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Redistribution of vitamin A in tissues of rats with imposed chronic
confinement stress
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1. The effect of confinement stress on the metabolism of vitamin A was studied in rats by following changes
in tissue distribution of the vitamin for 29 d. In order to minimize predicted errors which might result from
fluctuation of vitamin A intake, the effect of the stress was investigated in rats fed on a vitamin A-free diet.

2. Daily stress for 6 h induced an enlargement of the adrenals with a concomitant involution of the thymus
and spleen, values returning to normal within 11-15 d.

3. The stress caused an immediate decrease in the content of vitamin A in serum.

4. Feeding rats a vitamin A-free diet resulted in a significant increase in the vitamin A content of the kidney.
Imposing stress on these rats inhibited markedly the increase in kidney vitamin A content.

5. The stress produced no appreciable change in levels of the vitamin in the liver and testes.

6. There was a preferential accumulation of the vitamin in the adrenals of the stress-imposed rats even though
they were fed on a vitamin A-free diet.

7. In conclusion, the results of the present study demonstrated that chronic immobilization stress produced
marked tissue-dependent changes in their vitamin A content.

There are many reports of altered vitamin A status in animals and humans produced by
acute or chronic stress conditions. Thus, it has been shown that blood level, liver content
or urinary output of vitamin A are influenced by imposing a variety of stressful stimuli such
as physically- or chemically-induced fever (Aron et al. 1946; Kagan & Kaiser, 1955), surgical
operation (Ramsden et al. 1978), myocardial infarction (Ramsden et al. 1978), emotional
stress (Hepner & Maiden, 1971), physical training (Barisov, 1977), burn injury (Rai &
Coutemanche, 1975) and heat or cold exposure (Page et al. 1959 ; Odagiri & Koyanagi, 1961;
Porter & Masoro, 1961; Sundaresan et al. 1967). Ershoff (1950, 1952) and Sundaresan et
al. (1967) proposed that the vitamin A requirement is increased by prolonged exposure of
rats to cold-exposure stress, based on the reduced survival time of vitamin A-deficient
animals. However, the mechanism regulating the previously-mentioned processes is now
only partly understood.

The present study was carried out to obtain basic knowledge about the nature of the
regulatory mechanism of vitamin A metabolism which would be affected in the stressed
animals. Confinement stress was employed as a stimulus since to the best of our knowledge
no information is available on the effect of this type of stress on vitamin A metabolism in
animals and humans, although it has been used often in experimental medicine and
veterinary science in the hope that it will produce the purest stress of frustration by depriving
the animals of their liberty to move about (Selye, 1976). The effect of chronic application
of this stressor was studied in order to follow changes in the metabolism of vitamin A during
early and later stages of adaptation of the animals to the stress condition.

EXPERIMENTAL
Animals. Male albino rats of the Wistar strain (Shizuoka Experimental Animals and
Agricultural Cooperative, Hamamatsu, Japan) initially weighing 50 g were used.
Diets. The vitamin A-free diet contained (g/kg): 250 vitamin A-free casein (Wako Pure
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Chemicals Industries, Ltd., Osaka, Japan), 20 maize oil, 85 water-soluble vitamin mixture
(Harper, 1959), 0-10 al/l-rac-a-tocopherol acetate, 7-5 ug ergocalciferol, 20 cellulose powder,
40 salt mixture (Harper, 1959), 660 maize a-starch. The vitamin A-supplemented diet was
prepared by adding retinyl acetate to the vitamin A-free diet, 3-06 mg/kg diet. Both diets
were prepared fresh weekly.

Experimental design. Rats were housed in individual aluminium and stainless-steel cages
with wire floors in a temperature-regulated (22 + 2°), light-controlled (lights on 07.00-19.00
hours) room. Rats were given free access to water and to the experimental diets. All 115
rats were allowed 7d of acclimatization to the laboratory conditions before use in
experiments, during which time they were fed on a vitamin A-supplemented diet. Five rats
were killed on the 8th day to obtain the starting values. The remaining animals were divided
into two groups. The rats of the first group were kept on a vitamin A-supplemented diet
(+A control group). The remaining rats were transferred to a vitamin A-free diet and
divided into two sub-groups. The animals of one sub-group.were subjected to stress (—A
stress group), while the rats of the other sub-group were maintained in home cages (—A
control group). As described previously, the effect of stress was examined by comparing
these two groups of rats fed on a vitamin A-free diet.

