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Increments o f  levels o f  both 13-cis- and all-trans-retinoic acid in human plasma were observed after 
either a physiologic or a pharmacologic oral dose of  all-trans-retinyl palmitate. Subjects receiving a 
physiologic dose showed mean + SEM plasma rises over baseline us Jbllows: all-trans-retinoic acid 
= 1.1 +- 0.3 nmol/L and 13-cis-retinoic acid = 4.7 + 1.1 nmol/L, which represented increases in 1.3 

fold and 1.9 fold over fasting plasma levels. Those receiving a pharmacologic dose showed mean +- 
SEM plasma rises over baseline as follows: all-trans-retinoic acid = 11.5 +- 2.6 nmol/L and 13-cis- 
retinoic acid = 37.5 +- 6.1 nmol/L, which represented increases of  3.9-Jbld and 8.4-fold over fasting 
plasma levels. Moreover, areas under the curve of  the means of  all-trans- and 13-cis-retinoic acid 
over 24 hours showed that larger amounts o f  13-cis-retinoic acid appear in the circulation than all- 
trans-retinoic acid after feeding all-trans-retinyl palmitate. The increase in retinoic acid in the circula- 
tion may be an important source o f  retinoic acid for some organs. 
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Introduction 

Retinoic acid (RA) is a naturally occurring retinoid in 
human blood and tissue. 1 However ,  unlike naturally 
occurring retinol, RA is a minor component  of the 
diet. RA in blood, therefore, has been regarded as be- 
ing derived from preformed vitamin A and/or  provita- 
rain A as a tissue metabolite. 241 In vitro studies have 
demonstrated that both al l - trans-RA (all-tRA) and 13- 
c i s -RA (13-eRA) are physiologic metabolites of vita- 
min A in rat blood and tissuesfl Our laboratory has 
provided evidence that RA exists as a mixture of 
13-eRA and all-tRA in human serum, and that the level 
of both 13-eRA and all-tRA in human serum is tempo- 
rally related to diet.12 Studies reported in the present 
paper provide evidence that both physiologic and 
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pharmacologic oral doses of  all-trans-retinyl palmitate 
affect the concentrations of  13-eRA and all-tRa in hu- 
man plasma. 

Materials and methods 

C h e m i c a l s  

HPLC grade methanol, n-he×ane, and water were pur- 
chased from J.T. Baker Chemical Co., Philipsburg, 
NJ. All-tRA and all-trans-retinyl palmitate were pur- 
chased from Sigma Chemciai Co., St. Louis, MO. 
Thirteen-cRA, all- trans-9-(4-methoxy-2,3,6- tr imeth-  
yl phenyl)-3,7-dimethyl-2,4,6,8-nonatetraenoic acid 
(TMMP), 9-cis-, l l -c is - ,  and 13-cis-retinyl palmitate 
were generous girls from Hoffmann-La Roche Inc., 
Nutley, NJ. All retinoids were stored at - 7 0  ° C and 
handled under red light. 

S u p p l e m e n t  s t u d i e s  

The study included 7 subjects, who on different days 
were fed supplements of  all-trans-retinol palmitate ei- 
ther in a physiologic dose of 3000 retinyl equivalents 
(RE) or a pharmacologic dose (2250 RE/kg body 
weight, not to exceed 105,000 RE). The doses were of 
an oil soluble preparation (Hoffmann-La Roche, Nut- 
ley, N J) with 95% purity in all-trans-retinyl palmitate 
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(analyzed by HPLC,  see H P L C  method). The subjects 
were 31 to 54 years old (3 men and 4 women) in good 
health, and none of  them were being treated with Ac- 
cutane TM or Retin A TM or taking supplements con- 
taining 13-carotene or vitamin A. For  the physiologic 
dose test, subjects fasted (except water) for 14 hours, 
skipped breakfast,  and consumed a lunch 5 hr after 
the oral vitamin A dose. The lunch consisted of a tur- 
key breast sandwich on white bread, cranberry juice,  
almond butter,  and a carbonated soda. This meal con- 
tained no detectable [3-carotene or preformed vitamin 
A. For  the pharmacologic dose test, subjects fasted 
for 14 hr, given a standardized test breakfast,  and re- 
ceived the same lunch as in the physiologic dose test, 
5 hr after the oral vitamin A dose. The test breakfast 
consisted of  a scrambled egg, a slice of  toast with but- 
ter, and a cup of  tea or coffee with 15 g of  heavy 
cream, and contained 226 RE of preformed vitamin A. 

