (% of diet) 24 24
gross energy (kcal/l100 g) 400 400
mineral components according Lo rals’ needs
vitamins mixlure according to rals’ needs
alkylresorcinols (mg/kg) 798 462
unsaturated alkylresorcinols (mg/kg) 175 39

Tcalculated from the Tables

Both dicts were granulated. Mineral components were added 1o the diets according to NRC (1976); their
amounts were those used in synthetic dicts. The amounts of vitamins mixture were those used in synthetic dicts
soluble in water and fats (AOAC 1975)

electrophoresis the strips were stained with izocarmine, and after the stain was
eluted from the individual protein fractions, the albumins-to-globulins ratio
was determined. Protein was determined by the burette method according to
Goa {7] with bovine albumin as standard.

RESULTS AND DISCUSSION

It was found that the protcin-rich (24% protein) diet containing 70% of
ground rye did not lead to differences in fertility of rats and in the weight of
the young two days after birth (Table 2). Observations of the growth of
generations F; and F, showed that the rye group was adversely affected only
after the 28th day of life but that all the deficiencies were made up for later on.
The F, animals were killed after 28 days of life, and indices of their matabolism
were analysed in detail. Only trace amounts of ARs were found in livers
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Table 2. Reproduction, growth, and liver mass of rats fed with a diet rich in ground rye (70%)
and, for comparison, with a diet rich in grqund wheat (70%) for two generations

Rye diet Wheat diet
F, F, F, F,

No. of females giving birth 7 11 5 9
No. of live births 51 116 37 78
Rats dead during observalion
period (%) 13.7 6.9 37 11.5
Boby weight:

2 days after birth 64 6.7 6.3 6.5

5 days after birth 11.1 10.1 10.0 9.8

28 days after birth 66.4 64.2 76.3 69.7

70 days after birth 240 - 253 —
Liver mass after 8 weeks (per 100g
of carcass weight 349 - 3.87 —
Liver mass after 6 weeks
(% of carcass weight) n=10 5.10.52 and 50 n=10.5 o0 and 5 o 6.24

of both the rye and the wheat groups of rats, which means that these
substances do not accumulate. The AR concentration in the blood of rats fed
the rye diet was about 0.01 pn a level much below that for which Kozubek
observed blood hemolysis in vitro (0.25 pm).

Table 3. The activity of some enzymes in blood plasma of rats fed diels containing sevenly per
cent of wheat or rye (n=10)

Enzymes aclivity in blood
Enzymes serum of rats fed the Pl'Obablllly of dilTe-
rences
wheat diet rye diet
pa
Cholinesterase (1U) 143.6X23.8 98.3722.6 0.001
Ceruloplasmine (IU) 6161124 711.6%14.1 0.20 p 0.10
Alkaline phoshaphatase (IU) 58.6X79 593X11.5 09 p 0.8

1U intcrnational units, mean valucs from 10 rats
+ standard deviation

Silimar activities of ceruloplasmin, alkaline phosphatase (Table 3) and total
cholesterol (Table 4) were determined in the plasma of rats fed both the rye-
and the wheat-rich diets. The combined activity of all three of these
components indicates unimpeded transport inside the liver [22]. Although the
mean cholesterol content in both groups of animals was similar (Table 4),
there was considerable differentiation in the level of this compound in
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Table 4 Cholesterol content in the blood plasma of rats fed with 70 % wheal or rye diet

Cholesterol (mg/100ml of plasma)

rats fed with wheat diet | rats [ed with rye diet

Cholesterol *-SD 167.5 X 134 166.0 X 63.3
from to (145-185) (115-285)

individual animals of the rye group (100-280 mg/100 ml plasma); in the
animals fed the wheat-rich diet the values were much less scattered (145-185
mg). Such diveres reactions of animals to the rye diet may be due to differences
in the individual rats’ adaptation to rye components. Low cholesterol levels
may be the result of undernutrition due to poor absorption of nutrients, and
high levels may be caused by a stimulation of the thyroid gland [15]. One
cannot also preclude a varied reaction of the animals to an as yet undeter-
mined factor suppressing cholesterol biosynthesis similar to that found in
barley [3]. Better information could be obtained if free and estrified cholesterol
were determined separately.

