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The effect of 0.3, 3 and 10 mg SeO2 added to chicken ration on in vitro absorption
of ,sS-thiamine and its content in brain and liver have been studied.

Addition of SeO, inhibits thiamine absorption in chicken jejunum. With an increase
of SeOa in the ration thiamine transport decreases. Higher doses of SeO2 (3 and 10 mg)
inhibit intestine alkaline phosphatase activity. A dose of 10 mg lowers total thiamine
content in brain and liver, whereas 3 mg retains it.

Observations of numerous investigators
have proved that selenium deficiency in
chickens (22), turkey-poults (16) and duck
lings (10) diet, has a negative effect on
their development and health. The ob
tained data have shown that chickens
receiving selenium deficient ration suffer
exudative diathesis that increases their
lethality. They can easily be cured by
adding 0.1-0.2 mg selenium/kg forage (1).
Furthermore the biological part of sele
nium in organism is determined by its
significance for the intermediate metab
olism of proteins, amino acids (8), phos
phorus (11), activation or inhibition of
enzymes (1, 4, 17). In definite doses, the
element is considered as essential for the
physiological and biochemical function of
organism (1, 10, 20, 22).

In its chemical properties, selenium is
closely related to sulphur and this is the
basic reason for the existence of concur
rent interrelations between the two ele
ments. Their antagonism, on the other
hand, has been successfully exploited for
treatment of selenium toxicosis with sul
phur compounds and sulphur containing
amino acids (5, 6). DL-methionine includ
ed in mice ration increases selenium ex
cretion with the urine (5). All those facts
have led to the assumption of its possible
participation in thiamine intermediate me
tabolism. Sulphur being a structural com
ponent of vitamin Bj renders the hypoth
esis plausible.

The purpose of the present investigation
was to study the effect of different doses
of selenium dioxide included in chickens 
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diet on thiamine absorption and its con
tent in brain and liver.

Materials and Methods

An experiment with newly hatched
white Plymouth Rock male chickens, divid
ed in four groups, was carried out. The
components of their basic ration were bal
anced according to their nutritive values
(table I). The rations of the groups dif
fered only in the amount of added exoge
nous selenium oxide administered as fol
lows:

I group (control), basic ration, without
SeO2; II, basic ration + 0.3 mg SeO,/kg
forage; III, basic ration + 3.0 mg SeO2/kg
forage, and IV, basic ration + 10.0 mg
SeO,/kg forage.

Selenium in the ration was determined
colorimetrically with the method of Cum
mins et al. (3).

For examining thiamine absorption, 6
chickens were taken, from each group,
at 45 days of age. The method of tissue
accumulation (9), in vitro, was applied.
After starving for 18 hours, with access
to water, the chickens were decapitated
and segments, 4 cm long, were separated
from the proximal part of the jejunum
and immediately rinsed with 0.9 % (w/v)
NaCl. The mucosa was brought to the
surface by turning the intestine inside out
and then cut in sections 3-4 mm long.
The sections were promptly placed in
Erlenmeyer flasks, 100 ml, containing
20 ml Krebs-Hensleite buffer with 0.3 %
glucose, pH 7.4, previously tempered and
aerated. The incubation was carried out
at 37° C for one hour in a schaker water
bath (80 osc/min). At the beginning of
the incubation 0.1 ml 35S-thiamine solu
tion (activity 14.7 /zCi) was added to each
flask. After the incubation the segments
were rinsed with distilled water, dried,
weighed, and homogenized with 15 %
(w/v) trichloracetic acid. The homoge
neous mixture was spun at 10,000 (rpm)

Table I. Composition of the experimental
(basic) ration.

Selenium’s content in the ration is 0.537 mg/kg
forage.

Components %

Maize meal 62.00
Soy-bean groats 29.20
Forage yeasts 2.00
Alfalfa meal 2.00
Chalk 1.00
Calcium diphosphate 1.70
Salt 0.30
Mixture of trace elements * 0.50
Vitamin premix “ 1.00
L-Lysine 0.10
DL-Methionine 0.15

1 kg blend contains (g):
Exchange energy 2,839 kcal
Raw protein 186.9
Raw fibres 39.1
Methionine and Cysteine 7.8
Lysine 11.9
Calcium 9.6
Total phosphorus 7.2

• The mixture of trace elements contains (%): ironic
sulfate, 7.5; cuprous sulfate, 1.0; manganous sulfate,
12.5; zink sulfate, 10.0; cobalt sulfate, 0.1; potassium
Iodide, 0.05; manganese sulfate, 10.0; chalk, 68.85.

