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Abstract Perfusion feeding in rats induced a decrease in cir- 
culating retinol despite an adequate supply of bitamin A. We 
studied the effect of total parenteral nutrition (TPN) on the 
retinol specific carrier in rat, analyzing holo-RBP (bound to 
retinol) and a p o - ~ p  (without retinol) in Serum and in liver. 
Vitamin A-sufficient (A+) and -deficient (A-) rats were charac- 
terized in terms of vitamin A and RBP status and then per- 
fused (TPN-A+ and TPN-A-) or orally pair-fed (0-A'  and 0- 
A - )  with vitamin A. In A- rats, a decrease in serum retinol 
(2.6fold) and an increase in apo-RBP was concomitant with 
a massive accumulation of  mp in the liver. ln TPN-A~ rats, 
both circulating RBP and liver total RBP were decreased. In 
TPN-A' rats, there was a decrease in circulating retinol (2.4- 
fo1d) in Parallel to a decrease Of Serum and liver RBp Proteill 
and mRNA.M We provide evidence that infused retinyl palmi- 
tate was not responsible for serum retinol and RBP decrease 
and that retinol depletion w;ls not due to "itamin ~ d ~ f i ~ i ~ ~ , ~ ~ ,  
Whatever the vitamin A status, TPN may induce in rats a down- 
regulation of hepatic RBP synthesis, which may, at least par- 
tially, explain the alteration of retinol and RBP in serum.- 
Lespine, A,, B. Periquet, S. Jaconi, M-C. Alexandre, J. Garcia, 
J. Ghisolfi, J-P. Thouvenot, and G. Siegenthaler. Decreases in 
retinol and retinol+,inding protein during total pal.e,lteral 
nutrition in rats are not due to a bitamin '4 deficiency.,/ I,ipid 
&.$. 1996. 37: 2492-2501. 

chymal cells are the major site for RBp syllthesis (4). 
H ~ ~ ~ ~ ~ ~ ,  expression ofRBp has been found in numer- 
ous extrahepatic tissues (5-7). The RBP level in plasma 
is highly regulated and remains constant except in ex- 
treme vitamin A status. Vitamin A deficiency alters cir- 
culating RBP and blocks its secretion from the liver ( 2 ,  
81, and large oral doses of vitamin A in ratS resuited 
in a decrease of serum and liver RBP (9). Moreover, a 
depressive effect on serum retinol has been reported 
after retinoic acid injection or feeding (10, 11 ),  after 
2,3,7,8-tetrachlorodibenzo-pdioxin treatment (12), and 
after total parenteral nutrition (13, 14). By contrast, irl 
acute renal failure, serum retinol was increased, associ- 
ated with an increase in circulating holo- and apo-RBP 
(15-1 7). Such abnormalities with serum retinol and 
RBP are certainly of different origins, depending on the 
pathology being consjdered or the model stL,died. 

Total parenteral nutrition (TPN) is an intravenous 
supply of nutrients and micronutrients used for patients 
who are unable to tolerate oral feeding. Little is known 
about the metabolism of nutritional compounds during 
TPN, and controversial data exist concerning the fate of 
vitamin A when given intravenously. Studies in hunians 
receiving TPN reveal the difficulty to define adequate 
vitamin A needs and formulation during intravenotis 
feeding (18). In adults after long term TPN, low seruni 
retinol wds reported (13). Studies in preterm infhnts 
showed that, in spite of ;in adequate amount ofvitarnin 

- ~~~- 
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Vitamin A (retinol) is transported fI.om the liver 
stores to target tissues by a specjfic transport protein of 
21 kDa: the retinol-binding protein (RBpJ (for a review 
see ref. 1). RBP is secreted in the plasma bound to reti- 
nol: holo-RBP, in a molar ratio of 1/1 (2).  In humans 
with a normal "itamin A status, moSt m p  circulates 
bound to retino1 (holo-RBP) whereas olllY 2% Was 
found free from retinol (apo-RBP) (3 ) .  The holo-RBP 
strongly interacts with transthyretin (TTR), also called 
prealbumin, a complex that reduces the glomerular fil- 
tration and renal catabolism of RBP. The liver paren- 

Abbreviations: .Y, vitamin A-sufficient rats; h , vitamin .A-deficir.nl 
rats; MAT, alanine aminotran4ferase; apo-RBP, retinol-binding pro- 
tein without retinol; .UT, aspartate aminotransferase; hob-RBI', 
retinol-binding protein hound to  retinol; HPLC, high petformancc 
liquid chromatography; 0-14' and 0 - A  , control per o s  rats; RBP, r-eti- 
nol-binding protein; TPN, total parenteral nutrition: TPK-A' a i d  
TPN.A-, I.;ltF intravenouslv fed, 

'TO whom corrcspondeticc should be ;tddr 
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TABLE 1. Comparison of diets provided to per o s  and intravenously fed rats 

Variable 

Before Experiiuerit During Experimen~ 

A '  Kats A -  R a ~ a  Per-fused Dict Oral Diet 

Energy supply 1166 1192 1180 1166 
(kJ . kg-' rat . (lay-') 

Nutrient distribution 
(% of total energy) 

Protein 67 67 67 67 
Glucose 21 21 21 21 

Kctinyl palmitate 1.66" 0 1.33 1.66" 
(pmol RE . kg-' r a t .  day-') 

I .ipid 12 12 12 12 

Beforc the experiment the rats were fed per o s  during 4 weeks with a solid seniisynthetic diet. During the 
experiment perfused rats (TPN-A) received the nutritive solution for 5-7 days. Pair-fed controls (0-A) received 
orally a solid semisynthetic diet supplying the same amount of energy and vitamin A. 