The differences in cholinesterase activity between the compared rat groups
are highly significant (p{0.001), with the lowest activity in blood plasma of rats
fed with the ground wheat diet being equal to the highest activity in the
animals eating the diet rich in ground rye (Table 1). Such considerable
differences may indicate an inhibition of proteins synthesis by reticu-
lar-endothelial cells of liver parenchyma in rats of the rye group as well as
a retardation of this synthesis due to damage to the hepatic parenchyma in the
form of scattered necrotic foci [22]. This latter possibility is made more likely
by the fact that another indication of this syndrome — protein level in blood
plasma — is also significantly lower than in the wheat-fed group of animals
(at p = 0.005).

The two groups of animals did not differ significantly as regards the
albumin-to-globulin ratio (Table S5). Given the fact that blood plasma protein

Table 5 The protein content and albumin/globulin ratio in blood plasma of rats fed diets
with sevenly per cent of wheal or rye

Rats fed with wheat Rats fed with rye Probability
Protein
g/100 ml 76 21.8 56 205 0.005> p ) 0.001
Albumin
Globulin 1.55 * 057 1.15 X 0.46 0.10 dp > 0.05

* standard deviation (n=10)
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is synthesized mainly in the liver, this ratio could have remained unchanged
only if the observed drop in protein level were accompanied by a proportional
drop in globulins synthesis. This confirms Pawlik’s earlier findings in his
studies of broilers fed ground rye [15, 16]. This author also observed a reduced
level of the seromucoid fraction. We too observed this, determining the
antiproteolytic activity of blood plasma proteins which are among the
components of the seromucoid fraction (Table 6). The activity of trypsin
inhibitors in rats fed ground rye was significantly lower than in the animals fed
ground wheat.

Table 6. Aclivity of (rypsin inhibitor in the blood plasma of rats fed with 70%
wheat or rye diet

Mg of inhibited trypsin Probability
100 mI blood plasma
Rat fed with
wheat diet 390 £ 53.0 0.02>p>0.01
Rat fed with
rye diet 324 X550 0.02>p>0.01

+ standard deviation (n = 10)

Our studies confirm the previous findings of Pawlik [15] and Pawlik et al.
[16] indicating liver damage. The results suggest that the adverse effect of rye is
not limited to reducing the digestibility of nutrients, but also that this cereal
features components acting outside the alimentaty canal. It still remains to be
clarified whether we have to do here with an indirect action of pentosans {11,
12, 15, 16] or of some other, as yet unidentified, rye component.
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Studia nad antyodzywczymi skiadnikami ziarna Zzyta. III. Poréwnanie zmian aklywnosci en-
zymalycznej i niektérych skiadnikow osocza u szczurdéw zywionych §rula pszenna i zytnig
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Sireszczenie

Po okresie diugotrwalego zywienia szczurow diela zawierajaca 70% sruty Zytniej lub pszennej,
uzupelnionej kazeina, glutenem, jajem w proszku oraz solami mineralnymi i witaminami do
catkowitego zapotrzebowania na skladniki pokarmowe, analizowano zawarto$¢ biatka, stosunku
albumin do globulin w surowicy krwi oraz aklywnosc¢ nieklorych enzymoéw i cholesterolu. Przy
Sladowej koncentracji (0.01) pM AR w surowicy krwi) oraz w calej walrobie (nie stwierdzono
nagromadzania si¢ AR) stwierdzono znamienne slatystycznie obnizenie poziomu biatka w surowi-
cy krwi, przy braku znamiennych réznic w stosunku albumin do globulin oraz spadek aklywnosci
inhibilora trypsyny. Nie stwierdzono réznic w §redniej zawartosci cholesterolu catkowilego,
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jakkolwiek wystapit znacznie wigkszy rozrzut wynikéw u szczurdéw dietg zytniag w porownaniu
z pszenng. Ponadlo stwierdzono znamienne obnizenie (p<0,001) aktywnosci cholinoesterazy,
a podwyzszenie ceruloplazminy przy braku roznic w aktywnosci fosfatazy alkalicznej. Uzyskane
wyniki wskazuja na niekorzysine oddzialywanie wysokiego udziatu §ruly zytniej na metabolizm
miodych zwierzat. Jest kweslia olwarla, czy jest lo dzialanie poSrednie pentozandw zyla,
bezposrednie alkilorezocyn, czy lez nie rozpoznanego jeszcze czynnika wystgpujacego w Zzycie.