Stress procedure. Experimental animals were wrapped twice daily for 3 h each (morning
07.00-10.00 hours, and evening 16.00-19.00 hours) with a fine mesh (no. 150) stainless-steel
screen which was closed permanently by folding the front edge and the rear edge was free
for introducing and removing the rats. After the rat was in place the free edge was clamped
with a paper clip. Two sizes of screens, one approximately 95 x 145 mm and the other
115 x 190 mm were used depending on how much the size of the animals increased during
the experimental period. Each animal in its screen was placed in an upright position against
the wall inside its own cage. The control rats were left undisturbed in separate cages.
Imposing the stress on the rats was started on the same day that the vitamin A-free diet
regimen was begun. Animals were killed by decapitation, usually just after the morning stress
period. Blood was collected in a glass centrifuge-tube and then centrifuged. The serum thus
obtained was stored at —80° for analysis of vitamin A. The liver, kidneys, testes, thymus,
spleen and adrenal glands were removed immediately, and rinsed with ice-cold saline (9 g
sodium chloride/1). After adhering saline was blotted off with filter paper, the tissue was
weighed and whole organs or a part (0-5-1-5 g, depending on the vitamin A status of each
rat) were put into a small centrifuge-tube fitted with a condenser and containing 1 ml
ethanol and 0-75 ml potassium hydroxide (500 g/1). Each tube was wrapped with aluminium
foil to shelter it from light and then incubated for 40 min at 60-70° with shaking to
hydrolyze the retinyl esters. The adrenal glands from five animals were pooled for analysis
of the vitamin. Subsequent operations were performed in a dark-room with a dim red light.
After each tube was cooled rapidly to room temperature, 1 ml water and 5 ml
spectrophotometric-grade hexane were added and the contents were mixed vigorously for
1 min using a vortex mixer. After centrifugation, a portion of the hexane layer was used
for fluorometric measurement of vitamin A using the correction formula method of
Thompson et al. (1971). A serum sample (0-4 ml) was mixed with 1 ml water, 1 ml ethanol
and 5ml hexane. A portion of the hexane layer was used for analysis of vitamin A
(Thompson et al. 1971). Some kidney samples were also assayed for vitamin A by the
trifluoroacetic acid method of Dugan et al. (1964); good agreement between the results was
found. The Student’s ¢ test was used to estimate the significance of differences between the
stressed and the control group (Snedecor & Cochran, 1967).
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Fig. 1. The effect of 6 h of daily chronic immobilization on body-weight of young adult male rats. (O),
Rats fed on a vitamin A-containing diet (+ A control); (@), rats fed on a vitamin A-free diet (— A
control); (A), rats fed on a vitamin A-free diet and subjected to confinement stress (— A stress). Feeding
regimen of the vitamin A-free diet was started on day 0 of the experiment. The points are mean values
with their standard errors, represented by vertical bars, for five rats. The differences between values for
— A control group and — A stress group were significantly different: *P < 0-05.

RESULTS
Body- and organ weight

Fig. 1. illustrates the cumulative influence of 6 h daily confinement stress on total
body-weight. No significant difference was observed in the growth rate of the + A control
group and that of the — A control group. These results are consistent with those obtained
by others in that the rats fed on a vitamin A-free diet continued to grow normally for
approximately 50-60 d. On the other hand, growth of the stressed animals was retarded
during the initial 8 d of exposure to the stressor. The growth rate of these animals thereafter
caught up to that of the — A control group. These results indicate that the stressed animals
had adapted to the stress condition during this period.

Vitamin A-free diet also caused no appreciable change in the relative weight of adrenal
glands, thymus and spleen compared with those of rats fed on a vitamin A-supplemented
diet (Table 1). Adrenal weight reached a maximum (+ 20%) on the 4th d after the initiation
of immobilization and the difference from the — A control rats remained significant through
the last day of the experiment. The relative weight of the thymus fell to a minimum (—22%))
on day 4; thereafter these values tended to return toward those of the — A control group,
which also began to involute after 10 d. This seems to be so-called age-dependent atrophy
of the organ. The spleen also shows a diminution of size starting on the first day of exposure
to confinement stress, the greatest decline, — 169/, being observed on the 4th d, after which
time the values remained stable. These changes have been shown to be essentially the same
regardless of the nature of the systemic stressor used: they seem to be the typical
manifestations of the general adaptation syndrome (Selye, 1946).
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Fig. 2. The effect of 6 h of daily chronic immobilization on serum concentration of vitamin A. (QO), +A
control group; (@), — A control group; (A). — A stress group. The points are mean values with their
standard errors, represented by vertical bars, for five rats. The differences between values for — A control
group and — A stress group were significantly different: *P < 0-05.