"Taking into account that inteslirial absorption of vitamin A in rats was 80% ( r e t  22), oral diet contained 
20% niore vitamin A. 

A perfused in the liquid diet during TPN, the serum 
retinol and liver reserves of vitamin A remained low 
(19). Animal models have been developed to study the 
fate of vitamin A during intravenous feeding and con- 
flicting data have been reported, certainly due to differ- 
ences in TPN protocols (14, 20). No experimental data 
are available concerning the origin of the abnormalities 
in vitamin A metabolism occurring during TPN. 

We have developed an experimental model of paren- 
teral feeding in the rat in order to follow the metabo- 
lism of intravenously administrated vitamin A. In our 
model, vitamin A was supplied as retinyl palmitate com- 
bined with lipid emulsions as this form is more stable 
(21) and supposed to be closer to the physiological 
carrier, the chylomicron remnants, compared to the 
unstable retinol formulation: MVI paediatric (Multi Vi- 
taminic Infusion). We confirmed our previous observa- 
tions that TPN in rats induced a rapid and dramatic 
decrease in circulating retinol (14). The goal of the 
present study was to analyze the mechanisms involved 
in the serum retinol decrease. As patients undergoing 
TPN often have impaired intestinal absorption, leading 
in some cases to vitamin A deficiency and most of the 
time to low vitamin A status, rats used in this study are 
representative of vitamin A-deficient rats (A-) and vita- 
min A-sufficient rats (A+). We studied how TPN altered 
serum retinol levels, and investigated the relation with 
total RBP decrease in serum and in liver, together with 
the change in RBP profile in serum. 

MATERIAL AND METHODS 

Animals and diet 

Weaning male Wistar rats were maintained at 25°C 
with a 12-h light-dark cycle and given free access to 
food and water. From their arrival to 4 weeks. rats were 

assigned to a semisynthetic diet purchased from UAR 
laboratory (Villemoisson-sur-Orge, France). In the At 
group, rats received a diet supplemented with 15.6 
pmol retinyl palmitate . kg-' of diet. In the A- group, 
rats received a vitamin A-deficient diet. The vitamin A 
content of each diet was analyzed before use: food was 
digested overnight in 10% potassium hydroxide and ret- 
inol was extracted and measured by HPLC as described 
in the following paragraph. 

Total parenteral nutrition 

Rats from A- and At groups were either perfused 
(TPN-A- and TPN-A+), or orally fed (0-A- and O-At). 
The rats were anesthetized (Ketamine, 2.5 mg . kg-I) 
and surgery was performed in aseptic conditions. A Si- 
lastic catheter (Sigma Medical, Nanterre, France) was 
inserted into the right jugular vein, and exteriorized at 
the nape of the neck via a subcutaneous tunnel. The 
rats were maintained 24 h under continuous infusion 
of 0.9% saline via volumetric infusion pumps. Flow rate 
was initially 1.0 nil . hr-' and progressively increased to 
2.4 ml . hr-I. During that time the rats had access to 
vitamin A-deficicnt food. From the second day, they 
were not allowed to drink or eat. They were perfused 
with a liquid diet (228 ml . kg-' . day-') made with the 
following solutions, per 100 ml of liquid diet: glucose 
50%: 25.3 ml, Hyperamin 30%: 33.8 ml, Endolipid 20%: 
5.9 ml (Bruneau, Paris, France), Nonan for trace ele- 
menty, 2.9 ml (Aguettant, Lyon, France), Vitalipid In- 
fant: 3.6 ml and Soluvit: 1.2 ml (Kabi Vitrum, Stock- 
holm, Sweden). Total caloric intake was 280 kcal . kg-' 
ra t .  da)i-', with an energy distribution for glucose-pro- 
tein-lipid of 65:23:12 (Table l ) ,  reproducing the per os 
diet. The nutritive solution was prepared under sterile 
conditions and changed every 48 h. In our perfusion 
system, we used Vitalipid as retinyl palmitate source, 
combined with Endolipid 20%. Such a formulation was 
shown to be stable in the perfusion system (21). More- 
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TABLE 2. Effect of TPN on serum biochemical parameters and body weight in A- and At raB 

R a t 5  Pi-otein c - . "  ,I entiiilnr AST ALT Body Weight 

g '  1-1 

(4) 

(4) 

(4) 

(2) 

(5) 

(9) 

A+ 53.5 5 0.8 

TPN-A+ 50.1 i- 3.0 

0-A + 55.0 5 1.08 

A- 56.0 2 2.2 

TPN-A- 51.4 i- 1.9 

0-A-  53.6 t 0.8 

pmol.  I- '  

43.4 5 1.4 
( 8 )  

47.0 i- 2.5 
(5) 

42.7 2 3.3 
( 3 )  

36.2 i- 1.1 
(6) 

53.4 5 5.3 
(7) 

41.8 t 2.2 
(9) 

ZlJ 

120.7 2 12.7 
( 8 )  

107.5 i- 23.5 
(5) 

100.0 2 7.0 
( 3 )  

77.8 2 5.4 
(6) 

65.6 t 23.8 
(5) 

121.2 t 20.0 
(9) 

IU 

55.2 -t 6.6 
(8) 

82.2 ? 50.7 
(5) 

44.0 i 3.5 
( 3 )  

62.2 t- 9.8 
(6) 

185.6 2 71.9 
(5) 

55.1 ? 4.2 
(9) 

Standard rats were fed 4 weeks with a semisynthetic diet with or without vitamin A (15.6 pnol  retinyl 
palmitate per kg diet), the maximal energy intake being 1200 kJ . kg-' day-' (A- and A'). TPN-A- and TPN- 
At rats were perfused during 5-7 days. During the same period o f  time as the perfused animals, per os controls 
received orally a Semisynthetic solid diet (0-A- and O-A+, see Table 1). Data are expressed as mean i- SEM; 
n, number of animals in parentheses. AST, aspartate aminotransferase; ALT, alanine aminotransferase. 

