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Important relationships between vitamin E
metabolism and the state of the liver have been
recognized in experimental animals, and there is
evidence to suggest that alterations in tocopherol
metabolism may occur in humans with liver
disease.

Diversion of bile from the intestinal tract by
chronic biliary fistula produces the typical muscu-
lar dystrophy and testicular atrophy of vitamin E
deficiency in dogs maintained on normal diets (1).
Presumably these effects are due to faulty absorp-
" tion of the vitamin, since feeding bile results in
improvement. Similar observations have been
made in the rat (2).

Massive necrosis of the liver, produced in rats
by diets low in cystine and high in cod liver oil, or
containing alkali-treated casein as the sole source
of protein, can be prevented by tocopherol ad-
ministration (3-7). The mechanism of this pro-
tective action is not known, but it does not appear
to be related to the usual vitamin E activity of
tocopherol, since the protective dose is many
times that required to prevent muscular dystrophy
and testicular atrophy (4). Gyorgy has sug-
gested that tocopherol may protect the liver by
neutralizing endogenous hepatotoxins which are
normally detoxified by methionine and cystine
(4). In this connection it is of interest that to-
copherol also protects rats against carbon tetra-
chloride poisoning (8), and recent work by Hove
(9) suggests that the toxic action of carbon tetra-
chloride on the liver and other tissues may be due
to an induced vitamin E deficiency. Tocopherol
may also have a bearing on hepatic function in
connection with its recognized influence on pro-
tein (10, 11), fat (7, 12, 13), carbohydrate (14)
and vitamin A (15, 16) metabolism.

1 Aided by a grant from the Fluid Research Fund,
Yale University School of Medicine.

The possibility of alterations in tocopherol
metabolism in patients with liver disease has re-
ceived little attention in the past. Recently, how-
ever, several investigators have reported low
plasma tocopherol concentrations (17, 18, 19) and
abnormally flat tolerance curves following the
oral'administration of tocopherol (17, 19) in some
cases of cirrhosis. Low concentrations of tocoph-
erol have also been reported in liver tissue in both
cirrhosis and obstructive jaundice (19). These
changes have been ascribed to faulty absorption
of vitamin E.

It is not known whether abnormalities in plasma
tocopherol have physiological significance in man.
Indeed no clear-cut evidence of vitamin E de-
ficiency has been demonstrated in man, with one
possible exception. Pappenheimer and Victor
(20) have found “ceroid” pigment, muscular dys-
trophy and testicular atrophy, suggestive of vi-
tamin E deficiency, in tissues obtained from pa-
tients dying of cirrhosis and non-tropical sprue,
conditions in which low plasma tocopherol levels
have been reported (18, 21).

The following investigation was undertaken as
part of a study of endocrine function in chronic
liver disease. Testicular atrophy (22; 23) and
gynecomastia (24, 25) are well recognized com-
plications of cirrhosis, and are generally considered
to be the result of hyperestrinemia (22, 24, 25), a
theory based on Glass, Edmundson and Soll’s re-
port of increased urinary excretion of estrogen in
cirrhosis (24). Efforts to confirm this work have
failed in this laboratory (26), so that other causes
for testicular atrophy and gynecomastia have been
considered. It seemed worthwhile in this con-
nection to explore the possibility that testicular
atrophy in cirrhosis might be the result of vitamin
E deficiency, and that gynecomastia might be sec-
ondary to tubular degeneration, as in Klinefelter’s
syndrome (27).
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TABLE 1

Relation of the plasma tocopherol level to age and to the serum cholesterol concentration

1529

46 Myocardial infarction 54
80 | Paraplegia, post-polio. 17
35 Neurosyphilis 64

Controls Liver disease
No. Diagnosis Age Tocopherol No. Diagnosis Age Cholesterol | Tocopherol
yrs. mg. per cent yrs. mg. per cent | mg. per cent
1 Duodenal ulcer — 0.35 48 Laennec cirrhosis 39 277 0.29
2 Duodenal ulcer 44 0.35 49* | Laennec cirrhosis 47 — 0.54
3 Relapsing pancreatitis 41 0.36 50 Infect. hepatitis 46 280 0.54
4 Psychoneurosis 51 0.37 51 Laennec cirrhosis 59 — 0.58
5 Psychoneurosis 21 0.41 52 Laennec cirrhosis 60 166 0.59
6 | Latent syphilis 26 0.46 51 Laennec cirrhosis 59 — 0.60°
7 Bleeding peptic ulcer 49 0.57 53 Laennec cirrhosis 31 182 0.62
8 ? G.I. malignancy 86 0.58 54 Laennec cirrhosis 38 191 0.67
9* | Bronchial carcinoma 56 0.72 52 Laennec cirrhosis 60 — 0.68
10 Sprue, remission 38 0.75 55 Laennec cirrhosis 31 — 0.69
11* yocardial infarction 38 0.75 56 Laennec cirrhosis 32 170 0.70
12 Unknown — 0.78 5§7* | Laennec cirrhosis 33 219 0.71
13* | Seborrheic dermatitis 35 0.79 54 Laennec cirrhosis 38 — 0.72
10 | Sprue, remission 38 0.79 56 Laennec cirrhosis 32 — 0.76
14 | Multiple sclerosis 22 0.79 58 Laennec cirrhosis 65 — 0.78
10 Sprue, remission 38 0.80 59 Infect. hepatitis 55 — 0.79
15 Pulmonary emphysema | 71 0.81 60* | Laennec cirrhosis 53 168 0.84
16 Duodenal ulcer — 0.82 61 Laennec cirrhosis — — 0.84
17 Mpyocardial infarction — 0.84 62 Laennec cirrhosis 50 — . 0.85
18 | Pneumonia 37 0.84 59 Infect. hepatitis 55 — 0.88
19 Bleeding pegtic ulcer 30 0.87 63 Laennec cirrhosis 48 126 0.88
20 | Congenital heart dis. 22 0.94 60* | Laennec cirrhosis 53 88 0.90
21 Cerebral hemorrhage 63 0.94 64 Laennec cirrhosis 43 191 0.95
22 Psychoneurosis — 0.94 54 Laennec cirrhosis 38 — 0.96
75 Epilepsy — 0.94 Laennec cirrhosis 48 172 1.01
76* | Hypertension — 0.96 65* | Laennec cirrhosis 27 212 1.02
77 Heart disease — 0.97 66* | Infect. hepatitis 38 242 1.02
23 Multiple sclerosis — 0.97 67 Laennec cirrhosis 48 170 1.05
24 Myocardial infarction — 0.98 53 Laennec cirrhosis 31 — 1.13
25 | Syphilis 29 1.02 68 Subacute hep. necros. 75 113 1.13
26 Unknown — 1.02 69* Laennec cirrhosis 43 195 1.16
27* | Asthma 36 1.03 70 Laennec cirrhosis 36 162 1.16
28 Pneumonia 51 1.05 71 Obstr. jaund. (stone) 47 288 1.17
29 | Syphilis 28 1.05 58 Laennec cirrhosis 65 — 1.19
30 Diabetes, hypertension 71 1.09 69* | Laennec cirrhosis 43 — 1.20
31* | Thrombophlebitis 43 1.12 72 Laennec cirrhosis 55 360 1.22
32* | Myocardial infarction 50 1.12 70 Laennec cirrhosis 36 — 1.23
33 Psychoneurosis 42 1.13 73 Laennec cirrhosis 35 — 1.29
34 | Duodenal ulcer 31 1.17 74* | Laennec cirrhosis 44 255 1.40
78 | Multiple sclerosis — 1.18 70 Laennec cirrhosis 36 190 1.41
35 Neurosyphilis 64 1.20 74* Laennec cirrhosis 44 257 1.52
36 | Pneumonia — 1.21 62 Laennec cirrhosis 50 — 1.60
37 | Cerebral hemorrhage — 1.24 69* | Laennec cirrhosis 43 — 1.70
gg‘ l?)godgnal ulcer 22 lgg
rain tumor .
40 Myo?:ardil:zl infarction 64 } 35 t Mean tocopherol = 0.95 & s.d. 0.32 mg. per cent.
41 Rheumatic fever 35 1.40
42 Unknown — 1.42
43 | Syphilis 54 1.42 .
44* | Latent syphilis 41 1.46
79 Multiple sclerosis 38 1.47
40 Mpyocardial infarction 64 1.48
45 Congenital syphilis .28 1.48
1.60
1.64
1.73
2.01

