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Abstract
FEDETS, O., 2015. Comparison of activities of glutathione enzymes in ceacum and liver of cattle, horse, pig,
rabbit and sheep. Bulg. J. Agric. Sci., 21: 698–702
The level of glutathione and activities of glutathione S-transferase, glutathione peroxidase and glutathione reductase in
caecum and liver of food-producing animals have been investigated and compared. The activity of glutathione S-transferase is
the highest in the liver, but that of glutathione reductase is the highest in mucosa of caecum. Pig and rabbit have significant differences of glutathione peroxidase activity in caecum and liver. The highest content of glutathione and activity of glutathione
S-transferase were in sheep liver and rabbit caecum, the lowest were in cattle. The highest glutathione peroxidase activity was
in pig liver and cattle caecum. In horse the activities of glutathione peroxidase and glutathione reductase were the lowest. The
highest glutathione reductase activity was in liver of cattle and caecum of cattle and pig.
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Abbreviations: GST – glutathione S-transferase; GPx – glutathione peroxidase; GR – glutathione reductase;
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Introduction
The importance of research on biotransformation processes in food-producing animals grows not only because of permanent exposure to industrial or agricultural contaminants
but also because of the frequent use of pharmacologically active substances. However, biotransformation in food-producing species is not only of relevance for veterinary pharmacotherapy and toxicology but also for health of man (Szotakova
et al., 2004).
It is difficult to extrapolate information derived from one
species of animal to another species. However, it is possible
to utilize one species as a model for another, based on interpolations of data for each species (Smith et al., 1984). Comparison of data from numerous laboratories is difficult because many factors influence on biotransformation including age and developmental stage, sex, species, nutritional
status and exposure to various chemicals. In addition, the
existence of multiple enzymes in each pathway with different, although, overlapping substrate specificity further
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clouds comparison of the data available in the literature
(Watkins and Klaassen, 1986).
GST catalyzes the binding of a large variety of electrophiles to the sulphydryl group of GSH. Since the reactive ultimate carcinogenic forms of chemical carcinogens are electrophiles. GST takes considerable importance as a mechanism
for carcinogen detoxication (Hayes et al., 1995). Another parameter of importance in inhibiting carcinogenesis is prevention of oxidative damage by GPx. GPx is enzyme that catalyzes the reduction of organic hydroperoxides and hydrogen
peroxide. The final product of this reaction is oxidized GSSG.
Within cells GSH is regenerated from GSSG by the reaction
catalysed by GR.
Little information is as yet available concerning the GSH
levels and GSH-dependent enzyme activities of large intestine tissues of food-producing animals. Much data are about
rat (Sharma et al., 2001; Munday et al., 2006), mouse (Guo
et al., 2002; Irons et al., 2006) and human (Stoehlmacher et
al., 2002; Skrzydlewska et al., 2005). Therefore I determined
the glutathione content and related enzyme activities in the
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animals ceacum mucosa and liver and focused my interest in
particular on the comparison of intraspecies differences.

Materials and Methods
Studies were performed on mature males 3 cattle (weight
400-450 kg), 3 horses (weight 500-550 kg), 3 pigs (weight 8090 kg), 9 rabbits (weight 2-2.5 kg) and 3 sheep (weight 50-60
kg). Animals were slaughtered according to veterinary law.
The ceacum was removed, opened longitudinally and
flushed with cold isotonic saline. The mucosa was scraped off
with a plexiglass. Liver was removed, perfused with isotonic
saline, and cut into small pieces. Samples were homogenized
in tris-HCl buffer (5 mM, pH 7.0; EDTA 5 mM; PMSF 1
mM), using a Potter-Elvehjem homogenizer, and centrifuged
at 10 000 g for 15 min at 4°C. The supernatant was taken and
used for the analysis.
The content of GSH was determined by the method of
Beutler et al. (1963). GST (EC 2.5.1.18) activity was assayed
using 1-chloro-2,4-dinitrobenzene as a substrate (Habig et
al., 1974). Working solution contained 1 mM GSH and 1 mM
CDNB in 100 mM potassium phosphate buffer (pH 6.5). GPx