“ 1 kg blend contains: vitamin A (acetate), 10,000 IU:
vitamin D3, 1,000 IU; vitamin E, 10 mg; vitamin K, 0.5 mg;
Riboflavin, 3 mg; thiamine, 1.5 mg; nicotinic acid, 30 mg;
calcium pantothenate, 10 mg; pyridoxine, 2 mg; choline
chloride, 1,000 mg; vitamin B12, 25 mg.

for 10 minutes and the sediment rinsed
twice with 5 % (w/v) trichloroacetic acid.

The radioactivity of the supernatant was
measured with Packard-Tricarb Scintilla
tion Spectrometer, model 3330, after ad
dition of 0.5 mb of the sample to 10 ml
of the scintillation solution (7.5 g PPO/
2.5-diphenyloxazole and 0.74 g POPOP/
1.4-Di-[2-(5-Phenyl oxazolyl)] benzene in
one liter of one part triton-x-100 and two
part toluene).

In another trial with 6 chickens from
each group, the content of total thiamine
in brain and liver was determined (19).

Alkaline phosphatase in jejunum mu
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cosa was determined with the method of
Bodansky (2).

The results were statistically elaborated
and P values determined with t Student’s
test.

Results

Thiamine absorption is influenced by
the different levels of selenium in the
ration; with the increase of its content
the absorption decreased (table II). <•

The activity of intestine alkaline phos
phate underwent changes as shown in fig
ure 1: the lowest level of SeO2 in the
ration —0.3 mg did not exert substantial
changes to the enzyme activity whereas
quantities of 3 and 10 mg SeO2/kg forage
markedly depressed it (P < 0.001).

The addition of 0.3 mg SeO,/kg forage
did not lead to noticeable changes in the
thiamine content in brain and liver. How
ever, with raising of SeO2 level up to 3 mg
a significant increase of thiamine as in

Table II. Influence of different levels sele
nium oxide in the ration on absorption of

■ “S thiamine in chickens jejunum.
Number of chickens per group, 6.

SeO2
(mg/kg
forage)

Radioactivity
g/intestlne wall

(cpm/g)
P

— 57,588 ±2,240 —
0.3 45,590 ±2,450 <0.01
3.0 33,500 ±1,828 <0.001

10.0 35,216 ±1,985 <0.001

Fig. 1. Influence of different levels of sele
nium oxide in the ration on intestine alkaline

phosphatase activity in chickens jejunum.
Number of chickens per group, 6. * P>0.001.

brain so in liver was observed (P <0.001);
on the contrary 10 mg of the compound
strongly decreased its level in these tissues
(table III).

Discussion

The data analysis showed an existing
relation between selenium content in the
diet and thiamine absorption i.e. with the
increase of selenium in the ration vitamin
B, transport was inhibited. A similar re
lationship was observed with the effect
of selenium on alkaline phosphatase activ
ity in jejunum mucosa. In this case the
enzyme inhibition at a higher selenium
level in the ration is also characteristic.
The activity of intestine alkaline phos
phatase as shown by our previous inves
tigations with chickens (12) and by those
of Schaller et al. (21) and Matsuda

Table III. Content of thiamine in brain and liver of chickens receiving different amounts
selenium oxide in the ration.

Number of chickens per group, 6.

Se O2
(mg/kg
forage)

Brain Liver

pg/g
fresh tissue P x*g/g

fresh tissue P

— 1.478 ± 0.043 2.243 ± 0.051
0.3 1.555 ± 0.068 2.197 ± 0.045
3.0 1.766 ± 0.075 <0.01 2.689 ± 0.049 <0.001

10.0 1.071 ± 0.068 < 0.001 1.276 ± 0.060 <0.001



380 Y. LAZAROV, H. STANCHEV AND L. PIPEROVA

et al. (15) is of a definite functional im
portance for the thiamine active transport.
It was found that the lower level of the
vitainine transport in chickens distal
small intestine parts (12) correlated with
the lower alkaline phosphatase activity or
with its inhibition by L-phenylalanine, a
specific inhibitor of the enzyme (14, 21),
or by ethanol (15).

The ions of some metals effect the activ
ity of the intestine enzymes, the alkaline
phosphatase including. The blockade of
their active site sulfhydryl groups inhibits
the enzyme activity (23).

Ponz (18) has succeded in inhibiting
glucose active transport by sodium sele
nite. In his opinion this is due to inhibi
tion of enzymes carrying SH-groups in
their active site by the selenium ion. With
addition of free SH-group donors, gluta-
tion-SH or L-cysteine to the substrate a
significant increase in thiamine transport
in chickens small intestines was observed
(13). Lazarov (11) has showed that 5.5 mg
SeO2/kg forage inhibits the absorption of
32P in chickens alimentary channel.