over, we have checked that liposoluble vitamins (A and 
E) in the nutritive solution were stable and a loss of only 
15% was noted in our experimental conditions. The liq- 
uid diet supplied 1.33 pmol retinyl palmitate . kg-' . 
day-'. Rats were maintained under intravenous feeding 
during 5 to 10 days. 

In parallel, pair-fed control rats (0-A- and 0-A') re- 
ceived per os a semisynthetic diet containing exactly the 
same amount and distribution of energy, trace ele- 
ments, and vitamins provided to rats during perfusion. 
Control rats received per os 1.66 pmol retinyl palmitate 
. kg-' . day-'. Considering that the intestinal absorption 
of retinyl palmitate was SO% (22), they received 20% 
more than perfused animals. In previous experiments, 
control per os rats were submitted to a surgical opera- 
tion similar to that performed on the perfused animals 
(20). They were anesthetized, the jugular vein was 
cleaned, and the subcutaneous tunnel was perforated. 
Those sham-operated rats recovered rapidly from the 
surgery and presented the same retinol and RBP profile 
as non-operated rats. Consequently, we did not perform 
surgery on control rats. 

Animal health evaluation 

Biochemical parameters and body weights were mon- 
itored in rats before and after experiment. Proteins, cre- 
atinine, alanine aminotransferase, and aspartate amino- 
transferase were analyzed in serum on a Hitachi 717 
(Hitachi, Tokyo, Japan) in the biochemistry laboratory 
at the Purpan Hospital (Toulouse, France). These pa- 
rameters revealed that the main kidney and liver func- 
tions were not altered during vitamin A deficiency nor 
during TPN (Table 2).  As expected vitamin A deficiency 
in rats induced a lower growth rate, and at the time the 
experiment started, A+ rats weighed 221 t 4 g versus 

204 t 7 g for A- animals (Table 2). During TPN body 
weight increased at an average rate of 3 g per day in 
both groups. 

Urine was collected every day during perfusion and 
analyzed for proteins, glucose, cetonic bodies, blood, 
pH (Ames reagent strips, Miles Laboratory, Elkhart, 
IN). These parameters remained in the normal range 
during the experimental procedure. 

Blood and liver collection 

Rats were slightly and rapidly anesthetized with ether 
and blood was immediately collected by abdominal 
aorta. Serum was obtained after 15 min centrifugation 
at 2000 g. Livers were collected on ice, cleaned of blood, 
weighed, and homogenized as described below. 

Vitamin A extraction and analysis 

Extraction and analysis of vitamin A from serum and 
liver was performed according to Periquet et al. (23). 
Briefly, liver was homogenized with a Potter-Elvehjem 
homogenizer, in 9 volumes of buffer (0.25 M sucrose; 
0.05 M Tris-HC1, pH 7.6; 0.025 M KC1; 0.005 M MgC12). 
Serum or liver homogenate was mixed with one volume 
(v/v) of ethanol solution containing 10 mg . l-' retinyl 
acetate, used as an internal standard. Samples were ex- 
tracted with 5 volumes of n-hexane. After centrifuga- 
tion, 500 p1 of the upper phase was evaporated under 
a nitrogen streani and subdued light, dissolved in meth- 
anol, and injected into HPLC system. High-perfor- 
mance liquid chromatography was carried out on a Phil- 
ips Model 41 00 programmable liquid chromatography 
system. Column was a Spherisorb O D s  2, 3 pm, 25 cm 
(Chromato-Sud, Bordeaux, France). Chromatography 
was performed at 50°C with methanol as solvent. The 
detecting wavelength was 325 nm. 