Following a blood draw for baseline analysis (t = 
0), the oral supplement was administered. Blood was 
collected in 0.1% EDTA plasma tube from a forearm 
vein at intervals of 2, 4, 6, 8, and 24 hr after the physio- 
logic dose and 4, 6, 9, 12, and 24 hr after the pharma- 
cologic dose. The samples were protected from light, 
immediately placed on ice and centrifuged (800g and 
10 min) within 2 hr to separate the plasma from red 
cells. Plasma was kept at - 7 0  ° C in the dark before 
analysis. 

Plasma extraction 

A Bond Elut TM aminopropyl column (500 mg/2.8 mL) 
and a Vac Elut TM vacuum elution apparatus obtained 
from Analytichem International (Harbor  City, CA) 
were used to extract  RA. 13 The internal standard 
TMMP in methanol (100 I~L, 10-TM) was added to 
plasma (1.5 mL). After the addition of  0.9% sodium 
chloride (2 mL) and chloroform/methanol  (2:1, v/v,  5 
mL), the mixture was vor texed and centrifuged at 
800g for 10 min. The chloroform layer was removed 
and evaporated under N 2 to 0.2 mL. This extract  was 
applied to an aminopropyl column which was placed 
in the Vac Elut TM apparatus and washed with 2 mL of 
hexane. The chloroform was pulled through the col- 
umn by vacuum, and the plasma constituents that 
were retained on the column were then eluted with 4 
mL of  chloroform/2-propanol  2:1, (vol/vol). This elu- 
ate consisted of neutral lipid in plasma and was dis- 
carded. The column was then eluted with 4 mL of  
diethyl ether (with 3% acetic acid). This eluate con- 
tained RA and was evaporated to dryness under N 2. 
The residue was then redissolved in 150 txL of metha- 
nol, and a 40 ~L aliquot was injected onto the HPLC 
column. All procedures  for blood process and analysis 
were done under red light. 

Peak indentification 

For the identification of all-tRA and 13-cRA, a 
normal-phase HPLC and authenic all-tRA and 13-cRA 
were used. ],- Fur thermore ,  the HPLC eluate of  the 
plasma extract  corresponding to the retention times 

of the authentic RAs was reacted with diazomethane. 
These products  were also analyzed by HPLC.  12 

H P L C  analysis 

Plasma retinol and retinyl esters were measured by 
normal-phase HPLC as described by Bankson et al.14 
The HPLC system used for RA analysis consisted of  
a Series 410 LC pump, a LC-95 UV/visible spectro- 
photometer  detector  fixed at 340 nm at maximum sen- 
sitivity (0.001 AUFS),  and a LCI-100 Labora tory  
Computing Integrator (Perkin-Elmer Co., Norwalk, 
CT) or HP-3390 integrator (Hewlett  Packard, Avon- 
dale, PA). For  sample injection, either a Rheodyne 
7125 manual injector (Rheodyne Inc., Cotati, CA) or 
a Perkin-Elmer ISS-100 autosampler was used. For  
the determination of the purity of  the all-trans-retinyl 
palmitate supplement, the method developed was able 
to separate ail-trans-retinyl palmitate from 9-cis-, I l- 
ois-, and 13-cis-retinyl palmitate and used an HS-3 sil- 
ica cartridge column (0.46 × 8.3 cm, Perkin-Elmer 
Co., Norwalk, CT) with n-hexane and toluene 99:1, 
(vol/vol) at a flow rate of 2.0 mL/min with the UV 
detector  set at 325 nm. For  quantitative analysis of  
plasma, a gradient HPLC procedure with a flow rate 
of 1.5 mL/min was used as follows: CH3OH/H20 
(75:25) was eluted for l0 rain, followed by a 3-min 
linear gradient to 100% CH3OH, a 10-min hold at 100% 
CH3OH, and then a 3-min linear gradient return to 
CH3OH/H20 (75:25). The concentrat ion of  13-cRA 
and all-tRA in samples were calculated based on the 
recovery and the response factors which were quanti- 
fied using authentic standards as previously described, j~" 

Results 

All-tRA and 13-cRA in plasma samples were identified 
by their retention times and the coelution with stan- 
dards in both reverse-phase and normal-phase HPLC 
systems. 12 Their  methylated derivatives were synthe- 
sized and analyzed using H P LC for comparison to the 
retention times of authentic standards. These results 
proved the identity of these compounds in human 
blood as all-tRA and 13-cRA.12 