(EC 1.11.1.9) activity was measured by the method of Pirie
(1965). The reaction system contained 0.5 mM GSH, 0.2 mM
H2O2, 1.5 mM NaN3 and 0.02 mM EDTA in 100 mM potassium phosphate buffer (pH 7.0). GR (EC 1.6.4.2) activity was
determined by the method of Carlberg and Mannervik (1975).
The reaction system contained 1 mM GSSG, 1 mM NADPH
and 0.5 mM EDTA in 100 mM potassium phosphate buffer
(pH 7.6). Using bovine serum albumin as standard protein,
soluble protein concentration was determined by the method
of Lowry et al. (1951).
Results are reported as mean ± SEM. Statistical analysis
was carried out using Student’s t-test. P < 0.05 was considered statistically significant.

Results and Discussion
Results obtained for enzymes activities are summarized
in Table 1. The GSH level and GST activity were significantly
higher in animals liver than in ceacum. In liver the activity
of GST in order from high to low was as follows: sheep >
rabbit > horse > pig > cattle. In ceacum GST activity was
the highest in rabbit, no significant differences were observed

Table 1
Activities of GST, GPx, GR (nmol min–1 mg–1) and content of GSH (nmol mg–1) in caecum and liver
Species
Tissue
GST
GPx
GR
21.99±2.586
17.05±1.786
69.25±4.738
Cattle
Ceacum
Р1<0.001
Р2<0.02
Р1<0.02
Р2<0.01
18.76±1.381
Liver
183.4±15.29
40.97±4.180
Р2<0.01
37.90±6.374
28.55±4.077
Horse
Ceacum
4.374±0.865
Р1<0.02
Р1<0.01