oN

47 Spont. pneumothorax 24

t Mean tocopherol =1.02 = s.d. 0.37 mg. per cent.

* Females.

t Difference between means not statistically significant (t = 1.00, P > 0.20).

Normal healthy adults had the following distribution of values:
0.75-0.99 mg. = 4, 1.00-1.24 mg. = 11, 1.25-1.49 mg. = 3, 1.50-1.74 mg. = 3, 1.75-1.99 mg. = 1, and

2.00-2.24 mg. = 1.
Mean—1.23 & 0.31 mg. per cent.

Comparison of frequency distributions based on three groupings (0.24-0.74, 0.75-1.49 and 1.50-2.25 mg. per cent);
normals differed significantly from hospitalized controls (chi-square = 7.37, P = >0.02, <0.05), and from liver disease
subjects (chi-square = 10.17, P = <0.01); liver disease subjects did not differ significantly from hospitalized controls

(chi-square = 3.04, P = >0.10).
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The objectives of this preliminary investigation
were: 1) to study the effects of liver disease on
the plasma tocopherol level, and 2) to determine
whether there is a defect in tocopherol absorption
or utilization in liver disease.

METHODS

Subjects. Three groups of subjects were studied: a)
23 normal healthy adults (physicians, nurses and techni-
cians between the ages of 20 and 40), b) 57 hospitalized
patient-controls, who were convalescent from a variety
of diseases, and ¢) patients with liver disease (Table I).

Individuals with a history of liver disease in the past,
or of any recent illness, were excluded from the normal
healthy group. Subjects exhibiting abnormalities of
hepatic function or any degree of hepatomegaly were ex-
cluded from the hospitalized control group. In the liver
disease group the diagnosis was confirmed by needle bi-
opsy, and a series of liver function studies were carried
out within a few days of each tocopherol tolerance test.
In a few instances the serum cholesterol determination
was delayed up to a week.

Diets. The normal healthy adults were on uncon-
trolled, self-chosen diets. All the hospitalized controls
were on the routine hospital diet at the time of investi-
gation. In the liver disease group, the cirrhotics were
on a previously described experimental, maintenance diet
of 1 gm. of protein and 30 calories per kg. of body weight
without vitamin or lipotropic supplements (28), while
the subjects with hepatitis and obstructive jaundice re-
ceived a high-protein, high-caloric diet, which, in some
instances, was poorly eaten.

Experimental procedure. Plasma tocopherol concen-
tration was determined on oxalated venous blood by a
modification of the Quaife and Biehler method (29, 30).

The tests of hepatic function employed have been de-
scribed elsewhere (28).

Tocopherol tolerance tests were carried out as follows:
a fasting blood specimen was drawn in the early morn-
ing, the appropriate dose of tocopherol was then adminis-
tered by the oral or intramuscular route, and the subject
was allowed to eat his regular meals. Blood samples
were drawn 3, 6, 9, 12, 24, 36, 48, and in some instances,
72 and 96 hours later. The 24, 48, 72 and 96-hour speci-
mens were also drawn in the fasting state.

To measure the spontaneous fluctuations and those due
to the diet, plasma tocopherol concentrations were de-
termined at intervals for a period of 24 hours in subjects
who had not received tocopherol.

The following forms of tocopherol were administered:
a) dl-alpha-tocopheryl acetate,2 500 mg. orally, b) d-
alpha-tocopheryl di-sodium phosphate, 500 mg. orally
(714 mg. of a preparation 8 containing 70 per cent pure

2 Ephynal acetate, obtained through the courtesy of Dr.
R. J. Floody, Hoffmann-LaRoche, Inc., Nutley, N. J.

8 Obtained through the courtesy of Dr. P. L. Harris,
Distillation Products, Inc.,, Rochester, N. Y.
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d-alpha-tocopheryl di-sodium phosphate), ¢) dl-alpha-
tocopherol,* 500 mg. in 1.0 cc. sesame oil intramuscularly,
and d) dl-alpha-tocopheryl acetate in an aqueous emul-
sion 5 (stabilized with a mixture of Tweens and contain-
ing dispersed particles, 93 per cent of which were less
than 14 microns in size), 500 mg. in 2.5 cc. of water in-
tramuscularly. Taking the differences in molecular
weight into account the acetate ester contained 457 mg.,
and the phosphate ester 388 mg. of tocopherol per dose.

RESULTS

Fasting plasma tocopherol level. The mean
plasma tocopherol concentration was 1.23 =0.31
mg. per cent in the normal healthy adults, 1.02 =
0.37 mg. per cent in the hospitalized controls and
0.95 =% 0.32 mg. per cent in the liver disease group.
The concentration in the liver disease group was
significantly lower than in the normal healthy
adults, but it did not differ significantly from that
in the hospitalized controls (Table I).

The range of values observed in all three groups
was wide: 0.89 to 2.00 mg. per cent in the healthy
adults, 0.35 to 2.01 mg. per cent in the hospitalized
controls, and 0.29 to 1.70 mg. per cent in the sub-
jects with liver disease. However, the range and
distribution of values in the liver disease group
were significantly wider than in the normal healthy
adults, but they did not differ significantly from
those in the hospitalized control group (Table I).