The means ( -  SEM) for plasma levels of  ali-tRA 
and 13-cRA during fasting were 4.0 (± 0.3) nmol /L 
and 5.1 (± 0.3) nmol/L,  respectively,  which were 
close to other  reference values for serum. ]2 Two hours 
after the physiologic dose, plasma samples showed 
mean ± SEM peak levels as follows: all-tRA = 5.1 ± 
0.3 nmol/L and 13-cRA = 9.8 ± 1.0 nmol/L,  which 
represented increases of 1.3-fold (P = 0.0005) and 
1.9-fold (P = 0.007), respectively,  over  fasting levels 
(Figure IA). Four  hours after the pharmacologic dose, 
plasma samples showed mean ± SEM peak levels as 
follows: all-tRA = 15.5 ± 2.7 nmol/L and 13-cRA 
= 42.6 ± 6.0 nmol/L which represented increases of 
3.9-fold (P = 0.007) and 8.4-fold (P = 0.001), respec- 
tively, over  fasting levels (Figure IB). After the physi- 
ologic or pharmacologic doses of  retinyl palmitate, 
plasma concentrat ions of  retinyl esters showed maxi- 
mum increases of  40-fold (P = 0.00005, Figure 2A) 
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Changes in plasma levels of alt-tRA (X) and 13-cRA (O) 
in humans after a physiologic dose (A) or a pharmacologic dose 
(B) of all-trans-retinyl palmitate. Data and error bars represent 
mean _+ SEM 

and 76-fold (P = 0.003, Figure 2B), respectively,  
while the plasma concentrat ions of  retinol remained 
unchanged (Figures 2A & 2B). 

We compared the plasma response curves for all- 
tRA and 13-cRA by measuring the areas under the 
curve (Figure 1) for the 24 hr period after the physio- 
logic or pharmacologic doses (Table 1). The area un- 
der the curve was constructed by plotting the plasma 
RA concentrat ion versus time after subtracting the 
fasting value (t = 0) from each concentrat ion.  The 
area under the curve of  all-tRA after the physiologic 
dose of  all-trans-retinyl palmitate was set as 1 unit. 
Relative to this, the area under the curve of  13-cRA 
increased 9.6 units after the physiologic dose of all- 
trans-retinyl palmitate. Although the pharmacologic 
dose was 35 times greater  than the physiologic dose, 
the incremental areas in all-tRA and 13-cRA after the 
pharmacologic dose were 7.9-fold (7.9 units) and 6.5- 
fold (62.0 units) greater,  respectively,  than those after 
the physiologic dose. 

Discussion 

The work described here shows that the total RA level 
in human plasma increased after either the physiologic 
or the pharmacologic dose supplement of  all-trans- 
retinyl palmitate. 
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Figure 2 Changes in plasma levels of retinol (+)  and retinyl es- 
ters (A) in humans after a physiologic dose (A) or a pharmacologic 
dose (B) of all-trans-retinyl palmitate. Molecular weight of retinyl 
palmitate was used to calculate the concentration of retinyl esters 
in ~mol/L. Data and error bars represent mean _+ SEM. 

Table 1 Areas under the curve of means of plasma all-tRA and 
13-cRA concentrations versus time over 24 hr after feeding all- 
trans-retinyl palmitate to 7 normal whites. The fasting level was 
subtracted from the concentration at each time point. Results are 
expressed as a relative area to the all-tRA response after the physi- 
ologic dose, which was set at 1.0 

Physiologic dose Pharmacologic dose 
(3000 RE) (2250 RE/kg BW a) 

a ll-tRA 1.0 7.9 
13-cRA 9.6 62.0 

a Body weight, 

It is well known that shortly after a supplement of 
ali-trans-retinyl palmitate, retinyl esters bound to vari- 
ous lipoproteins in chylomicrons,  and chylomicron 
remnants are found in plasma. Although the number 
of time points is not sufficient to draw peak time pre- 
cisely for retinyl esters and retinoic acid in plasma 
after the administration of oral retinyl palmitate, in our 
study, the concentrat ion of  retinyl esters in plasma 
reached a maximum 6 hr after dosing; however,  all- 
tRA and 13-cRA levels in human plasma reached a 
maximum about 2 hr (after pharmacologic dose) to 4 
hr (after physiologic dose) earlier than retinyl esters. 
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Since  R A  can  be  s y n t h e s i z e d  f rom re t ino l  by  h o m o g e -  
nares  o f  rat  i n t e s t ine ,  15 it is p o s s i b l e  tha t  the  ea r l i e r  
p e a k  a p p e a r a n c e  o f  the  R A  was  due  to the  d i r ec t  ab-  
so rp t ion  o f  R A  f o r m e d  f rom re t iny l  p a l m i t a t e  wi th in  
the  smal l  in tes t ina l  ep i the l i a l  cel l .  A l t e r n a t i v e l y ,  the  
R A  cou ld  be  the  resu l t  o f  r e t iny l  e s t e r  m e t a b o l i s m  in 
o t h e r  t i s sues .  