On the other hand we assume that sele
nium being an antagonist of sulphur dis
places it from thiamine molecule and as
a result selenium thiamine is built. Most
probably this compound’s transport
through the intestinal epithelial cells mem
branes is impeded. Jacobsson (7) has es
tablished that sulphur in methionine and
cysteine molecules can be replaced by se
lenium whereby selenium-methionine and
selenium-cysteine are formed. Stanchev
(unpublished data) has established that
selenium-methionine absorption in chick
ens duodenum and ileum is lower than
methionine absorption. Consequently the
mentioned properties of selenium are of
paramount importance for thiamine trans
port

Thiamine content in brain and liver
varies according to the quantity of sele
nium in the diet. A low SeO2 level of
0.3 mg did not cause substantial changes
in thiamine distribution in these tissues.

The addition of 3 mg SeO2, however,
markedly increased total thiamine, where
as 10 mg decreased its content.

The results of this investigation showed
that selenium participates in thiamine
distribution in the different tissues. The
optimal physiological doses rendering a
positive effect, however, are in a very nar
row range; the limit in the chickens ration
being 3-4 mg SeCh/kg forage, above which
selenium intoxication occufs (1).

Resumed

Se estudia el efecto de SeOa (0,3, 3 y 10
mg/kg) anadido a la dieta, sobre la absorcidn
in vitro de S3S-tiamina y su contenido en ce-
rebro e higado de polio.

La adicidn de SeO3 a la dieta inhibe la ab
sorcidn de tiamina por yeyuno de polio, asf
como la actividad de la fosfatasa alcalina in
testinal (con 3 y 10 mg/kg de SeO3). Disminu-
ye el contenido total de tiamina en cerebro e
higado tinicamente con la dosis de 10 mg/kg.

References

1. Atlavin, A. B. and Apsite. M. R.: In
Pistevarenie i vsasivanie u jivotnih, Zinat-
ne. Riga (URSS), 1979, pp. 119-127.

2. Bodansky, A.: J. Biol. Chem., 101, 93-
104, 1933.

3. Cummins, L. M., Martin, J. L., Magg,
G. W. and Magg, D. D.: Anal. Chem.,
36, 382-386, 1964.

4. Ermakov, V. V. and Kovalskii, V. V.:
Biologi^eskoe znacenie selena, Nauka,
Moskva, 1974.

5. Filchagin, N. M.: Voprosi pitani, 4, 78-
83, 1965.

6. Hintz, H. F. and Hogue, D. E.: J. Nutr.,
82, 495-498, 1964.

7. Jacobsson, S. O.: Acta Vet. Scand., 7,
303-305, 1966.

8. Jenkins, K. A., Hidiroglou, M. and Ryan,
J. F.: Canad. J. Physiol. Pharmacol., 47,
459-463, 1969.

9. Komai, T., Kawai, K. and Shindo, H.:
J. Nutr. Sci. Vitaminol., 20, 163-177, 1974.



INTESTINAL ABSORPTION OF 35S-THIAMINE 381

10. Kukurichev, P. and Leganceva, V.: Vcle-
rinaria (URSS), 38, 66-70, 1961.

11. Lazarov, Y.: Zivotnovadni nauki (Sofia),
7, 59-65 1968.

12. Lazarov, Y.: Zivotnovadni nauki (Sofia),
5, 11-17, 1973.

13. Lazarov, Y.: Acta Vitaminol. Enzymol.,
30, 117-122, 1976.

14. Lazarov, Y.: Doctoral Thesis, Sofia, 1978.
15. Matsuda, T., Baba, A. and Iwata, H.:

Experientia, 34, 18-19, 1978.
16. Nesheim, M. and Scott, M.: Fed. Proc.,

20, part 1, 674-678, 1961.
17. Omaye, S. T. and Tappel, A. L.: J. Nutr.,

104, 747-753, 1974.

18. Ponz, F.: R. esp. Fisiol., 8, 217-223, 1952.

19. Rindi, G. and Perri, V.: Internal. Ztschr.
Vitaminf., 32, 398-405, 1962.

20. Scott, M. L.: in «Mineral metabolism»,
Vol. 2/B. (Comar, C. L. and Bronner, B.
eds.) Academic press, New York, 1962,
pp. 543-560.

21. Schaller, K. and Holler, H.: Internal.
J. Vit. Nutr. Res., 45, 30-38, 1975.

22. Thompson, J. N. and Scott, M. L.: J.
Nutr., 97, 335-342, 1969.

23. Tortchinskii, Y. M.: In «Fermenti»,
Nauka, Moskva, 1964, p. 124.