Almost identical values for normal adults have
been reported by Quaife and Harris (29). Slightly
lower concentrations have been found by others
(17,21, 31). It may be of significance in this con-
nection that Engel (32) found the average plasma
tocopherol concentration in Holland to be 0.80
mg. per cent. Following the continuous adminis-
tration of doses up to 120 mg. of alpha-tocopheryl
acetate daily the plasma concentration rose to 1.20
mg. per cent, but did not exceed this level, sug-
gesting that lower levels may reflect a low dietary
intake of tocopherol. The differences observed
between young healthy adults and randomly se-
lected hospital patients confirm the findings of
Lemley and her associates (33).

The plasma tocopherol level was reduced as
inconstantly in infectious hepatitis as it was in
cirrhosis (Table I), in accord with the report of

4 Obtained from Merck and Company, Rahway, N. J.
5 Obtained through the courtesy of Dr. A. E. Osterberg,
Abbott Laboratories, N. Chicago, Ill.



1531

*$33NUIM GF I8 PAUTULIANAP sanjea Joyio ‘(*3y 1ad 3w ) uondafur 2Ap Buimo[joj saynuiul (¢ 1B UONUIIY |
*SAEp [e19A3S 10} A[SNOUIABIIUT UIWN(][E WNIIS I3V ,

PLASMA TOCOPHEROL CONCENTRATION IN LIVER DISEASE

—_ - 79°¢ 88T 0z'9 0Lt 0T 0/0 {912 | 89'0 A\ 1o ur "IN°I 000 0L'7 sisoyuy (69
- — — - — — ot ¥/ ¥'es | 66°C 19°0 1o ut "IN°'I 0S°0 09°'1 sisoyuy | 79
8¢ LST e ov'e L19 9's - - 19 | ¥6'1 6%°0 aee [BIQ | €I°T (A sisoyLIy |y
134 061 Lo’e Lt ¥8'S 6 — - s | 9S°IT | 8€°T — — S sisoyy | 0L
1s 1374 69°¢ $0°C eL’s — 0'¢ ¥/¢ — 98y ¥6'1 ‘ydsoyd [e1g | 0Z°0 0¥l sisoyLy | yL
- — 0Tt oLy 069 6'9 (1)1 — 00 00 ST'1 9)EJDE [BIQ | 620 6C'1 siIsoyly | €4
— 09¢ — — 08°L L'y L'y - 091 | 0L'C STl 9jeINE [BI) | 0F'0 (1A sisoyLy | 74
— — yLe L' 1§°S — S'9 /€ looy | vL'€ LUt 9)E130E [BI) LLo 61'1 sisoyuy | 8§
as 887 61'¥ £e'e sL L'9¢ 0l ¢/t — ST'9T | 08’8 93B3 [BI0 £€°0 L1'T  [owpunel-isqQ | 1/
(44 91 8S°¢ e SL'S 6'¢ 0's 0/0 fzoy | sty $8°0 o ut *IN°'[ $0°0 I’y sisoyuy - QL
[4% S61 SL'Y Lt 0L al 0T 0/0 09¢ | 850 L0°0 91e3308 [BIQ €0 91’1 sisoylIy (69
YL €11 £v'e 97 $0'9 08 4 y/¢ §'¢9 | 10°1C | 0¢°L 31e3308 [BIQ $8°0 €1'T | sisoxdu "doy | 89
€€ 0Ll Sy 8Y'1 €0'9 — 00t y/¢ oSy | 06T 040 aede [vlg | F0'T SO°'1 sisoyLy | L9
6S e 8T'¢ ST'e €69 9'1¢ 0¢ ¥/¢ — T | 69°C1 are3a0e [RIQ £0°0 't sunedsy | 99
19 (444 Lty 09°¢ L8°L 6'S s'e 0/0 s 68°0 170 — — (A1} sisoyuy | §9
1€ [42¢ £6'C L0'¢ 009 — 0’1 A 1oy Lo ¥1'o deja0e [BIQ | 660 101 sisoqy | €9
- — - - 0S°S (%4 S'1 - STy | S6'C SE'1 areE [BI) | €T°] 96°0 sisoquIy | S
—_ 161 — — — €'e 0¢ 1/0 00 08°0 0’0 ‘ydsoyd [eiQ L0 $6°0 stsoyly (- 9
6¢ 88 68V (x4 6T°L [ S'¢ 0/0 8L 'l 170 9)B3VE [BIQ | 0€°0 060 sisoyuy | 09
(113 91 LLe 6T 69'S — 0t /1 — 670 (1] 5] aejRe [BIQ [ €570 88°0 sisoqy | €9
—_ - 6£°¢ ¥'e 08’9 L'L 00 vy i6°LS .| €6'8 o'y 1o ut *IN°'[ €0 88°0 snneday | 65
— — —_ — - — — 1044 0'0C | 601 €0 3383308 [B1) S¥'1 S8°0 stsoyuy (79
— — — — — — — — — §S°C ST'1 1o ut *JIA°[ 8T°0 ¥8°0 sisoyuy | 19
(113 891 £8'¥ S1°T 86'9 (44 0¢ 0/0 184 88°0 y1°0 110 ut *JA°'I Lo 80 sisoyuy (09
- - 6€°¢ '€ 089 L (1N ¥/€ ¢l | 8T 11°¢ | uols[nw “JA°[ S€'0 6L0 snneday | 65
—_ — ov's el LLo - (189 ¢/e 0'8C | 06'1 SO°'T J1o Ut *JA°I Lo 8L°0 sisoqLiy | §S
— - — - — — - — — 091 0’0 ejade jei) | 98°( 9.0 siIsoyuy | 9§
— - - —_ — — — — — |ogo | o010 o urw'l | 270 Lo SISOYI) | $S
(43 61T 9L'E £V 619 €1l Sy 1755 01T | LE'V | 0EC — — 110 sisoqaaty | LS
- oLt - - - — — — — 1090 ['0z0 | "ydsoyd[e:0 | 90 040 sisoqia) | 99
—_ — - - - s'e 0¢ y/- 0'st | 07’0 07°0 [ro ut “IN°[ o 69°0 sisoqay | 6§
—_ 161 — — — 6'v (17 /- 079 | SL'9 09y “ydsoyd [eIQ 171 L9°0 sisoyuy | y§
s¢ 81 8L'¢ e S6°S it 01 0/o 9'¢e | €8°1 L9°0 | uoisnuL “IN°'[ 8¢€°0 90 sisoyuy | €9
— — — — — — — — — $8°0 00 ‘ydsoyd 810 | ¥¥°0 09°0 sisoyuy (- §§
(114 991 1T°€ | +8S°¢ 6L'9 LS 09 744 69¢ | 90°¢ €0 9BINE [BIQ |  €9°0 6S°0 sisoyuy | 7§
— — — — — — — — - 00°'IT | 00 ae0e [BI0 | 000 86°0 sisoqdy | IS
[49 08¢ £9°¢ 9T'e 689 611 o'rr 1754 - 1T°L LS°¢ — - 50 snneday | 0§
= LT — — — — — - — — — ‘ydsoyd [e1Q | ¥¥°0 620 sisoya) | 8
10101 U U2 U7 U sppun spsun "4y gp/ 4y p2 | 1422 43¢ U2 1 U2 429
Jo 1122 43¢ 43¢ 3w 49¢ ‘w3 | 49¢ ‘w3 | 43¢ ‘w3 | Kysuopog 424 ‘3w | 49¢ ‘3w 43¢ 3w 494 ‘3w
[032383[0YD> 10193 uy| uut urjoxd | aseyeydsoyd AN uonjenodoy | uon uiqnaiq | uiqnaiq paiajsiujwipe [013ydoo03 | [013yd0d03}
wniss -83[0Yd -nqoj3 -nqe wnias auppeye -p1qiny | [019383[0Yd | -uda2 wnias wnias 1013ydooo3 ewseld ewse[d sisouselq 303(qng