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RBP analysis 
Liver was homogenized in a buffer supplemented 

with 5 mM EDTA, 1 mM phenyl methyl sulfonyl fluoride, 
2 mM dithiothreitol, 10 p~ aprotinin, and 20 p~ leupep 
tin. Proteins were assayed using the method of Lowry 
et al. (24). For circulating RBP analysis, serum was run 
on PAGE, 7.5% acrylamide. These nondenaturing con- 
ditions have been extensively used to separate holo- 
from apo-RBP in several studies and this procedure was 
shown to be reproducible and quantitative (3, 17). Pro- 
teins from liver homogenate were separated on SDS 
PAGE, 15% acrylamide. These denaturing conditions 
had to be used for liver RBP detection in order to facili- 
tate further immunoblotting analysis (1 7). Several 
amounts of liver homogenate were run in parallel and 
the linearity of the band intensity was obtained for a 
gel loading between 0.1 and 0.3 mg total proteins. This 
technique allowed us to detect a 21 kDa band corre- 
sponding to total liver RBP dissociated from retinol: 
apo-RBP. Previous works have shown that this form r e p  
resented 90% of total RBP in human liver (3). RBP 
bands were visualized with rabbit anti-rat RBP serum 
and horseradish peroxidase-labeled goat an ti-rabbit IgG 
using diaminobenzidine as substrate. Band intensity of 
immunodetected proteins was read with a Microtech I1 
HR scanner and analyzed with the NIH-Imager pro- 
gram. 

RNA isolation and northern blot analysis 
Total RNA was isolated from liver using the Chom- 

czynsky and Sacchi procedure (25). RNA separation 
and hybridization procedures were similar to those de- 
scribed by Tsutsumi et al. (7). In brief, total RNAs (20 
pg) were run on agarose 1.2%/ formaldehyde 1.1 % gel 
electrophoresis and transferred to a nylon membrane. 
Staining of the nylon membrane was performed with 
methylene blue and the comparison of the 28 S and 18 
S ribosomal RNAs allowed us to conclude that the RNA 
loads were similar. The cDNA for rat RBP was an Eco 
R1 insert of 546 bp in pGem4, kindly provided by Dr. 
William S. Blaner (Columbia University, New York). 
Specific RBP mRNA were hybridized with y’P-probe pre- 
pared with [R‘P]dCTP (ICN Pharmaceuticals, Inc., Ir- 
vine, CA) by random primed labeling using a commer- 
cial kit (Boehringer-Mannheim, Germany). Blots were 
washed twice in 2 X SSC, 0.1% SDS at 42°C 20 min. 
Detection was performed by exposition to XAR-2 film 
at -80°C using an intensifying screen. 

Statistical analysis 
The Bartlett test was used to test homogeneity of vari- 

ance of the two starting groups (A- and A+). When vari- 
ances were homogeneous, mean differences were com- 

pared by Student’s 1 test. Differences among the six 
groups (A-, A+, TPN-A-, TPN-A+, 0-A- and 0-A+) were 
evaluated by analysis of variance (one-way ANOVA). 
When ANOVA indicated statistically significant differ- 
ences (P < 0.05), mean values were ranked by the Tu- 
key’s test. 

RESULTS 

Effect of vitamin A deficiency on vitamin A status 
and RBP levels 

We showed in A+ rats that RBP circulated mainly as 
holo-RBP (go%), whereas apo-RBP represented only 
10% of total RBP (Fig. lA, lanes 1, 2, 3, three different 
rats). Then, vitamin A was detected in serum only as 
retinol at a concentration of 1.51 2 0.17 pmol . I-’ for 
A+ rats (Table 3). 

In our conditions of vitamin A deficiency, total RBP 
tended to decrease in serum (NS, Table 4). In the 
meantime, the pattern of circulating h o b  and apo-RBP 
was significantly modified (Fig. lA, lanes 4, 5, 6, three 
different rats) with a major increase in apo-RBP and a 
decrease in holo-RBP (P < 0.001 and P < 0.05, respec- 
tively, Table 4). This was associated with a decrease in 
circulating retinol from 1.51 2 0.17 to 0.59 2 0.14 pmol 
. I - ’  ( P  < 0.001, Table 3). 

Ho~o-RBP. r 
1 2 3 4 5 6  

APO-R BP 

Fig. 1. lmmiinohlotting analysis of senim and liver RRP from stan- 
dard rats. A l’A(:E-immunohlotting of serum holo-RBP and apo-RBP 
sera from A+ rats (lanes 1.2.3, three different animals) or  A- (lanes 4, 
5,  6, three diffcrent animals) were run on PAGE in 7.5% acrylamide. 
Electrophoresis performed in such nondenaturing conditions al- 
lowed 11s to detect the form of RRP hound to retinol: holo-RRP and 
the form free from retinol: apo-KRP. R: SDSPACE immunoblotting 
of liver RRP livers of A- rats (lancs 1, 2, 3) or A’ rats (lanes 4, 5, 6) 
were homogenized and supernatant was ntn on SDSPAGE in 15% 
acrylamide. These denaturing conditions allowed tis to detect total 
RRP. 