Pig

Liver

653.8±119.2

7.655±1.155

11.52±1.776

Ceacum

17.25±4.928
Р1<0.01

6.606±1.675
Р1<0.001

69.29±8.040
Р1<0.01
Р2<0.02

GSH
ND
34.20±4.031
9.184±0.927
Р1<0.001
53.60±2.404
Р2<0.02
9.857±0.812
Р1<0.001

480.7±70.78
69.10±2.065
26.51±4.202
72.52±2.116
Р2<0.02
Р2<0.001
127.4±9.597
8.883±0.945
23.06±2.053
Р1<0.001
Р1<0.001
Rabbit
Ceacum
Р1<0.001
27.45±2.073
Р2<0.001
Р2<0.001
1110±72.01
21.80±2.087
Liver
42.07±3.885
66.76±8.475
Р2<0.01
Р2<0.01
1965±243
33.50±2.275
134.0±12.11
Sheep
Liver
33.99±1.394
Р2<0.01
Р2<0.001
Р2<0.01
Р1 – comparison to liver; Р2 – comparison to another animal’s species (from high to low); ND - not determined
Liver
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between another animals species. In liver the level of GSH
was the highest in sheep and it was the lowest in cattle. In
ceacum of rabbit the GSH level was more 2 times higher than
in horse and pig.
The GPx activity was significantly higher in liver of rabbit
and pig than in their ceacum. The lowest data were in both
organs of horse. In liver the activity of GPx in order from
high to low was as follows: pig > rabbit > sheep > cattle >
horse. In ceacum GPx activity was the highest in cattle. The
differences were significant by comparison to another animals species.
The GR activity was higher in animals caecum than in
liver. The differences were significant in cattle, pig and horse
but not in rabbit. The enzyme activity was similar in caecum
of cattle and pig. In rabbit and horse it was 2-3 times lower. In
liver the data in order from high to low were as follows: cattle
> sheep > pig > rabbit > horse. The significant difference was
between rabbit and horse.
The mammalian small intestine serves principally as the
site for absorption of nutrients, water, and both beneficial and
potentially harmful xenobiotics. However, it has become apparent that an array of metabolic machinery is also expressed
in this organ (Kaminsky and Zhang, 2003). In humans, approximately 6 to 12 liters of partially digested foodstuffs,
water, and secretions are delivered daily to the small intestine. Of this, only 10 to 20% are passed on to the colon, because most nutrients, electrolytes, and water are absorbed as
they are transported through the small intestine (Lin et al.,
1999). In large intestines the activities of glutathione-dependent enzymes are lower than in small intestines (Peters et al.,
1991). A lower detoxication capacity could contribute to an
enhanced cancer risk (Berkhout et al., 2006). For example, a
low GST enzyme activity is present in the colon as compared
with the small intestine, whereas the cancer incidence in the
colon is much higher as compared with that in small intestine
(Peters et al., 1991). Although several authors have proposed
this relationship, very few data exist to support it (Kaminsky
and Zhang, 2003).
The nature of diet is a major factor regulating the enteric
biotransformation pattern (Virkel et al., 2009). The intestinal
and colonic epithelium is repeatedly exposed to metabolites
and xenobiotics derived from dietary constituents and bacterial metabolism. Products of digestion or drugs taken orally
can be removed from the lumen by the intestinal villus cells
and both villus and crypt cells are potential sites for absorption of metabolites present in arterial blood (Pinkus et al.,
1977). Also extracellular mechanism for detoxication is very
effective to protect epithelial cells (Samiec et al., 2000).
Very few studies, however, have been devoted to assessing
the ability of domestic animals to handle xenobiotics. Such
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information will make possible the appreciation of potential
species differences in bioactivation, and would facilitate the
extrapolation of metabolic and toxicological data from one
species to another, and thus allow the rationale extension of
medicines originally licensed in a major species, for use in minor or exotic food-producing species. Furthermore, this information would facilitate the risk assessment of drug and other
chemical residues in edible tissues and milk that reach the
consumer (Sivapathasundaram et al., 2003). The relative lack
of drugs specifically registered for animal species commonly
results in the extra-label use of medicinal products already
authorised for other major species (Gusson et al., 2006).
GSH, GST and GPx were higher in food-producing animals liver than in ceacum. The cytosolic GST activity in
intestine of rat was also significantly lower than in liver (Tahir et al., 1985). The response of GST to substrates is different in the liver and intestinal mucosa. This discrepancy can
be explained since the liver and intestine are not exposed to
the same metabolites of substrates. Indeed, the liver receives
both native and metabolised substrates via the blood stream
while the intestinal cells are directly in contact with the conjugates and bacterial metabolites on one side and with the
metabolites in the blood (Lhoste et al., 2003).
The low activity of GST in cattle is in agreement with
another report. Gusson et al. (2006) demonstrated that the
activity of cytosolic GST was significantly higher in liver of
rabbits, horses and pigs than in rat, broiler chicks and cattle.
Most notably, cattle preparations were characterized by very
low activities ranging from about one third to one fifteenth
of those recorded in the other food-producing species. These
results confirm and extend the adage that sheep are not little
cows (Watkins et al., 1987). But according to Watkins and
Klaassen (1986) hepatic GST activity in cattle and sheep was
similar and had about 50% as pig.
GST activities were no significant difference between
pig on the one hand and ruminants (goat, sheep, cattle) on
the other. On the contrary, the zoologically closest species –
sheep and goat – were mostly distant species from the point
of view of in vitro activity of biotransformation enzyme
(Szotakova et al., 2004). But GPx activity was the highest in
ceacum of cattle.
During GPx-mediated detoxication of peroxides GSSG
is formed. The cellular GSH pool can be regenerated from
GSSG via the NADPH-dependent enzyme GR (Pompella et
al., 2003). The oxidation and reduction of GSH through GPx
and GR is important for determining the redox state of GSH
and of NADP, and also for controlling the degradation of hydroperoxides. It has been demonstrated direct correlation between increased activities of rat GR and weaning on to highcarbohydrate diets. Significant increases in glycolytic activ-
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ity in intestinal mucosa may be related to the pronounced
increase in activities of GR (States and Segal, 1973). This can
cause high GR activity in caecum.
The activity of GST was significantly lower in cattle and
deer than in rat. Moreover, the levels of glutathione were
markedly lower in the domestic animals compared with the
rat. Similarly, GR, the enzyme that maintains glutathione
in the reduced state, was markedly lower in the bovine and
cervine livers compared with the rat. These observations
would suggest that cattle and deer, similar to the human, but
contrary to the rat, favour detoxication of epoxides through
hydrolysis rather than through glutathione conjugation. In
this way, their limited amounts of glutathione are protected.
The metabolic and toxicological data may be extrapolated
from cattle to deer and vice versa, but not from the rat to the
two ruminants (Sivapathasundaram et al., 2003).
In conclusion, major differences were observed between
the tested animals. Being aware of the fact that a number
of factors including age, sex, diet, the exposures to drugs
and environmental pollutants, as well as the occurrence of
genetic polymorphisms, may modulate activity of enzymes
(Gusson et al., 2006), the investigations should be carried out
on all animal species. Extrapolation of data obtained in one
species to another (even related one) species could be misleading (Szotakova et al., 2004).