R1g wnRg wnig wnRg 1801, wnig owAyy | -ueyda) dsg jelol | 9nuiw-g JodAy S "Xe Bupsey

4901) 2y1 fo snyvys pouonIuUnS ayy 0f 12091 1044¢030] VusSIG Y3 fo UO¥DIY

11 974vVL



GERALD KLATSKIN AND WILLARD A. KREHL

1532

*SAINUIW G I PIUTULIAIP sanjea 1ay3o ‘("3 Jod Sw ¢) uonoafur 94p Surmoljoj ssynuiw O¢ I8 UOHUANY |
‘[0194d0503 3urA1a0a1 J0u dnol3 Jy3 Jo SUBAW JY) JO UOIIBIAID PIEPUEIS Y3 01M} UBY) 1918213 a1om A9y udym juedyruls se papsedal a1am saduey) ,

¥y 0'0C | 60T - 68°0
1743 ¥es | 66°C - 091 - pasea1da( |paaosduif | Qf (AY
(44 91 8S°€ | LI'T | SL'S 6'¢ - - fzoy | sty - or't
154 061 Lo'e | LL'T | ¥8°S 6 — - y'se | 9S°IT - (84 - pasea1dd(q [paaoiduwif| ¢ 0L
8¢ LST e | ove | L19 — - - — ¥6'1 €Tl (49
1$ §ST 69'¢ | YO'C | €L°S - - — - oSy 00 (A paseasou] (padueyou() (pasoidurf| 6] 17
ov'S | LET | LL9 - 0'S /¢ 0'8C | 061 - 8L°0
YLE | LLT 157 - S'9 753 ooy | v - 61'l - pasealdd(q |pasoidwy | 8S
79'¢ | 8§°C | 0C9 0°L1 0T 0/0 19’1z | 890 - 0Ll
SL'Yy | LTT | TO0L vt 0T 0/0 09¢ | 850 - or't - paseasou] [pasoxdwy| g1 69
0¢'0 - Lo
$6'C — 96'0 — paseaia(] [pasoxdwif | ST | ¥S
0¢ 891 €8'% | SI'T | 869 — 0¢ 0/0 - 88°0 - ¥8°0
6¢ 88 68'%v | OV'C | 6TL - S'e o/o - 'l - 060 - padueyouq) [paaoadwy| 6 09
1€ Ll £€6'C L0’€ | 00°9 - 01 1A - Lo 660 10°1 _
0¢ 971 LL'T | T6T | 69°S - 01 e/t - 60 £5°0 88°0 paseasou] | paseasou] |pasoidwy | g¢ €9
'L (184 /¢ T | 8TV - 6L°0
L 0°0C 144 l6'Ls £6'8 - 88°0 - padueyou() [paaosdwy| 4 6S
09°1 98°1 9L°0
090 | $90 0,0 | peseanu] [padueypun | sI0M| 6 9s
Ty 'l Z- STy | S6'C €Ul 960
6¥ oy ¥~ | 079 | SL9 171 190  [peBueyoup) | paseasdu] ipaaciduiy| 6 ts
$8°0 144" 09°0
0011 00°0 8S°0 paseasou] |padueyou() [pasocadwiy | OZT s
10101 mas 112> iz 12 spun sppun |4y gp/ 4y 2 12> U7 M2 skop
Jo 14 2G| 43¢ ‘Fw 40 ‘wl | 4o¢ ‘w3 | 42d ‘w3 | Kysuvpog 1u22 43¢ | 43¢ ‘3w 43¢ ‘3w 43¢ 3w
*A[reso
{0133 10193 uy ww | u@01d g An | uorrernaooy uop | uiquiq | [0194d0d03 | [019ydod0 Smwunouoa *[243] oA 63593
-89[0yd -83[oyd .snmv__u -:m__a wnies .M...__nmosu -piqing _&uumo_oﬁ_w .=3.wh nies | ! a:._wa_a ! a:moa_a ? uu_.s%%mu _omw_w_%aomo« j0 m:a..._xa usam3aq .Mo.wm
ECIE wniag wnpg | wnidg | elol E.waw_m [owAyyp | -uireyda) dsg el | ssucxep | Sunseyq _omﬂﬁw_omo« uuﬁma_ ¥ [Euoruny |[easajuf
98 "Xe

uoppunf 2310day ut sa3uvY? 01 1049Y¢0201 Pa4ISIUMUPD K11D40 FUrMOYIOS 25UOGSI4 Y7 PUD 1203] 104940207 DUSDIG Y7 Jo UOKDITY
11 18VL



PLASMA TOCOPHEROL CONCENTRATION IN LIVER DISEASE

Popper and his associates (19). The only obser-
vation on a patient with obstructive jaundice in
this series fell within the normal range. There are
conflicting reports of both high (19) and low (21)
values in this condition.

Factors which may influence the plasma tocoph-
erol level. No significant correlation could be
demonstrated between the plasma tocopherol con-
centration and the functional status of the liver,
judged by the results of liver function tests (Table
IT). Similarly, in serial observations on individual
subjects, alterations in hepatic function were not
uniformly reflected in plasma tocopherol changes
(Table III), further emphasizing the independence
of these two variables.

Popper and his associates (19) found that the
presence of jaundice, either as complication of
cirrhosis or as a manifestation of biliary obstruc-
tion, resulted in an increase in plasma tocopherol.
In the present study there appeared to be no re-
lationship between the presence of jaundice and
the plasma tocopherol level. It is evident from
the data in Table II that the serum bilirubin and
plasma tocopherol concentrations varied inde-
pendently, and that if the serum alkaline phos-
phatase level can be taken as an index of intra-
hepatic obstruction or regurgitation (34), there
was no correlation between the plasma tocopherol
level and the degree of biliary obstruction.