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TABLE 3. Effect of TF" on serum retinol levels 

Rats Retinol n 

pmol. 1-1 

A+ 1.51 f 0.17 17 
TPN-A+ 0.63 f 0.11" 1 1  
0-A+ 1.42 2 0.20 1 1  
A- 0.59 f 0.14' 15 
TPN-A- 0.64 f 0.11' IO 
0-A- 1.37 2 0.10' I O  

Rats were fed for 4 weeks with a semisynthetic diet with (A') or  
without (A-) vitamin A, and then were placed on TPN with a solution 
containing 1.33 pmol retinyl palmitate . kg-l . day-' for 5-10 days 
(TPN-A- and TPN-A'). Per os control rats were pair-fed and received 
solid food supplying 1.66 pmol retinyl palmitate . kg-' . day-' (0-A- 
and 0-A*). Blood was drawn 8 h after TPN or  fasting for retinol mea- 
surement. Data are expressed as mean ? SEM of 10-17 experiments. 

" P <  0.001 compared to A' rats. 
' P  < 0.001 compared to A- rats. 

In the liver of A- rats, a massive accumulation of total 
RBP was observed (Fig. lB, lanes 4,5,6,  three different 
rats). At that stage of deficiency, retinyl esters in rat liver 
were 0.39 ? 0.02 nmol per g tissue (compared to 0.51 2 
0.02 pmol. g-' in A+ livers), and no retinol was detected 
(compared to 5.6 ? 0.2 nmol . g-' in A+ livers), re- 
flecting an almost complete depletion of hepatic vita- 
min A. 

Effect of intravenous feeding on vitamin 
Adeficient rats 

When A- rats, with low levels of circulating and he- 
patic vitamin A, were supplied intravenously with retinyl 
palmitate by TPN, the level of circulating retinol re- 
mained low (Table 3). even after 10 days of perfusion. 
By contrast, in 0-A- rats serum retinol was restored to 
a normal value shortly after per os supply of retinyl pal- 
mitate. I t  is noteworthy that the main circulating form 
of vitamin A was retinol in all experimental conditions, 
as animals were starved before serum analysis. 

TABLE 4. Pattern of h o l e  and apo-RPB in standard A' and A- 
rat serum 

Racs H o b R P B  A p R P B  TOMI RPB 

A+ (n = 8) 1075 f 83 129 2 22 1204 f 61 

A- (n = 6) 578 f 151" 401 f 33' 979 f 162 
(89.3 t 1.2%) 

(53.6 f 6.9%) 

(10.7 f 1.2%) 

(46.4 f 6.9%) 

Rats were fed for 4 weeks with either a vitamin A-containing diet 
(15.6 p o l  retinyl palmitate . kg-l . day-'. A') or  with a vitamin A- 
deficient diet (A-). H o l e  and apeRBP were measured in serum by 
PAGE immunoblotting under nondenaturing conditions. Values were 
obtained by scanning the intensity of the immunodetected band. Val- 

1 2 3 4 5  

# .JU+A. 

Ho~o-RBP 

Apo-RBP 

Fig. 2. lmmunoblotting analysis of serum and liver RBP of A- rats: 
eflect of TPN supplying vitamin A. A- rats were either submitted to 
TI" including vitamin A or  fed with a solid semisynthetic diet with 
a similar amount of vitamin A. A HoleRRP and apo-RRP in serum: 
sera run on PAGE, 7.5% acrylamide as described in Fig. 1; lane 1. A- 
rats; lane 2, TPN-A-, 5 days of perfusion; lane 3, 0-A , oral pair-fed 
control; lanes 4 and 5, experiments similar io 2 and 3, but with 7 days 
of TPN. R: RRP in liver: liver homogenates were run on SDSPACE 
in 15% acrylamide as in Fig. 1B. Two experiments were representative 
of 9: lane 1, A- rats; lane 2, TPN-A-; lane 3,0-A-; lanes 4 and 5 same 
experiment as 2 and 3. 

The pattern of serum RBP in 0-A- (Fig. 2A, lanes 3 
and 5, two experiments), became rapidly similar to A+ 
rats, presented in lanes 1 ,2 ,3  of Fig. 1A. We confirmed 
that the starting A- rats used for this experiment had 
mainly circulating apo-RBP (Fig. 2A, lane 1). In TPN- 
A- rats, a decrease in circulating total RBP was o b  
served, the most altered form being apo-RBP (Fig. 2A, 
lanes 2 and 4). Levels of total RBP correlated signifi- 
cantly with the concentration of circulating retinol ( r  = 
0.95, n = 9). 

Lane 1 in Fig. 2B showed the accumulation of RBP 
in A- rat liver. In liver from 0-A- rats, RBP was de- 
creased to a normal value (Fig. 2B, lanes 3 and 5). In 
TPN-A- (Fig. 2B, lanes 2 and 4, showing two similar ex- 
periments representative of nine) liver total RBP was 
decreased to a larger extent than in 0-A- rats, their oral 
pair-fed controls. Minor immunoreactive bands a p  
pearing under RBP were degradation products that can 
be easily avoided by adding antiproteases to the homog- 
enization buffer. Upper band intensities were attenu- 
ated and the apparent molecular weight did not corre- 
spond to RBP aggregates, suggesting a nonspecific 
binding of the antibody. Table 5 shows five similar ex- 
periments, comparing vitamin A and RBP status in 0- 
A- and TPN-A-. A high variability of RBP decrease was ., 

ues in parentheses are the relative proportion of h o l e  and a p R B P .  