Tissue vitamin A

Changes in the serum concentration of vitamin A in each group are shown in Fig. 2. There
was essentially no difference in it between the — A control group and the + A control rats
until the 15th d after initiation of the diets, but thereafter it began to decline in the former.
These results are consistent with the generally-accepted belief that rats have a homoeostatic
contro! mechanism for maintaining blood levels of vitamin A within a narrow range despite
a widely-varying dietary supply of the vitamin (Underwood et a/. 1979). Immobilization
for 6 h produced a slight but significant depression in blood levels of vitamin A during the
initial 15 d of the experiment, after which the values became comparable to those in the
— A control rats since the levels began to decrease after 15 d of this diet (Fig. 2).

As shown in Fig. 3(a), feeding rats a vitamin A-free diet resulted in a prompt decline
in the hepatic content of vitamin A, only approximately one-fortieth of its initial content
remained after 29 d. Immobilization for 6 h provoked no further change in hepatic content
of the vitamin.

The renal levels of vitamin A were elevated gradually in the rats fed on a vitamin A-free
diet, the values reaching a plateau on the 18th d (Fig. 3(b)). In the + A control group the
values remained stable throughout the experiment. These results agree with those obtained
in a previous study (High, 1954) and those obtained by ourselves (Morita and Nakano,
unpublished results). This increase in renal content of vitamin A occurring in the vitamin
A-depleted rats was markedly inhibited during the first 7 d of exposure to immobilization.
However, despite the unchanged schedule of restraint, it resumed at an accelerated rate after
that, the difference from the — A control group remaining significant until the 23rd d of
the experiment. These changes in the renal content of vitamin A are comparable with those
in the weight of thymus and spleen (Table 1), suggesting that they are also manifestations
of the general adaptation syndrome.

The results in Fig. 3(c) show that confinement stress failed to influence substantially the
content of vitamin A in the testis.

As shown in Fig. 3(d), the content of vitamin A in the adrenal glands increased gradually

ssa.ld Aissanun sbpuquied Ag suluo paysiignd 9,00z86 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19820076

https://doi.org/10.1079/BJN19820076 Published online by Cambridge University Press

o€

(P} wwawladxa Jo poliay

0c¢

0l

0g

T

(p) 1uawuRadXa JO poliad

0c

P

0l

K. NAKANO AND A. MORITA

650

T

(9

7 1

0-0

0-¢

0-0

01

{d1ed jeuaspe/Bri) y ulwRLIA jRUIPY

(s21sa1 ajoym/Bri) ¥ ulWelA $3183 ]

(V3

0Z

ot

—

(P) WwawIadxa 40 pollad

(9)

oL

(e

_ ‘umwiella ays jo sisA[eue 10§ pajood a1am s1er say woiy spue[d
[EUSIPE YL "60-0 > d s :IUIIPIP Apueoyiudis 219m dnoid ssans y— pue dnosd j011U0D. Y — 10§ SINRA UOMIOQ SIIUIISYIP Y1 'SIEL 3AY 1O} ‘SIEq
201124 AqQ Pajuasaldal ‘S10110 pIBPUR)S 119Y) )M sanjea uedw axe syujod sy T, *dnois ssans y — (W) {dnoid jonuoo y— (@) ‘dnois jonuos v+ (O)
"SpUB[3 [BUSIPE (p) PUR $3153} (9) ‘AoUPpIY (@) “I9AN] (D) 3Y) Ul Y UTWIE}IA JO JUSIUOH [B)0) ) UO UONEBZI[IGOUWI SIUoIyd AJIEp JO { 9 JO 39312 oy "¢ 81
(P) 1uawadxa JO poliad

oc

oot

00¢

00¢

oov

{Aaupiy sjoym/Bri) v ulwelnta Aaupry

{43A1] 8j0ym/Bf) v UIWBLIA JBAIT


https://doi.org/10.1079/BJN19820076

Stress and tissue vitamin A 651

as a function of time on diet in both the + A control rats and the — A control animals,
although the magnitude of the increase was far less in the latter. Chronic immobilization
for 6 h markedly accelerated this increase in the adrenal vitamin A content, although the
rats were fed on a vitamin A-free diet (— A stress). A plateau, reached on the 8th d (293¢%)),
was maintained through the last days of the experiment.