Neither age nor the serum cholesterol concentra-
tion appeared to be a significant factor in deter-
mining the plasma tocopherol level (Table I).
These results differ from those of Lemley and her
associates (33) who found a significant positive
correlation between plasma tocopherol and age,
and from those of Darby and coworkers (21) who
found a similar correlation between plasma to-
copherol and serum cholesterol concentration.
However, the small number of subjects in the
present series whose age fell outside the 30 to 60
year range and whose serum cholesterol concen-
tration was significantly elevated may have
masked the slight degree of correlation reported
by others. _

Fluctuations in the plasma tocopherol level.
The spontaneous fluctuations throughout a 24-
hour period for a group of hospitalized controls
and liver disease subjects are recorded in Table
IV. The diets employed appeared to have little
effect on the plasma tocopherol concentration, and
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TABLE IV

Fluctuations in the plasma tocopherol level related
to the ingestion of food *

Subject | 8a.m. [11a.m.|2 p.m.| Sp.m. | 8 p.m. | 8 a.m. | Mean
Controls

mg. per | mg. per | mg. per | mg. per | mg. per | mg. mg. per
cent cent cent cent cent cent cent

8 0.58 | 0.74 | 0.62 | 0.60 | 0.71 | 0.62 | 0.65
12 0.78 | 0.76 | 0.76 | 0.72 | — — 1 0.76
17 0.84 | 0.82 | 094 | 0.91 | 0.86 4 | 0.89
24 098 | 0.88 | 092 | 0.74 | 0.84 | 1.00 | 0.89
25 1.02 | 096 | 097 | 091 | 0.90 .9. 0.95
26 1.02 | 0.68 | 0.70 | 0.82 —_— _ 0.81
36 1.21 | 1.28 | 1.42 | 1.41 | 1.30 20 | 1.30
37 124 | 1.20 | 1.04 | 1.28 | 1.31 | 1.20 | 1.21
42 142 | 1.50 | 1.63 | 1.63 —_ —_— 1.55
43 142 | 1.24 | 140 | 1.02 | 1.04 | 1.21 | 1.22

Liver disease

49 0.54 | 0.5 0.60 | 0.61 | 0.57 | 0.59
50 0.54 | 049 | 0.42 | 0.48 | 0.54 | 0.60 | 0.51
57 0.71 ] 0.74 | 0.80 | 0.85 | 0.77 | 0.78 | 0.78
65 1.02 | 1.10 | 1.14 | 1.12 | 1.04 | 0.99 | 1.07

Standard deviation of the observations in the
group = =£0.09 mg. per cent.} :

* Diets served at 8 a.m., 12 noon, and 5 p.m.
t _ /Sum of (deviations from the mean of each subject)?
Sum of (n — 1 for each subject) )

the two successive fasting specimens (the initial
and the 24-hour) in each subject remained remark-
ably constant. The standard deviation of obser-
vations within the group as a whole was * 0.09
mg. per cent. In the following experiments fluc-
tuations in plasma tocopherol concentration
smaller than twice the standard deviation were
regarded as insignificant.

Plasma response to the administration of tocoph-
erol. The oral administration of 500 mg. of dI-
alpha-tocopheryl acetate resulted in a significant
rise in plasma tocopherol concentration in all of
the hospitalized controls and in all but four of the
liver disease subjects. There was a wide range
and considerable overlapping of values in both
groups, but the mean rise in the liver disease
group was significantly lower than in the hospital-
ized controls (Table V).

Similar increases in plasma tocopherol have been
reported in normals following single large doses
of orally administered tocopherol (17, 19, 29),
and, in general, the curves obtained have resembled
the control curve illustrated in Figure 1.
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Relatively few tocopherol tolerance curves have
been reported in liver disease. The curve obtained
by Steinberg (17) in a cirrhotic coincides with
that illustrated in Figure 1. The responses in the
five cirrhotics studied by Popper and his associ-
ates (19) were very irregular, two subjects show-
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ing a relatively normal and three a definitely dimin-
ished rise in plasma tocopherol concentration. The
number of observations on each subject, however,
was too small to warrant any comparisons based
on the contour of the curves. In the one subject
with obstructive jaundice that these investigators

TABLE V
The plasma tocopherol level following the oral administration of 500 mg. of dl-alpha-tocopheryl acetate
Hours
Subject Maximum rise
] 3 6 9 12 24 36 48 72 96
Controls
mg. per mg. per mg. per mg. per mg. per mg. per mg. per mg. per mg. per mg. per mg. per
cent cent cent cent cent cent cent cent cent cent cent hours

2 0.35 0.87 0.69 0.37 0.62 0.58 0.59 0.43 0.56 0.73 0.52 3
3 0.36 1.29 2.15 0.86 0.39 0.16 0.01 0.60 0.35 0.21 1.79 6
4 0.37 0.34 1.90 2.13 0.87 0.66 1.54 1.40 1.17 1.13 1.76 9
5 0.41 0.69 1.53 — 1.61 0.72 0.95 —_ 0.49 0.79 1.20 12
6 0.46 0.64 0.82 0.77 0.63 0.56 0.90 0.67 0.41 —_ 0.44 36
7 0.57 1.17 0.75 0.68 0.59 | 0.69 0.81 0.71 0.93 —_ 0.60 3
9 0.72 1.77 1.62 1.62 2.51 2.60 1.67 1.53 1.58 —_ 1.88 24
13 0.79 1.98 1.74 1.78 1.93 —_ 1.71 .1.66 1.65 —_ 1.19 3
14 0.79 0.88 1.26 —_ 1.50 1.35 1.23 1.46 0.90 —_ 0.71 12
15 0.81 0.96 1.29 2.25 2.10 1.89 | 2.14 1.16 1.07 —_— 1.44 9
19 0.87 1.40 0.53 0.83 1.28 0.26 0.31 — 0.83 0.09 0.53 3
27 1.03 1.33 1.73 2.70 2,07 1.93 1.42 1.35 _ _— 1.67 9
28 1.05 1.07 1.65 2.26 3.09 4.30 — — —_ —_ 3.25 24
31 1.12 1.16 1.50 1.62 1.40 1.32 1.17 1.12 — — 0.50 9
33 1.13 1.63 2.55 2.46 1.53 1.55 1.66 1.28 1.31 1.78 1.42 6
34 1.17 1.08 1.73 1.49 1.05 0.96 1.32 0.68 1.08 —_ 0.56 6
40 1.35 1.28 2.35 3.20 — 4.98 —_ —_ —_— _ 3.63 24
41 1.40 1.21 1.18 1.43 1.06 1.44 1.35 1.19 1.21 —_ 0.04 24
- 45 1.48 1.47 2.96 3.14 2.70 1.48 1.63 1.82 1.98 -_ 1.66 9
46 1.60 1.72 2.81 2.38 2.25 1.95 2.10 2.18 2.25 —_ 1.21 6
35 1.73 | 2.2§ 2.66 —_ _ 3.24 —_ _ _ — 1.51 24

