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Abstract 

A high-performance liquid chromatographic (HPLC) method to determine vitamins A, Ap and E simultaneously was 
developed with direct extraction of vitamins from rat tissues with n-hexane and probe sonicating. The dry residue was 
redissolved in chloroform-methanol. Vitamins A and Ap were detected by UV-Vis and vitamin Eby fluorescence. Vitamin 
K, used as internal standard, was detected both by UV-Vis and by fluorescence. Standards and samples were checked for 
linearity giving correlation coefficients that were higher than 0.99 in the concentration range of 3.1-9.4 for vitamin A, 
8.2-24.7 for vitamin Ap and 0.6-1.7 nmol/g in the case of liver extracts and 0.5-3.0 nmol/g in the case of placenta. The 
intra-assay precision (R.S.D.) varied between 1.48 and 7.25, whereas inter-assay precision was between 4.99 and 7.03. 
Recoveries ranged between 94±8 and 107±5%. Results from the application of this method to different rat tissues having 
wide range of vitamin content are presented. © 1997 Elsevier Science BY. 

Keywords: Vitamins 

1. Introduction 

The increasing interest in tissue distribution of 
certain antioxidant vitamins, including vitamins E 
and A, arises from their protective role against free 
radicals. The oxidative stress caused by the net 
production of these free radicals has been associated 
to the development of different pathological con
ditions [1-3]. The beneficial effects of these vita
mins in protecting or even preventing those 
pathological conditions have already been estab
lished [4-7]. Determination in small samples, such 
as foetal tissues of experimental animals and in vitro 
cell preparations, which are currently being used to 
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study the protection role of these vitamins against 
oxidative stress [8-12] are within the scope of these 
studies. 

Most of the currently existing methods used to 
analyze these vitamins include saponification prior to 
extraction [13-15], a step that we have proved to be 
unnecessary (unpublished data), since modem ana
lytical methods try to simplify sample pre-treatment 
steps because they are time consuming and a source 
of errors [16,17]. To our knowledge, one method has 
been used to measure retinol and a-tocopherol 
without saponification but requires enzymatic diges
tion [18], whereas another one needs clarification of 
tissue samples with a Sep-Pak C 18 cartridge to avoid 
the large solvent peak (acetone) [ I 9]. The methods 
described measure separately a-tocopherol, retinoids 
or vitamins A and E, but not vitamin Ap and the 
only reported method to measure the three of them 
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employed two ditlcrL'lll chromalo~raphic systems 
1131. 

Fur1hcr111orc. since the amount of ,·itamins present 
in dillcrenl tissues and their responses to llV and 
lluoresccnce detection vary, ii was considered neces
sary to include an internal standard in the analytical 
process. Whereas this standard should have a chro
matographic behaviour similar to that of the analytes 
and should also be capable of being detected and 
measured both by UV-Vis or by fluorescence detec
tors, most of the already employed substances (re
tinyl acetate, a-tocopherol acetate, etc.) lack some of 
these properties. 

2. Experimental 

2.1. Instrumentation 

A Beckman (Fullerton, CA, USA) HPLC system 
equipped with a 126 pump, an automatic injector 
(507e), a 168 diode array detector, a Gold System 
data processor and a Waters (Milford, MA, USA) 
474 fluorimetric detector were used. The chromato
graphic analysis was performed on a 5 µm particle 
C 18 Nucleosil 120 column (15X0.46 cm) kept in a 
Bio-Rad (Hercules, CA, USA) column oven at 40°C. 

2.2. Reagents 

All solvents were HPLC grade quality purchased 
from Scharlau (Barcelona, Spain). Vitamins A, Ap, E 
and K were from Fluka (Madrid, Spain) and all the 
other reagents were analytical grade from Merck 
(Madrid, Spain). 

2.3. Animals 

Wistar pregnant rats, from our own animal quarter. 
were decapitated at day 20 of gestation and placenta 
and fetuses rapidly excised. Then, maternal and fetal 
liver and fetal brain were immediately dissected and 
kept at -80°C until processed. 

.! . ../.. /lfrthods 
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.! . ..J.. /.1. Stock w1cl 1rnrki11g s1wu/ards 

The following individual stock solutions of com
mercial vitamins were prepared in ethanol: vitamin A 
(0.40 mg/ml), vitamin Ap (0.40 mg/ml), vitamin E 
(8.00 mg/ml) and vitamin K (0.56 mg/ml). These 
solutions were stored in aluminum foil-covered 
containers and kept at -20°C. On the day of the 
assay the concentration of the respective vitamin in 
the stock solution was determined spectrophotomet
rically measuring the absorbance of appropriately 
diluted solutions, actual concentrations were calcu
lated from the wavelengths and molar absorptivities 
reported previously [20]. 

