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The effects of vitamin A nutritional status on glutathione levels and microsomal lipid peroxidation in rat lungl

W. M. Tom, V. Prasongwatana2 and T. R. C. Boyde

Department of Biochemistry, University of Hong Kong, Li Shu Fan Bldg. Sas.won Road. Hong Kong (Hong Kong), 2 July 1984

Summary. In vitamin A-deficient rats, the glutathione level in lung was diminished and microsomal lipid peroxidation much
increased. In vitamin A-loaded animals, however, both were depressed below control. Thus vitamin A protection against lipid
peroxidation is independent of glutathione.
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In a recent study3 we found that peroxidation in rat liver micro
somallipids was inversely related to dietary intake of vitamin A.
whereas microsomal cytochrome levels were depressed in both
vitamin A-deficient and vitamin A-loaded animals, and certain

microsomal metabolic activities were abnormal only in the vita
min A-deficient state. Apparently, the role of vitamin A is multi
facetted. Since the lung is known to be especially vulnerable to
environmental oxidants4, we have undertaken another study
relating to the effects of dietary vitamin A on the lung.
Materials and methods. The animals were prepared as described
previously3: in brief, weanling Sprague-Dawley rats weighing
initially 50 g were maintained for 90 days on diets providing
either 5, 90 or 500 Ilg/day retinyl acetate. At the end of this
period, the vitamin A-deficient group showed signs of moderate
hypovitaminosis whilst the vitamin A-loaded group were not
noticeably abnormal.

The rats were fasted overnight for 16 h, then lightly anesthetized
with ether. Blood was collected from the orbital plexus and the
animals were killed by cervical dislocation before removing the
lungs. These organs were weighed, washed with ice-cold 0.15 M
KCI-0.02 M Tris buffer, pH 7.4, and homogenized in 3 volumes
of buffer. The 9000 x g supernatant and microsomal fractions
were prepared by differential centrifugation of the resulting
homogenate following the procedure of Tom and Montgomery5.
The protein concentration of the subcellular fractions was mea
sured by the method of Lowry6. Glutathione level in the
9000 x g supernatant fraction was determined according to Ell
man 7. Microsomal lipid peroxidation was estimated by the for
mation of thiobarbituric acid-reactive products in the presence
of NADPH and ADP-Fe(III) complcx5.

The liver was also removed from some animals and a portion
solubilized in boiling 30% KOH for) 5 min. Vitamin A (retinol)
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Dietary vitamin A intake
Sufficient Deficient Excess

(n = 20) (n = 20) (n = 17)

Final b.wt (g) 257 ± 8 205 ± 12** 237 ± (,
Total vitamin A in liver (Jlgjg) 173 ± 20 (7) 34.7 ± 2.9** (7) ~23 ± 129** (7)

Serum retinol (Jlgjdl) 30.8 ± 1.1 16.6 ± 2.2** 4:.9 ± 3.9**

Lung wet weight (g) 1.22 ± 0.03 1.21 ± 0.07 1.28 ± 0.07

Protein contentb (mgjg lung) 80.8 ± 1.8 71.2 ± 3.1 * l()I).2 ± .'1.1**
Glutathione levelb (Jlmoljg lung) 1.55 ± 0.08 0.45 ± 0.08** 0.94 ± 0.04**

Microsomal lipid peroxidationC 3.00 ± 0.36 13.74 ± 0.90** 1.98 ± 0.30*

Results are quoted as mean ± SE of the mean. Number of animals. shown above each column, applil ~ except where a different number is shown in

brackets. Serum retinol results in the subgroups where total vitamll1 A in liver was assayed were re~rectively 29.5 ± 1.5, 13.6 ± 1.6 and 46.0 ± 6.9

~lgjdl. a Includes 4 animals in which total vitamin A in liver was < 1).5 ~lgjg. I> Determined in 9000 x r supernatant (postmitochondrial fraction) and

expressed in relation to lung wet weight. C nmol thiobarbituric ,!Cid-reactive products formed p_ I' mg microsomal protein per h. * p < 0.05,
**p<O.OI.

was determined in these tissue digests3; and in blood serum 01' all
animals by the method of Hansen and WarwickR•

All chemicals used in this study were purchased from Sigma
Chemical Co .. St. Louis. Missouri. USA. or E. Merck. Darm

stadt. Federal Republic of Germany. The unpaired Student's
Hest (two-tailed) was employed for evaluation of differences
bctween treated and control groups.
Results and discussion. For details of results. see the table. Final

b.wt in the vitamin A-deficient group was 20% below control.
although the lung wet weights were almost identical. The protein
content of the post-mitochondrial fraction of lung homogenate

was diminished in the deficient group but increased above con
trol in the vitamin A-loaded group.
Note that glutathione levels were below control in both the
experimental groups, whereas lipid peroxidation was CllOr
mously increased in the vitamin A-deficient animals and sig
nificantly below control in the vitamin A-loaded group.
The results of total vitamin A in liver show that vitamin-defi
cient and -excess states were in fact achieved.

Dogra et al.9 have reported that. in vitamin A-deficient rats. the
supply of glutathione in lung tissues was inadequate for conjuga
tion of xenobiotics. They proposed that glutathione depletion
may be a causative factor leading to chemical carcinogenesis in
the lung. However, in extending their experimental work to
animals fed with excess vitamin A. which is supposedly capable
of suppressing carcinogenesis,o.'I, we have found that the gluta
thione level was diminished rather than elevated or unaltered as

might be expected.
When we consider the relationship of lung microsomal lipid
peroxidation to vitamin A status a different state of affairs is
apparent. Here the vitamin A-deficient and -excess states arc

quite distinct: there can be no doubt that peroxidation i:--en-

hanced in the deficient ..•tate and diminished below control in Ihe
vitamin A-loaded animals.

We are obliged to comlude th~t the protective cffect of vitamin
A against lipid peroxidation in lung microsomes is unrelated to
glutathione levels.
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