The  e x i s t e n c e  o f  a l l - t R A  and  13-cRA in ra ts  2 and  
h u m a n s  12 dur ing  v i t amin  A s t e a d y  s ta te  ( i .e . ,  fas t ing)  
cond i t ions  has  b e e n  d e m o n s t r a t e d .  M o r e o v e r ,  13-cRA 
has  been  s h o w n  to be  a p h y s i o l o g i c  m e t a b o l i t e  o f  all-  
t R A  in ra ts f l  In  o u r  p r e v i o u s  work ,  w e  f o u n d  the  con-  
c e n t r a t i o n s  o f  13-cRA and  a l l - tRA in h u m a n  s e r u m  to 
be diet-related.12 T h e  p r e s e n t  s tudy  p r o v i d e s  e v i d e n c e  
that  an a i l - t r a n s - r e t i n y l  p a l m i t a t e  s u p p l e m e n t  in- 
c r ea se s  the  c o n c e n t r a t i o n s  o f  bo th  a l l - tRA and 13-cRA 
in h u m a n  p l a sma .  F u t h e r m o r e ,  a l a rge r  a m o u n t  o f  
13-cRA c i r cu l a t e s  than  a l l - tRA a f t e r  the  feed ing  o f  ail-  
t r a n s - r e t i n y l  pa lmi t a t e .  

R A  is m o r e  ac t ive  than  re t ino l  in the  m a i n t e n a n c e  
o f  ep i the l ia l  d i f f e ren t i a t ion  and  its ce l lu la r  t r a n s p o r t  
p ro te in ,  ce l lu la r  re t ino ic  ac id  b ind ing  p ro t e in  
( C R A B P ) ,  is d i s t r i b u t e d  w i d e l y  in an imal  t i s sues .  The  
source  o f  R A  in an imal  t i s sues  cou ld  be f rom re t inol  
o r  13-carotene s ince  r e c e n t  r e p o r t s  have  d e m o n s t r a t e d  
the  c o n v e r s i o n  o f  re t ino l  and  13-carotene into  R A  by 
rat t i s sues  in v i t ro .  4'1°'15 H o w e v e r ,  it is k n o w n  tha t  
the re  is no r e l a t i onsh ip  b e t w e e n  the ab i l i ty  o f  a t i s sue  
to c o n v e r t  re t ino l  in to  R A  and  the  p r e s e n c e  o r  c o n c e n -  
t ra t ions  o f  ce l lu la r  re t inol  b ind ing  p ro t e in  (CRBP)  and 
C R A B P  15 and  that  the  leve l  o f  C R A B P  is h igher  than  
the level  o f  C R B P  in m a n y  t i s sues .  F o r  e x a m p l e ,  the  
leve ls  o f  C R A B P  in p i t u i t a ry ,  p r o s t a t e ,  and  u te rus  a re  
1.7-fold, 2 .7-fold,  and  2 .4-fold  h igher ,  r e s p e c t i v e l y ,  
than  the level  o f  CRBP.16 M o r e o v e r ,  h o m o g e n a t e s  o f  
rat  sp leen  c a n n o t  c o n v e r t  re t ino l  to R A  e v e n  though  
it con t a in s  CRABP.15 Thus ,  it s e e m s  tha t  in si tu syn-  
thes is  o f  R A  f rom re t ino l  is not  a s ignif icant  sou rce  o f  
R A  in some  t i s sues  and  R A  in the  c i r cu l a t i on  (pe rhaps  
in tes t ina l ly  d e r i v e d  a f te r  a meal )  m a y  supp ly  the  R A  
d e m a n d s  o f  ce r t a in  t i s sues .  

The  p r e s e n t  r esu l t s  e x t e n d  o b s e r v a t i o n s  o f  v i t amin  
A m e t a b o l i s m  in humans .  Bo th  a l l - tRA and  13-cRA 
are  q u a n t i t a t i v e l y  s ignif icant  m e t a b o l i t e s  o f  d i e t a ry  
a l l - t r a n s - r e t i n y l  pa lmi t a t e .  R A  in the  c i r cu l a t i on  cou ld  
be an i m p o r t a n t  R A  sou rce  for  s o m e  o rgans .  

a re  gra tefu l  to Dr.  N o r m a n  K r i n s k y  for  his r e v i e w  o f  
the  m a n u s c r i p t .  
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