Mean 0.93 1.25 1.69 1.78 1.54 1.63 1.25 1.20 1.11 0.79 1.31*

=s.d. 0.41 0.45 0.69 1.05 0.76 1.26 0.56 0.47 0.53 0.47 0.87
Liver disease

51 0.58 0.56 0.56 0.54 0.39 0.51 0.51 0.51 0.45 - 0.00 —_
52 0.59 0.85 —_ 1.20 1.22 1.04 0.66 0.77 1.20 —_ 0.63 12
56 - 0.76 1.11 2.62 2.19 2.14 191 1.92 1.67 . 1.05 1.86 6
62 0.85 0.95 2.30 1.87 1.60 —_— — —_ — — 1.45 6
63 0.88 091 1.41 1.18 1.07 1.07 — — 1.01 — 0.53 6
60 0.90 0.78 0.90 — 0.95 1.20 — —_ — — 0.30 24
54 0.96 1.25 1.04 0.92 0.98 0.87 2.09 — 0.68 0.87 1.13 36
63 1.01 1.35 2.00 (. 1.82 1.60 1.54 1.18 1.50 1.48 — 0.99 6
66 1.02 0.86 0.84 0.84 _ 0.79 _— 1.05 1.05 _ 0.03 48
67 1.05 1.30 1.44 1.50 1.43 2.09 1.21 1.64 0.81 — 1.04 24
68 1.13 1.42 1.98 1.44 1.63 1.65 — — —_ —_— 0.85 6
53 1.13 0.90 0.79 .0.88 0.90 0.85 0.89 0.99 1.05 —_ 0.00 —
69 1.16 1.44 0.72 —_ 1.48 1.24 —_ — —_ — 0.32 12
71 1.17 1.50 1.50 1.41 —_ 1.35 1.35 1.28 1.12 —_ 0.33 3
58 1.19 1.02 1.50 — 1.41 1.96 — —_ — —_ 0.77 24
72 1.22 1.24 1.18 1.35 1.43 1.62 1.22 1.35 1.53 — 0.40 24
70 1.23 1.31 1.44 1.56 1.93 2.12 — — — — 0.89 24
73 1.29 1.35 1.40 1.22 1.35 1.35 1.35 1.35 1.58 — 0.11 6
74 1.52 -— — 2.11 2.55 2.65 2.37 —_ —_ —_ 1.13 24

Mean 1.03 1.12° 1.39 1.38 1.42 1.43 1.35 1.21 1.11 0.96 0.67*

+s.d. 0.23 0.27 0.56 0.45 0.49 0.55 0.56 0.36 0.34 0.09 0.51

* Difference between means statistically significant (t = 2.82, P < 0.01).
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studied there was a small but significant increase
in plasma tocopherol following 1,500 mg. of dl-
alpha-tocopheryl acetate orally. In the present
series the one subject with obstructive jaundice
(subject 71, Table V) showed a similar small but
significant increase following the administration of
only 500 mg. of the same material.

In an attempt to elucidate the difference between
the tocopherol tolerance curves observed in the

control and liver disease groups, tolerance tests
were carried out in six liver disease subjects with
orally administered d-alpha-tocopheryl di-sodium
phosphate (Table VI). It seemed possible that the
relatively flat curves in liver disease might be due
to a faulty absorption of dl-alpha-tocopheryl ace-
tate related to its fat-solubility. If this were so,
the oral administration of a water-soluble ester
of tocopherol, such as the phosphate, might be ex-

TABLE VI

The plasma tocopherol level following the oral administration of 500 mg. d-alpha-tocopheryl di-sodium
phosphate to subjects with liver disease

Hours
Subject Maximum rise
0 3 6 9 12 24 36 48 72 96
mg. per | mg. per mg. per mg. per mg. per | mg. per mg. per mg. per mg. per mg. per mg. per
cent cent cent cent cent cent cent cent cent cent cent hours
48 0.29 0.47 0.68 0.55 0.70 0.77 1.02 0.77 0.99 0.75 0.73 36
51 0.60 0.79 0.77 0.96 1.04 0.73 0.90 0.96 0.80 0.91 0.44 12
54 0.67 0.80 0.71 0.72 0.55 0.50 0.80 1.34 — 1.88 1.21 96
56 0.70 0.71 —_ 0.72 0.69 0.94 1.04 1.35 0.97 1.00 0.65 48
64 0.95 1.06 0.97 0.79 1.22 1.13 0.82 0.59 0.86 1.18 0.27 12
74 0.40 — 1.60 1.40 1.45 1.35 —_ 1.42 — — 0.20 6
Mean 0.77 0.77 0.95 0.86 0.94 0.90 0.92 1.06 0.91 1.14 0.58*
=+s.d. 0.34 0.19 0.34 0.27 0.32 0.28 0.10 0.37 0.08 0.39 0.34

* Difference between means for maximum rise in plasma tocopherol following oral administration of dl-alpha-
tocopheryl acetate and phosphate in liver disease not statistically significant (t = 0.45, P = >0.90).
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pected to yield normal plasma tocopherol curves in
subjects with liver disease. Such was not the case,
for the maximum rise in plasma tocopherol fol-
lowing the phosphate (0.58 £ 0.34 mg. per cent)
did not differ significantly from that observed fol-
lowing the oral administration of acetate (0.67 %
0.51 mg. per cent). All six of the subjects receiv-
ing the phosphate but only 15 of the 19 receiving
the acetate exhibited a rise in plasma tocopherol.
However, this difference proved to have no statis-
tical significance (chi-square = 1.50, P = > 0.20).
The results of this experiment cannot be regarded
as conclusive, since the phosphate ester adminis-
tered contained only 85 per cent as much tocoph-
erol as the acetate ester, taking differences in mo-
lecular weight into account. Unfortunately, due
to the limited supply of material available, it was
not possible to repeat these experiments with
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larger amounts, nor to study its effects in normal
and hospitalized control subjects.

The results of the oral tocopherol tolerance
tests suggested that there was a defect in absorp-
tion or, possibly, an increased destruction of to-
copherol esters in the intestinal tract of subjects
with liver disease. To exclude other possible ex-
planations for the relatively flat plasma tocopherol
curves observed in liver disease, the effects of
parenterally administered tocopherol were studied
in the hope that differences in the curves due to
alterations in intestinal absorption or destruction
could be eliminated. Unfortunately, the results
of these experiments were equivocal, largely be-
cause the two forms of tocopherol available for
parenteral use appeared to be poorly absorbed from
the muscles.