References
Berkhout, M., P. Friederich, J. H. J. M. Van Krieken, W. H. M.
Peters and F. M. Nagengast, 2006. Low detoxification capacity in the ileal pouch mucosa of patients with ulcerative colitis.
Inflammatory Bowel Diseases, 12: 112-116.
Beutler, E., O. Duron and B. M. Kelly, 1963. Improved method
for the determination of blood glutathione. Journal of Laboratory and Clinical Medicine, 61: 882-888.
Carlber, G. I. and B. Mannervik, 1975. Purification and characterization of the flavoenzyme glutathione reductase from rat
liver. Journal of Biological Chemistry, 250: 5475-5480.
Guo, J., A. Pal, S. K. Srivastava, J. L. Orchard and S. V. Singh,
2002. Differential expression of glutathione S-transferase
isoenzymes in murine small intestine and colon. Comparative
Biochemistry and Physiology, 131: 443-452.
Gusson, F., M. Carletti, A. G. Albo, M. Dacasto and C. Nebbia,
2006. Comparison of hydrolytic and conjugative biotransformation pathways in horse, cattle, pig, broiler chicks, rabbit and rat
liver subcellullar fractions. Veterinary Research Communications, 30: 271-283.
Habig, W. H., M. J. Pabst and W. B. Jakoby, 1974. Glutathione
S-transferases. The first enzymatic step in mercapturic acid formation. Journal of Biological Chemistry, 249: 7130-7139.

701

Hayes, J. D., J. U. Flanagan and I. R. Jowsey, 1995. Glutathione
transferases. Annual Review of Pharmacology and Toxicology,
45: 51-88.
Irons, R., B. A. Carlson, D. L. Hatfield and C. D. Davis, 2006.
Both selenoproteins and low molecular weight selenocompounds reduce colon cancer risk in mice with genetically impaired selenoprotein expression. Journal of Nutrition, 136:
1311-1317.
Kaminsky, L. S. and Q.-Y. Zhang, 2003. The small intestine as a
xenobiotic-metabolizing organ. Drug Metabolism and Disposition, 31: 1520-1525.
Lhoste, E. F., V. Ouriet, S. Bruel, J.-P. Flinois, C. Brezillon, J.
Magdalou, C. Cheze and L. Nugon-Baudon, 2003. The human colonic microflora influences the alterations of xenobioticmetabolizing enzymes by catechins in male F344 rats. Food
and Chemical Toxicology, 41: 695-702.
Lin, J. H., M. Chiba and T. A. Baillie, 1999. Is the role of the
small intestine in first-pass metabolism overemphasized? Pharmacological Reviews, 51: 135-58.
Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall,
1951. Protein measurement with the Folin phenol reagent. Journal of Biological Chemistry, 193: 265-275.
Munday, R., Y. Zhang, C. M. Munday and J. Li, 2006. Structure-activity relationships in the induction of phase II enzymes
by derivatives of 3H-1,2-dithiole-3-thione in rats. Chemico-Biological Interactions, 160: 115-122.
Peters, W. H. M., L. Kock, F. M. Nagengast and P. G. Kremers,
1991. Biotransformation enzymes in human intestine: critical
low levels in the colon? Gut, 32: 408-412.
Pinkus, L. M., J. N. Ketley and W. B. Jakoby, 1977. The glutathione S-transferases as a possible detoxification systems
of rat intestinal epithelium. Biochemical Pharmacology, 26:
2359-2363.
Pirie, A., 1965. Glutathione peroxidase in lens and a source of hydrogen peroxide in aqueous humour. Biochemical Journal, 96:
244-253.
Pompella, A., A. Visvikis, A. Paolicchi, V. De Tata and A. F.
Casini, 2003. The changing faces of glutathione, a cellular protagonist. Biochemical Pharmacology, 66: 1499-1503.
Reddy, K. and A. L. Tappel, 1974. Effect of dietary selenium and
autoxidized lipids on the glutathione peroxidase system of gastrointestinal tract and other tissues in the rat. Journal of Nutrition, 104: 1069-1078.
Samiec, P. S., L. J. Dahm and D. P. Jones, 2000. Glutathione
S-transferase in mucus of rat small intestine. Toxicological Sciences, 54: 52-59.
Sharma, R. A., C. R. Ireson, R. D. Verschoyle, K. A. Hill, M. L.
Williams, C. Leuratti, M. M. Manson, L. J. Marnett, W. P.
Steward and A. Gescher, 2001. Effects of dietary curcumin on
glutathione S-transferase and malondialdehyde-DNA abbucts in
rat liver and colon mucosa: relationship with drug levels. Clinical Cancer Research, 7: 1452-1458.