Fresh working standards were prepared right 
before use by pooling and diluting the stock solu
tions of vitamins A, Ap and E with ethanol, to give 
final concentrations of 40, 133 and 10.7 µg/ml, 
respectively. 

2.4.1.2. Working standards processing 
In 80X 12 mm glass tubes, 50 µl of the working 

standard solution of vitamins A, Ap and E, 50 µI of 
the vitamin K solution and 2 ml of n-hexane were 
mixed. The mixture was evaporated to dryness in a 
centrifuge concentrator and the residue redissolved in 
200 µ1 of chloroform-methanol (1:3). 

2.4.1.3. Sample processing 
In the same type of glass tube described above, 50 

mg of tissue were weighed and 50 µl of the vitamin 
K stock solution were added. Vitamins were ex
tracted twice with 1 ml n-hexane by probe sonicator 
and centrifuged at 2000 g for 5 min. Supematants 
were pooled together and evaporated to dryness in a 
centrifuge concentrator. The residue was redissolved 
in 200 µI of chloroform-methanol ( I :3 ). 

2.4.2. Brain and placenta 

2.4.2.1. Wt-irking standards treatment 
50 µI of the vitamin E stock solution (diluted 8 

µg/ml with ethanol). 50 µI of vitamin K (the same 
stock as above) and 200 µI of phosphate buffer (5 
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mM. pH 7.4) were mixed and extracted twice with I 
ml 11-hexane and treated as described for liver. using 
chloroform-methanol (I: I) instead of ( I :3 ). 

Tissue samples were prepared mixing 50 mg of 
tissue. 50 µI of vitamin K stock solution and 200 µI 
phosphate buffer. 

2.5. Chromatographic analysis 

The reversed-phase HPLC analyses were carried 
out with methanol-water (96.5:3.5, v /v) as eluent, at 
a flow-rate of 2 ml/min. 

Since the amount of vitamin E present in brain and 
placenta was very low, detection in the tissue 
extracts was done by fluorescence. Excitation was set 
at 295 nm and emission at 350 nm in the first 9 min 
for vitamin E and at 330 run and 400 nm until the 
end of the run (13 min). 

Since the amount of vitamins A and Ap in liver 
was enough for UV, but insufficient for vitamin E, 
dual detection was carried out. Vitamins A and Ap 

Table 1 

were measured with UV-Vis at 325 nm. detecting 
vitamin A in the lirsl 9 min. vitamin K from min 9 to 

13 and vitamin Ap from min 13 to 35. while vitamin 
E was detected with fluorescence as specified above. 

Analytc concentrations were calculated by the inter
nal standard method. 

2.6. Validation 

To ensure the homogenicity of samples during the 
whole test, 0.5 g of brain, 1.0 g of placenta and 2.0 g 
of liver tissue were separately suspended in phos
phate buffer to give a final volume of 4 ml by using 
a Potter-Elvehjeim-type homogenizer. The use of 
different amounts of tissue was considered necessary 
in order to compensate for their respective lipid 
content. since a high lipid contents difficults both the 
extraction and the redisolution of the samples. 
Aliquots were stored at -20°C. 

Standard linearity was verified by analysis of two 

Simultaneous detennination of vitamin A and E in rat tissues: validation of the methods 

Standard linearity 
Intercept 
Slope 
r 

Range (nmol/tube) 

Sample linearity 
Intercept 
Slope 
r 

Precision (nmol/g.tissue) 
Intra-assay 

Mean 
R.S.D. 

Inter-assay 
Mean 
R.S.D. 

Accuracy 
% Recovery 
R.S.D. 

Lner 

VttA 

-0.02±0.02 
0.087 :!:0.003 
0.999 

3.1-9.4 

-0.01 :!:0.05 
0.0079 ± 0.0007 
0.998 

16.3±0.3 
1.48 

16.2±0.5 
4.99 

94±8 
5.05 

VIL Ap 

-0.03 ±0.04 
0.086:!:0.002 
0.999 

8.2-24.7 

0.02±0.07 
0.014±0.001 
0_999 

740±30 
2.97 

770±30 
6.60 

102±4 
2.38 

Vit. E 

0.00±0.01 
0.24:!:0.01 
0.999 

0.60-1.7 

0.1:!:0.2 
0.049 :!:0.002 
1.000 

42±1 
2.95 

43±2 
5.38 

99±9 
5.68 

Placenta 

Vit. E 

-0.05±0.08 
1.70:!:0.05 
0.996 

0.5-3.0 

0.12±0.02 
0.0101±0.0001 
0.999 

27±2 
7.25 

27±1 
5.72 

101±8 
9.42 

Brain 

-0.07±0.06 
0.0118±0.0004 
0.992 

38±2 
4.52 

37:!:2 
7.03 

107±5 
7.11 
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·eplicas of 25. 50. 75. I 00, 150 and 200 µI samples 
)f the stock solution. prepared as described above 
md brought to 200 µI with ethanol. Sample linearity 
.vas tested in two replicas of 25, 50, 75, I 00 and 150 
:.i.l of tissue homogenates. All samples were brought 
.o 150 µI with phosphate buffer. 