Following the intramuscular injection of 500

TABLE VII
The plasma tocopherol level following the intramuscular injection of 500 mg. dl-alpha-tocopherol in sesame oil
Hours
Subject Maximum rise
1] 3 6 9 12 24
Controls
mg. per cent mg. per cent mg.‘ per cent mg. per cent mg. per cent mg. per cent mg. per cent hours
16 0.82 0.94 0.98 1.11 1.08 1.14 0.32 24
22 0.94 0.89 1.21 1.42 1.30 1.40 0.48 9
75 0.94 1.58 2.10 1.02 0.93 1.02 1.16 6
76 0.96 1.05 1.13 1.18 1.13 0.93 0.22 9
77 0.97 1.16 1.88 1.56 1.30 1.12 0.91 6
78 1.18 1.43 1.62 . 1.53 1.27 1.33 0.44 6
35 1.20 1.50 1.75 2.72 1.84 1.62 1.52 9
79 1.47 1.74 1.88 1.19 1.28 1.45 0.41 6
40 1.48 1.61 1.27 1.29 1.50 1.35 0.13 3
80 1.64 2.02 1.56 1.30 1.28 1.47 0.38 3
Mean 1.16 1.39 1.54 1.43 1.29 1.28 0.60*
sd.+ 0.27 0.36 0.35 0.47 0.24 0.23 0.42
Liver disease
55 0.69 0.72 0.77 0.81 0.80 0.78 0.12 9
54 0.72 0.78 0.82 0.84 0.72 0.94 0.22 24
58 0.78 0.86 1.34 1.05 1.50 1.05 0.72 12
60 0.84 0.63 0.86 0.75 0.56 1.01 0.17 24
61 0.84 0.92 0.98 1.10 1.08 1.12 0.28 24
59 0.88 — 0.99 1.01 1.20 1.02 0.32 12
70 1.16 1.07 0.94 1.17 1.20 — 0.04 12
62 1.60 0.62 — 1.49 1.03 2.10 0.50 24
48 1.70 0.68 1.07 1.37 1.36 0.96 0.00 —
Mean 1.02 0.79 0.97 1.07 1.05 1.12 0.26*
sd.x= 0.36 0.15 0.17 0.24 0.29 0.38 0.22
* Difference between means of borderline significance (t = 2.04, P = <0.10, >0.05). Rise following sntramuscular

dl-alpha-tocopherol in oil significantly smaller than that following oral dl-alpha-tocopheryl acetate, both in the hospi-
talized control and liver disease groups (controls: t = 2.36, P < 0.05; liver disease group: t = 2.25, P = <0.05).
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TABLE VIII

The plasma tocopherol level following the tntramuscular injection of 500 mg. dl-alpha-tocopherol acetate in an
aqueous emulsion stabilized with a mixture of Tweens

Hours
Subiect - rise
] 3 6 9 12 24
Controls
mg. per cent mg. per cent mg. per cent mg. per cent mg. per cent mg. per cent mg. per cent hours
18 0.84 1.02 0.94 0.82 0.94 1.00 0.18 3
20 0.94 0.92 0.87 1.06 1.10 1.00 0.16 12
21 0.94 1.02 1.10 1.08 1.00 1.08 0.16 6
23 0.97 0.92 0.84 0.97 1.00 0.90 0.03 12
32 1.12 1.04 1.21 1.20 1.00 0.88 0.09 6
Mean 0.96 0.98 0.99 1.03 1.01 0.97 0.12*
+s.d 0.29 0.17 0.14 0.13 0.05 0.07 0.06
Liver disease
53 0.62 0.84 0.94 1.00 0.81 0.84 0.38 9
59 0.79 0.92 0.98 1.01 1.14 — 0.35 12
Mean 0.71 0.88 0.96 1.01 0.98 0.84 0.37¢
+s.d. 0.08 0.04 0.02 0.02 0.13 — 0.01

* Significantly smaller than rise followinﬁ
following oral dl-alpha-tocopherol acetate in
t Too few values to warrant statistical analysis.

mg. of dl-alpha-tocopherol in sesame oil, the in-
creases in plasma tocopherol were significantly
smaller than those following the oral administration
of dl-alpha-tocopheryl acetate, both in the hospital-
ized control and liver disease groups (Table VII).
This difference was all the more significant in
that the intramuscular injection contained almost
9 per cent more tocopherol than the oral dose.
These findings suggest a defect in the absorption
of intramuscularly administered dl-alpha-tocoph-
erol similar to that observed in the rabbit (35)
and in the rat (36). The mean rise in plasma
tocopherol concentration was lower in the liver
disease group than in the controls, although the dif-
ference was of only borderline significance statis-
tically (t=2.04, P= <0.10, > 0.05). These
observations suggest that the lower tocopherol
tolerance curves in liver disease may reflect alter-
ations in storage or utilization, rather than faulty
absorption of tocopherol from the intestinal tract.
However, the results of this experiment are not
conclusive, since the difference between the con-
trol and liver disease groups may have been re-
lated to irregular absorption of tocopherol from
muscle. The extremely variable responses in both
groups lends support to this possibility.

tntramuscular dl-alpha-tocopherol in oil (t = 2.33, P = <0.05) and that
ospitalized controls (t = 2.95, P = <0.02).

To eliminate the effects of faulty absorption
from muscle, a readily absorbed, water-soluble,
preparation of tocopherol suitable for parenteral
injection was sought. Recent reports (35, 37, 38)
suggested that the di-sodium salt of d-alpha-to-
copheryl phosphate might meet these requirements.
Preliminary experiments were carried out in rats
with an intramuscular injection of 50 mg. in 0.5
cc. of water.® Extensive necrosis of muscle re-
sulted at each of the injection sites. A similar in-
jection into one human subject evoked both a
severe local reaction and constitutional symptoms.
Intravenous injections also produced severe local
and constitutional reactions.” These side effects
of injected d-alpha-tocopheryl di-sodium phosphate
precluded its use for experimental purposes.

Although the solubility of dl-alpha-tocopheryl
acetate in aqueous media is limited and its ab-
sorption from muscle very poor (39), it seemed
possible that a finely dispersed aqueous emulsion
might be readily absorbed from the muscles. This
was suggested by the effectiveness of emulsifying

8 These experiments were carried out in the Pharma-
cology Laboratory of Hoffmann-LaRoche, Inc. through
the courtesy of Dr. R. J. Floody.

7 Personal communication from Dr. R. J. Floody.
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agents, like the Tweens, in promoting the absorp-
tion of vitamin A in liver disease (40) and in
steatorrhea- (41), and by the report of Quaife
(36) that Tween 80 promoted the absorption of
intramuscularly injected alpha-tocopherol in vita-
min E-deficient rats. Accordingly a finely dis-
persed emulsion of dl-alpha-tocopheryl acetate,
containing particles 93 per cent of which were less
than 14 microns in diameter, was prepared, using
a mixture of Tweens as stabilizing agents. How-
ever, when the emulsion was injected intramus-
cularly into five control subjects not one showed
a significant rise in plasma tocopherol, and the
rises in the two liver disease subjects tested were
exceedingly small (Table VIII), indicating that it
was absorbed from muscle even more slowly than
an oily solution of dl-alpha-tocopherol.

The experiments employing intramuscular in-
jections of tocopherol differed from those in
which dl-alpha-tocopheryl acetate was adminis-
tered orally in that the plasma tocopherol level
was followed for only 24 hours in the former and
48 to 96 hours in the latter. However, it is evi-
dent from Table V that the peak was attained
within a period of 24 hours in all but three of the
40 subjects tested following orally administered
tocopherol, so that the small peaks following intra-
muscular injections can be interpreted as indicating
a delay in absorption. Indeed experiments in vita-
min E-deficient animals suggest that alpha-tocoph-
erol in oil is not at all absorbed from muscle (36),
or only very slowly (35).