DISCUSSION

It has been repeatedly shown that the serum concentration of vitamin A falls in rats and
humans when they are suffering from a variety of stresses such as surgical operation
(Ramsden et al. 1978), myocardial infarction (Ramsden ez al. 1978), burn injury (Rai &
Coutemanche, 1975), fever (Aron et al. 1946; Kagan & Kaiser, 1955) and physical training
(Barisov, 1977). However, there is little detailed information presently available establishing
the mechanism regulating these processes. Ramsden ez al. (1978) have recently suggested
that the decline in the serum concentration of vitamin A which was provoked by the acute
stress of surgical operation or myocardial infarction is due to either increased diffusion of
the vitamin into peripheral tissues to satisfy increased cellular demand under these
conditions or an incidental urinary loss of the vitamin, or both.

The results obtained in the present study confirm the previous findings in that chronic
stress caused lowering in the serum content of vitamin A, although the magnitude of fall
was somewhat small (Fig. 2). This was substantiated furthermore in our subsequent study
where another type of confinement stress with greater intensity, fixation of the limbs of
animals on a piece of board, was imposed on rats (Morita & Nakano, unpublished results).
It is unlikely that this decline in serum level of vitamin A is due to retardation of transport
of the vitamin from liver storage since immobilization produced no appreciable change in
the hepatic content of the vitamin (Fig. 3(a)) as compared with that in the — A control
group. These results agree with the earlier observations of Sundaresan er al. (1967) who
noted that total vitamin A content in the liver remained unchanged in rats suffering from
cold-exposure stress.

Previously, High (1954) proposed that the kidney plays an important role in conserving
vitamin A during the middle stage of vitamin A-depletion. This view was deduced from the
finding that the content of vitamin A in the kidney rose significantly although the animals
were fed on a vitamin A-deficient diet. Confirming this previous finding, it was shown here
that the kidney accumulated a significant amount of vitamin A in the rats fed on a vitamin
A-deficient diet, which level exceeded the hepatic content of vitamin A after 29 d of the
diet (12:8+1-5 ug/whole kidney and 10-1+1-2 ug/whole liver). It is noteworthy that
imposing confinement stress on these rats caused a marked inhibition of this increase in
the renal content of the vitamin (Fig. 3()). The results are compatible with those obtained
by Odagiri & Koyanagi (1961) who observed that the renal content of vitamin A decreased
in rats suffering from cold-exposure stress. It seems just possible that the fall in the renal
content of vitamin A might be a result of lowered serum concentration. However, as the

“testicular content of vitamin A, which is generally considered to be governed by blood
vitamin A, remained unchanged following chronic confinement stress (Fig. 3(c)), reduction
of renal vitamin A might be caused by other factors. In this connection, Ramsden et al.
(1978) have recently suggested that a decline in serum content of vitamin A in men suffering
from surgical stress is due to an incidental urinary loss of the vitamin. It is likely, therefore,
that the reduction in renal content of vitamin A is not a result of lowered serum
concentration of the vitamin but reflects its increased urinary ioss, which conversely causes
a decrease in serum vitamin A concentration.

As shown in Fig. 3(d), 6 h daily consecutive immobilization caused a preferential
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accumulation of vitamin A in the adrenal glands although the rats were fed on a vitamin
A-free diet (— A stress). These results are in accordance with those obtained by Glick et
al. (1966) that electric foot shock, in combination with partial fasting, caused a significant
elevation of vitamin A in the adrenal glands of rats. They also observed parallelism between
the post-partum increase in ability of rat adrenal cortex to respond to ACTH, resulting in
a rise in serum concentration of corticosterone, and that of adrenal vitamin A content
(Levine et al. 1967). On the other hand, Sundaresan & Sundaresan (1975) have shown that
vitamin A is most preferentially accumulated in the adrenal glands in the earliest stage after
administration of a small amount of the vitamin to vitamin A-deficient rats. Based on these
findings, Glick ez al. (1966) and Sundaresan & Sundaresan (1975) suggested an important
function of vitamin A in this organ, e.g. in regulation of steroid hormone dynamics. The
results obtained in the present study would provide a support to their view.

In conclusion, the results of the present study established that chronic immobilization
stress provoked marked changes in the content of vitamin A in serum, kidneys and adrenal
glands, whereas it caused no significant change in its hepatic and testicular content.
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