Intra- and inter-assay precision was determined by 
Jrocessing two 6-sample series, of 50 µl of homoge-
1ate on different days. Standards were prepared from 
50 µI of the stock solution. 

Since concentration of vitamins in liver samples 
w1as higher, accuracy was evaluated processing two 
5-aliquot series of 25 µl of tissue homogenate, to 
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which 0, 12.5. 25.0. 17 .5 and 50.0 µI of the standard 
solution was added. For brain and placenta, 6 
aliquots of 50 µI were used and standard additions 
were of 0, 12.5, 25.0, 17.5. 50.0 and 75.0 µI. 

A standard curve processed as described above for 
linearity was processed simultaneously to sample 
aliquots with added vitamins to calculate recoveries. 
Results are expressed as percentage of -recovery. 

3. Results and discussion 

Validation results appear in Table 1 and examples 
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Fig. I. Chromatograms corresponding to (A) standards with UV detection; (B) standards with fluorescece detection; (C) liver tissue extract 
'.UV): (D) liver tissue extract (fluorescence). Peak identification: I: vii. A, 2: vit E, 3: vit. K, 4: vit Ap, 5: vit. A est. See conditions in 
iection 2.4 Seclion 2.5. 
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Fig. 2. Chromatograms corresponding to (A) standards; (B) placenta tissue extract; (C) brain tissue extract, all of them with fluorescenc 
detection. Peak identification: 2: vit. E, 3: vit. K. 

of chromatograms using standards and actual rat 
liver, brain and placenta extracts are shown in Figs. l 
and 2. Adequate separation of analyte peaks can be 
seen. Both standards and samples show a good 
linearity, with correlation coefficients over 0.99. In 
both cases, intra- and inter- assay precision and 
R.S.D. values are low enough for this type of 
analysis in which the analyte concentrations are 
below 0.01 %. In most cases, R.S.D. values are 
higher in inter-assay than in intra-assay as could be 
expected. The recoveries are between 94 and 107%, 
results that mean good accuracy for the method. The 
suitability of the internal standard has been probed 
because none of the analysed tissue samples had an 
endogenous peak of vitamin K that could interfere 
with the quantification of this exogenous compound 
and because vitamin K has both an intermediate 
chromatographic position and it is easily detectable 
both in UV and fluorescence. 

Among the methods reported for the separation 
and quantification of these vitamins, methodologic 
issues (linearity, inter- and intra-assay precision and 
recoveries) are not always fully evaluated, and 
sensitivity is normally lower than the one reported 
here. Our assay was adequate for tissue samples that 
weighed less than 50 mg including tissues poor in 
vi1 11in content as was the case for rat fetuses. while 
oth1.,r described methods require samples up to 2 g in 
mass [21]. 

Table 2 shows the results obtained with different 

tissues in the group of rats assayed. They wer 
similar to those already reported by other group 
[15,22-27] with the expected variability due ti 
breeds and diets. As ca.'l be drawn from these results 
the method is capable of measuring high and lov 
vitamin tissue content with a small degree of vari 
ation, that could be mainly attributed to anima 
variability. Concentration of vitamins A, Ap and I 
always appear lower in fetal than in maternal tissues 
which is due to the difficulty in crossing the placen 
tal barrier. 

The current method of tissue extraction and chro 
matography is technically straightforward, avoid: 
some of the potential and documented problemi 
using alkaline digestion, and permits the simulta
neous measurement of three related vitamins in ~ 

variety of tissues. Thanks to its high sensitivity thh 
method may be useful to other groups investigatin! 
the metabolism of vitamin E, free vitamin A anc 
stored vitamin Ap in experimental models. 

Table 2 
Vitamin (Vit.) A, Ap and E content in different rat tissues (nmol 
of the particular vitamin per g tissue) 

Tissue Vit. A Vit. Ap Vit. E 

Maternal liver 167.9:!:: I0.5 879.6±56.4 58.5:!::9.(i 
Placenta 33.2::t:4.8 

Fetal liver 5.4::!::0.5 13.(±0.5 5.9::!::0.5 
Fetal brain 8.8::!::0.6 

Results are means::!::S.E. for thirteen animals. 
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