702
Sivapathasundaram, S., M. J. Sauer and C. Ionnides, 2003.
Xenobiotic conjugation systems in deer compared with cattle and rat. Comparative Biochemistry and Physiology, 134:
169-173.
Skrzydlewska, E., S. Sulkowski, M. Koda, B. Zalewski, L.
Kanczuga-Koda and M. Sulkowska, 2005. Lipid peroxidation
and antioxidant status in colorectal cancer. World Journal of
Gastroenterology, 11: 403-406.
Smith, G. S., J. B. Watkins, T. N. Thompson, K. Rozman and
C. D. Klaassen, 1984. Oxidative and conjugative metabolism of
xenobiotics by livers of cattle, sheep, swine and rats. Journal of
Animal Science, 58: 386-395.
States, B. and S. Segal, 1973. Interrelationship of glutathione-cystine transhydrogenase and glutathione reductase in developing
rat intestine. Biochemical Journal, 132: 623-631.
Stoehlmacher, J., D. J. Park, W. Zhang, S. Groshen, D. D. TsaoWei, M. C. Yu and H.-J. Lenz, 2002. Association between
glutathione S-transferase P1, T1, and M1 genetic polymorphism
and survival of patients with metastatic colorectal cancer. Journal of the National Cancer Institute, 94: 936-942.

O. Fedets
Szotakova, B., V. Baliharova, J. Lamka, E. Nozinova, V. Wsol,
J. Velik, M. Machala, J. Neca, P. Soucek, S. Susova and L.
Skalova, 2004. Comparison of in vitro activities of biotransformation enzymes in pig, cattle, goat and sheep. Research in
Veterinary Science, 76: 43-51.
Tahir, M. K., N. Ozer and B. Mannervik, 1988. Isoenzymes of
glutathione transferase in rat small intestine. Biochemical Journal, 253: 759-764.
Watkins, J. B. and C. D. Klaassen, 1986. Xenobiotic biotransformation in livestock: comparison to other species commonly used
in toxicity testing. Journal of Animal Science, 63: 933-942.
Watkins, J. B., G. S. Smith and D. M. Hallford, 1987. Cheracterization of xenobiotic biotransformation in hepatic, renal and
gut tissues of cattle and sheep. Journal of Animal Science, 65:
186-195.
Virkel, G., M. Carletti, M. Cantiello, L. Della Donna, G. Gardini, F. Girolami and C. Nebbia, 2010. Characterization of xenobiotic metabolizing enzymes in bovine small intestinal mucosa. Journal of Veterinary Pharmacology and Therapeutics,
33: 295-303.

Received October, 8, 2014; accepted for printing February, 20, 2015.