Results are expressed in arbitrary intensity units and are mean f SEM 
of 6-8 animals. 

observed in serum. These results'revealed that a strong 
decrease in hepatic RBP during TPN was associated 
with a profound change in serum retinol and with a "P < 0.05; ' P  < 0.001 comparing A' and A- animals. 
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TABLE 5. Effect of TPN o n  vitamin A status and  RBP levels in A- rats 

Rate of Decrease of RRP 

In Serum 
Serum Liver Liver 

Experiment Retinol Retinol Recinyl Esters H o b  Ape- In Liver 

pmol. I - '  nmol. g-' nmol . g-' $Old 
Exp. 1 

TPN-A- 0.10 2.1 1 25.0 14 7 4 
0-A- 1.16 6.12 32.5 

TPN-A- 0.28 1.93 67.9 4 none detected 1.4 
0-A' 1.16 4.64 115.6 

TPN-A- 0.24 7.04 91.7 3 1.3 1.1 
0-A- 1.55 14.08 75.9 

TPN-A- 0.77 2.74 106.7 n d  n d  1.2 
0-A- 1.27 2.81 38.3 

TPN-A- 0.74 11.62 64.8 1.5 1.5 n o  change 
0-A- 1.62 12.32 79.6 

Exp. 2 

Exp. 3 

Exp. 4 

Exp. 5 

Vitamin A in serum and in liver was measured by HPLC. Results are  expressed as pmol o r  nmol retinol 
o r  as nmol retinyl esters per  liter serum o r  per  gram liver. RBP in plasma and in liver was detected by PAGE and 
SDSPACE immunoblottinganalysis, respectively. Bands were scanned with a densitometer; nd, not determined. 

decrease in liver retinol, the threshold being when se- 
rum retinol went below 0.35 pmol a 1-'. 

Effect of intravenous feeding on vitamin 
A-sufficient rats 

In TPN-A+, retinol in serum was reduced to 0.63 t 
0.10 pmol - I - '  (Table 3). In parallel, total RBP was de- 
creased to the same extent as retinol, the ratio of 
control /TPN being 1.65 2 0.20 for total RBP, and 1.98 
2 0.28 for retinol, mean 2 SEM of 5 experiments. 
There was a strong correlation between serum retinol 
levels and total RBP in TPN-A+ rats ( r  = 0.94, n = 6). 
Figure 3A shows, on SDSPAGE, that total circulating 
RRP was decreased during TPN (lane 1, one experi- 
ment representative of 5). In parallel, nondenaturing 
conditions were performed and revealed that TPN af- 
fected both apo- and holo-RBP to the same extent (not 
shown), inducing the almost complete disappearance 
of apo-RBP. 

In liver from A+ rats, TPN altered RBP content (Fig. 
3B, lane 1, one experiment representative of 3) as al- 
ready observed in A- rats. A cDNA probe specific for 
rat RBP mRNA was used to detect the amount of RBP 
mRNA in At livers. Figure 4 reveals that the steady state 
of specific RBP mRNA was decreased after TPN (lane 
1 and 3) compared to per os'fed animals (lane 2 and 
4, two experiments). Two bands were detected on the 
northern blot, using low stringency conditions to wash 
the hybridized filter. However, thus far, only one mRNA 
transcript has been described for RBP and the presence 
of these two bands could be due to a residual RNA base- 
pairing, formed during our experimental procedure. 

Intravenous feeding without retinyl palmitate 
To determine the involvement of retinyl palmitate in 

the alteration of serum retinol and RBP levels noticed 
during TPN, A+ rats were placed on TPN as described 
above but retinyl palmitate was omitted from the liquid 
diet. In those rats, serum retinol concentration was dra- 
matically decreased to 0.28 2 0.03 pmol 1 I - '  (n = 4) 
together with both forms of serum RBP (Fig. SA, lane 
1, one experiment representative of 4). In parallel, their 

""'1 - - I 

Fig. 3. Immunoblotting analysis of serum RBP from 'IT"-A' rats. A' 
rats were submitted to 5 days of TPN containing vitamin A. A sera 
were run o n  SDSPAGE, 15% acrylamide in order  to detect total RBP. 
B livers were homogenized and total RBP was revealed o n  SDSPACE 
immunoblotting analysis. o n e  experiment representative of 5. Lane 
1. TPN-A' rats; lane 2,.0-A' rats. 
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1 2 3 4  

Fig. 4. Northern blot analysis of  RBP mRNA in A+ liver. Liver total 
RNA waq prepared from A' liver and were hybridized with cDNA 
prohe of  rat RBP. Two experiments were performed: lanes 1 and 3, 
TPN-A'; lanes 2 and 4: 0-A'. 