An attempt was made to analyze the factors
which determined the height of the plasma tocoph-
erol rise following the oral administration of to-
copherol esters. No significant correlation could
be demonstrated between the peak response and
the initial plasma tocopherol level, the serum
cholesterol concentration, or the functional status
of the liver, judged by the results of liver function
tests (Table II).

DISCUSSION -

The plasma tocopherol level probably reflects
the interplay of many factors, including the dietary
intake, the absorptive capacity of the intestinal
tract, the destruction of tocopherol in the intestinal
tract or tissues, the state of the tissue stores, the
efficiency of utilization, and, possibly, the rate of
tocopherol excretion. There is evidence to show

GERALD KLATSKIN AND WILLARD A..KREHL

that the concentration of tocopherol in both plasma
(32, 42) and tissue (43) is affected by the dietary
intake. Darby’s studies in sprue indicate that
changes in the absorptive capacity of the intestine
are reflected in the level of plasma tocopherol
(18). Dietary excesses of unsaturated fat lead
to the destruction of tocopherol in the intestine and
to the development of vitamin E deficiency (13,
44). Little is known about the relative efficiency
of tocopherol utilization under various conditions,
but it is known that the tocopherol requirement
can be influenced by such factors as the dietary
content of protein (10, 11) and of vitamin A (15).
As far as is known, tocopherol is not excreted in
the urine (32), except under conditions of pro-
longed excessive intake (45). Similarly, there
is little or no fecal excretion of tocopherol in ex-
perimental animals under conditions of normal, or
low vitamin E intake, but very considerable fecal
losses can occur under conditions of prolonged,
excessive tocopherol intake (45). Whether such
losses represent an unabsorbed fraction of ingested
tocopherol, or a true excretion product is not
known. The demonstration of significant con-
centrations of tocopherol in bile (19), suggests that
there may be an enterohepatic circulation of to-
copherol. Unfortunately, excretion studies have
not been carried out following hepatic damage, so
that important data necessary for the interpretation
of the plasma tocopherol findings in the present
experiments, are lacking.

The low plasma tocopherol levels observed in
some patients with liver disease probably reflect
low tissue stores (19). Whether this decrease
is due to alterations in absorption, utilization or
excretion directly related to liver damage, or to
some other factor, such as malnutrition, is not
known. The almost identical frequency distribu-
tion of plasma tocopherol levels in liver disease
and randomly selected, convalescent, hospital pa-
tients, and the lack of any correlation between the
tocopherol level and the functional status of the
liver are points against a direct, causal relation-
ship between liver damage and low plasma tocoph-
erol concentrations. The relatively low plasma to-
copherol curves after oral administration of tocoph-
erol suggest impaired intestinal absorption in some
cases of liver disease. However, the lack of any
correlation between the initial plasma tocopherol
level and the response to orally administered to-
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copherol, would seem to indicate that the low
plasma concentrations in some cases of liver dis-
ease are not due to defective tocopherol absorption.

No correlation could be demonstrated between
the plasma response to orally administered tocoph-
erol and the state of hepatic function which sug-
gests that other associated factors may be responsi-
ble for the flat tocopherol tolerance curves in
liver disease. -

The antecedent diet may have played a role in
producing the low plasma tocopherol levels ob-
served in both groups of hospitalized subjects.
The average American diet contains less (46) than
the estimated normal daily tocopherol require-
ment of man (32, 47), so that low plasma levels,
presumably indicative of decreased tissue stores,
may occur in hospital patients, some of whom
subsist on less-than-average diets for long pe-
riods. It may be of significance in this connection
that normal plasma tocopherol levels have been
reported in acute liver disease, such as infectious
hepatitis (21), and that a fatal case of acute hepa-
titis in the present series (subject 68, Table I) had
a high normal value.

It is obvious that no definite conclusions re-
garding the alterations in vitamin E metabolism
in liver disease are warranted at the present time.
Further study of plasma tocopherol curves fol-
lowing the parenteral administration of readily ab-
sorbed tocopherol esters, and studies of fecal to-
copherol excretion are needed to determine the
role of altered intestinal absorption in liver dis-
ease. More observations are also needed on the
relation of plasma to tissue concentration of to-
copherol and of the effects of continued tocopherol
administration, to determine the significance of
the plasma tocopherol concentration as an index
of tissue tocopherol saturation and utilization.
Although clinical evidence of vitamin E deficiency
in man is still lacking, the findings of Pappen-

heimer and Victor (20) are sufficiently suggestive -

to encourage further investigation of the physio-
"logical significance of low plasma tocopherol levels.

SUMMARY

1. The plasma tocopherol level was determined
in three groups of subjects: @) young healthy
adults, b) hospitalized convalescent controls with
no evidence of liver damage, and ¢) patients with
liver disease.
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2. The mean plasma tocopherol concentration
was significantly lower, and the range and distri-
bution of values were significantly wider in the
liver disease group than in young healthy adults,
but there was no significant difference between
liver disease subjects and hospitalized controls.
Moreover, the plasma tocopherol level could not
be correlated with the degree of hepatic dysfunc-
tion, the type of liver damage, the presence of
jaundice, the serum cholesterol concentration, or
age.

3. Plasma tocopherol curves were obtained in
liver disease subjects and hospitalized controls
following single test doses of various preparations
of alpha-tocopherol, given either orally or intra-
muscularly.

4. The rise in plasma tocopherol concentration
following the oral administration of dl-alpha-to-
copheryl acetate was significantly smaller in liver
disease subjects than in hospitalized controls. The
responses to orally administered water-soluble di-
sodium phosphate ester. of d-alpha-tocopherol did
not differ from those of the fat-soluble acetate in
subjects with liver disease. However, the results
of the latter experiment were inconclusive, since
the phosphate ester contained only 85 per cent as
much tocopherol, taking differences in molecular
weight into account. The increase in plasma
tocopherol following administration of either ester
bore no significant relationship to the initial fast-
ing plasma tocopherol level or to the degree of
hepatic dysfunction.

5. The increases in plasma tocopherol follow-
ing the intramuscular injection of dl-alpha-tocoph-
erol, either in the form of an oil solution, or as a

stabilized emulsion of the acetate, were signifi-

cantly smaller than those following the oral ad-
ministration of tocopherol esters, both in liver
disease and hospitalized control subjects. The
peak response after dl-alpha-tocopherol in sesame
oil was lower in liver disease subjects than in
hospitalized controls, but the difference was of
only borderline significance statistically. The
emulsion of alpha-tocopherol acetate was absorbed
even more slowly than alpha-tocopherol in oil.

6. The results do not warrant definite conclu-
sions regarding alterations in tocopherol metabo-
lism in liver disease. The implications of these
observations have been discussed, and the neces-
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sity for further investigation along other lines has
been stressed.
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