pair-fed controls received per os a vitamin Adeficient 
diet during 5 days, and no change in circulating retinol 
or RBP was noticed (Fig. 5A, lane 2). Figure 5B repre- 
sents the RBP from liver of those rats under TPN (lane 
1 ) .  A strong decrease in RBP was observed, whereas in 
liver from rats fed a vitamin Adeficient diet per os, RBP 
remained normal (Fig.5, lane 2). 

DISCUSSION 

In this study we confirmed that vitamin A deficiency 
in rats induced a decrease in total RBP in serum, associ- 

1 2  

I 

Apo RBP 

Holo RB 

1 
Fig. 5. lmmunoblotting analysis of  serum and liver RBP from A' 
rats: effect of  TPN without vitamin A. Experiment was done as in Fig. 
2 on A' rats. A' rats were submitted to TPN for 5 days in the absence 
of  vitamin A. Their pair-fed controls received a solid diet deficient in 
vitamin A for the same period. A HobRBP and apo-RBP in serum: 
serum was run on PAGE immunoblotting, 7.5% acrylamide. One ex- 
periment was representative of 4. Lane I ,  A+ after TPN without vita- 
min A, lane 2, orally pair-fed control. B: RBP in liver: liver superna- 
tants were run o n  SDSPAGE immunoblotting, 15% acrylamide. Lane 
1 ,  A' rat after TPN without vitamin A; lane 2, A' rat pair-fed .5 days 
per os with vitamin A-deficient diet. 

ated with an accumulation of liver RBP. In parallel, we 
noticed in A- rats a pronounced increase of apo-RBP 
in serum (Fig. 1 and Table 4). Furthermore, after vita- 
min A per os feeding of A- rats, we showed that the 
recovery of serum retinol level (Table 3) was associated 
not only with a normalization of total liver RBP but also 
with a normalization of holo- and apo-RBP profile in 
serum (Fig. 2). The increase in apo-RBP and the accu- 
mulation of RBP in the liver during vitamin A deficiency 
certainly play a major role in the rapid mobilization of 
newly absorbed retinol. Previous works have shown that 
vitamin A deficiency did not affect hepatic RBP biosyn- 
thesis (5, 26), but altered hepatic RBP secretion (27). 
Furthermore, RBP was found to accumulate in the en- 
doplasmic reticulum of hepatocytes, due to a defect in 
intracellular transport of the newly synthesized RBP be- 
tween the reticulum endoplasmic and Golgi appara- 
tuses (28,29). This blockage was reversed by per os vita- 
min A feeding (30). 

When vitamin A was given by the intravenous route 
to A- rats, we showed that apo- and holo-RBP amounts 
were dramatically lowered in the serum and RBP was 
decreased in the liver to a lower extent than in A+ rats 
or in O-A- rats (Fig. 2). When TPN was performed in 
A' rats, a dramatic decrease in serum retinol was corre- 
lated to a decrease in total serum RBP (Fig. 3), corre- 
sponding to a massive decrease of both holo- and apo- 
RBP. Table 6 summarizes the effects of TPN performed 
in A' rats and A- rats on retinol and RBP in serum and 
in liver and points out that TPN-A' and TPN-A- had 
similar RBP and retinol profiles. It has been suggested 
by Gerlach and Zile (16) that circulating apo-RBP might 
act as a feedback signal favoring the release of retinol 
into the circulation. The loss of apo-RBP during TPN 
might be involved in the decrease in serum retinol. Low 
levels of vitamin A have been described in patients sub- 
mitted to TPN (13). Then a vitamin A deficiency was 
suspected. Several reports have mentioned an impor- 
tant loss of vitamin A occurring during the perfusion, 
due to adherence to the tubing and/or the photodegra- 
dation (31). In these studies vitamin A was provided as 
retinol in an aqueous multivitamin infusion (MVI). We 
used here retinyl palmitate complexed with lipid emul- 
sions, this formulation being shown to be more stable 
and not absorbed into the PVC tubing (21, 32). Our 
results clearly show that the mechanisms by which reti- 
nol and RBP were diminished in serum during continu- 
ous intravenous feeding were distinct from those in- 
volved in the vitamin A deficiency. 

Upon per os feeding, most of the retinyl palmitate 
is cleared from the circulation by the liver. However, 
extrahepatic tissues might also be involved and bone 
marrow has been shown to play a significant role in reti- 
nyl palmitate clearance (33). During TPN, retinyl pal- 
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TABLE 6. Summary of effects observed during TPN in rats on retinol and RBP 

Serum Liver 

Rats Retlnol HoloRBP ApoRBP Retinol Total RBP 

A+ tt tt tt tt tt 

TPN-At L L L L L 
0-At  <+ t t  t t  tt tt 

A L \. f l  L ?E 

TPN-A- L L L L L 
0-A- tt tt tt ++ ++ 

mitate was perfused associated with lipid emulsions (Vi- 
talipid, Kabi Vitrum) in order to mimic endogenous 
chylomicron remnant particles. However, little is known 
about retinyl palmitate uptake by the tissues during in- 
travenous feeding. A direct uptake of the lipid emul- 
sions by extrahepatic tissues might provide enough vita- 
min A to these tissues to cover their needs, rendering 
vitamin A liver reserves useless. The issue might be that 
normal transport of retinol was disturbed and we sug- 
gest that retinyl palmitate could be a signal that mod- 
ifies retinol homeostasis. In order to check this point, 
we performed TPN in the absence of retinyl palmitate. 
A decrease in serum retinol was reproduced, in parallel 
to serum and hepatic RBP decrease (Fig. 5) ,  as in perfu- 
sion supplying vitamin A. It is interesting to notice that 
in A' rats fed per os during 5 to 10 days with a vitamin 
A-depleted diet, circulating retinol and RBP were not 
altered, nor liver RBP or vitamin A reserves. Moreover, 
studies from our laboratory showed that vitamin A con- 
tent in extrahepatic tissues was the same during TPN 
or per os feeding. Altogether these data provide evi- 
dence for the presence of a signal other than retinyl 
palmitate, being involved in retinol and RBP alterations 
during TPN. However, we cannot also exclude that the 
interruption of the enterohepatic vitamin A cycle dur- 
ing TPN may be implicated in the disturbance of vita- 
min A homeostasis. 

In transthyretin-knock-out mice (34) and in rats in- 
jected intravenously (16) or orally fed (1 1) with retinoic 
acid, a decrease in serum retinol has been associated 
with an increase in circulating retinoic acid. Retinoic 
acid accumulating in serum might provide a sustained 
stimulus to the liver, signalling that no more retinol 
needs to be released (10). Thus, in our model, measure- 
ment of retinoic acid might provide interesting infor- 
mation on the origin of the abnormalities observed. 
Other nutrients, such as glucose or lipids, supplied in- 
travenously during TPN might also be involved in regu- 
lating vitamin A. Numerous studies referred to the role 
of nutrients in the regulation of proteins at genomic 
levels. For example, activity, synthesis, and mRNA levels 
of fatty acid synthetase are highly and directly regulated 

by glucose (35). Such effects of perfused nutrients must 
be considered and further explored. 

We have clearly shown that RBP decrease in the liver 
is paralleled by a slowdown in RBP translation, due to 
a decrease in the steady state level of RBP mRNA (Fig. 
4). The decrease in RBP occurring during TPN might 
be due to a transcriptional down-regulation or to an in- 
creased degradation rate of liver mRNA. 

The acute phase of protein or energy malnutrition 
(36) and zinc deficiency (37) have been shown to mod- 
ify vitamin A metabolism affecting hepatic RBP synthe- 
sis. In our model, perfused rats received enough energy 
to increase their body weight, and were supplied with 
0.66 mg . kg-' . day-' of zinc. This amount is in the 
range to maintain zinc in serum (38). However, little is 
known about zinc requirements during TPN and stud- 
ies in humans receiving TPN revealed zinc metabolism 
abnormalities (39, 40). Moreover, Smith (41) has em- 
phasized the metabolic relationship between zinc and 
vitamin A during inflammatory diseases. Inflammation 
was reported to induce systemic alterations in trace 
metal metabolism such as zinc (42), and to alter vitamin 
A transport and RBP mRNA production (43). Thus, in 
our model, inflammation response may be a confound- 
ing factor influencing RBP synthesis, as suggested by 
Rosales and Ross (44) in HIV-positive patients. Surgical 
stress in patients was shown to decrease retinol, RBP, 
and TTR in serum (45). These effects were reversed 4 
days after surgery. In our experiments, TPN was per- 
formed over a period of 5 days, this period of time being 
shown to be necessary to recover from surgery in rats 
under TPN (46). As infections also induce a decrease 
of the negative acute phase proteins, we performed bac- 
teriological analysis in serum and tissues of the TPN 
rats, revealing that they are free from infection. HOW- 
ever, we cannot exclude an inflammation of unknown 
origin. 

An increase in RBP utilization by tissues might con- 
tribute to the decrease in RBP in serum. A rise in RBP 
mobilization from liver associated with a decrease in se- 
rum RBP should be accompanied by a rise in the utiliza- 
tion or elimination of retinol and RBP. Free fatty acids 
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have been shown to increase retinol uptake and metab- 
olism in HepCP and other cell systems (47). During 
TPN in humans, in situ lipolysis of perfused lipids gen- 
erates an increase in circulating free fatty acids (48). 
They may increase uptake of retinol by tissues, induce 
an accumulation of apo-RBP in serum, and favor its 
elimination by the kidneys. This could explain, at least 
partly, the retinol and RBP decrease in serum during 
TPN. 

Intravenous feeding in rats modifies vitamin A metab- 
olism, inducing a strong decrease in circulating retinol, 
correlated with a decrease in circulating RBP. These ef- 
fects are observed whatever the vitamin A status of the 
perfused animals. Moreover, the liver RBP protein and 
the steady state of RBP mRNA were decreased in per- 
fused rats. RBP pattern in serum and in liver was differ- 
ent from that in vitamin A-deficient animals. Retinyl pal- 

involved in the down-regulation of RBP. More studies 
are needed to elucidate the involvement of other nutri- 
ents, such as zinc or lipids, and other mechanisms.l 

mitate circulating continuously during TPN w dS not 
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