
Free Rad.  Res., Vol. 33, pp. 139-146 
Reprints available directly from the publisher 
Photocopying permitted by license only 

,c~ 2000 OPA (Overseas Publishers Association) N.~Z 
Published by license under 

the Harwood Academic Publishers imprint, 
part of The Gordon and Breach Publishing Group. 

Printed in Malaysia. 

Oxidative Stress after Moderate to 
Extensive Burning in Humans 

A.M. PINTAUDI a,  L. TESORIERE b N. D'ARPA d, L. D'AMELIO d,  D. D'ARPA a, 
A. BONGIORNO c, M. MASELLIS d and M.A. LIVREA a,b,* 

a b Dipartimento di Farmacochimico Tossicologico e Biologico, Dipartimento di Scienze Farmacologiche, 
c d Dipartimento di Scienze Biotecnologiche in Medicina, Universita" di Palermo, Italy; Divisione di Chirurgia 
Plastica e Terapia delle Ustioni, Ospedale Civico, Palermo, Italy 

Accepted by Prof. H. Sies 

(Received 14 October 1999; In revised form 8 December 1999) 

Lipid peroxidation products,  l ipid antioxidants, and 
hematologic and blood chemistry changes were eval- 
uated in plasma of patients after acute burning injury 
involving 10% ( n - 8 ) ,  20% ( n - 8 ) ,  and 40% ( t l - 5 )  
of total body surface area (TBSA), 24 h after burning 
(baseline) up to 30 days after. Markedly  increased 
plasma levels of malondia ldehyde  (MDA) were ob- 
served at baseline in all patients, according to the extent 
of the injury, then the values declined progressively. 
However,  levels of MDA remained above normal up to 
30 days even in less injured patients. On the other hand, 
the plasma level of conjugated diene l ipid hydroper-  
oxides was only slightly higher than control at the 
baseline, then d ropped  under  the control value in all 
patients. Cholesterol showed a marked fall at baseline, 
followed by a rapidly progressive decrease, indicating 
a massive loss of circulating l ipids by the acute ther- 
mal injury. Because of such an extensive and rapidly  
spreading oxidative degradat ion of lipids, decomposi-  
tion of conjugated diene hydroperoxides,  produced 
in early stages of the peroxidat ion process, occurs, so 
these compounds  cannot be a suitable index to value 
l ipid oxidation in burned patients. 

Aldehydic  products  of l ipid peroxidation act as endo- 
toxins, causing damage to various tissues and organs. 
Damage to liver and decrease of erythrocyte survival  

were assessed by increased plasma levels of asparate 
and alanine transaminases,  within 7-15 days after 
injury, and by a decreased number  of red blood cells, 
which remained under  the normal  value at 30 days. 

A marked decrease of l ipid antioxidants, fl-carotene, 
vi tamin A and vitamin E was observed at baseline. 
The level of fl-carotene remained low in all patients at 
the end of the 30-day observation. A complete recovery 
of vi tamin A did not occur at 30 days post-burn,  even in 
the patients with 10% of burned TBSA. Plasma levels 
of vi tamin E decreased significantly in 1 -7  days after 
burn in all patients, but  these levels increased thereafter, 
with almost total recovery at 30 days. 

These data show evidence of a marked,  longqasting 
oxidant /an t ioxidant  imbalance in burned  patients, in 
accordance with the severity of the injury, which is also 
reflected as systemic oxidant  stress. 
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lipid hydroperoxides, lipid antioxidants, vitamin A, 
vitamin E 
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INTRODUCTION 

Acute thermal injury of skin causes a number 
of pathophysiological events, leading to a local 
response, development of burn shock syndrome, 
and distant organ damage. Ill Experimental evi- 
dence has associated these events with the inflam- 
matory reaction which is triggered by the acute 
injury. ~21 Complement activation and the intra- 
vascular stimulation of neutrophils result in the 
production of reactive oxygen species (ROS), 
which in turn bring about oxidation and release 
of cell components. Plasma lipid hydroperoxides 
have been shown to increase after the thermal 
injury in many animal models, ~3-5l as well as in 
patients. [6-1°1 On the other hand, damage to cell 
components and the imbalance between the oxi- 
dative injury and body defenses may rapidly lead 
to depletion of protective antioxidants. Enzymes 
such as superoxide dismutase (SOD) and catalase 
have been found markedly depressed respec- 
tively in plasma L31 and liver Elll of burned rats, 
whereas a decrease of antioxidant vitamins [7A2'13] 
and sulfhydryl groups ~71 has been observed in 
plasma of burned patients. However, we have no 
evidence of a long-term evaluation of oxidative 
stress, as compared to hematologic and blood 
chemistry evidence, which investigates the time- 
course of restoration of normal conditions. 

The aim of this study was to monitor the time- 
course of plasma levels of lipid peroxidation 
products in patients with acute thermal injury in- 
volving 10%, 20%, and 40% of total body surface 
area (TBSA), and to evaluate the level of fl-caro- 
tene, vitamin A and vitamin E since the thermal 
injury up to 30 days after. Some hematologic and 
blood chemistry parameters were also evaluated 
within the same time period to compare the sys- 
temic response with the oxidative stress. 

MATERIALS AND METHODS 

Patients 

Burned patients (n =21) admitted to the Burns 
Centre participated in this study, with informed 

consent. Patients ranged in age from 8 to 78 years. 
An adequate therapeutical protocol was applied 
to maintain patients free of shock and infections. 
Patients were divided into three groups on the 
basis of the extent of burns ranging from 10% 
to 40% TBSA. Eight patients had minor burns 
(10% TBSA), eight patients had major burns (20% 
TBSA), and five patients had serious burns (40% 
TBSA). Degree of thermal injury was not less than 
second degree in 10% and 20% TBSA burned 
patients, and third degree in those whose burned 
TBSA was 40%. All patients were immediately 
treated with a standard protocol of fluid resusci- 
tation (5% plasma protein solution), and received 
enteral nutrition without additional micronutri- 
ent supplementation, with the exception of vita- 
min C, I g per os, twice a day. Blood samples were 
obtained within 24h from admission (baseline, 
day 1), and at least twice a week during the 
30-day study period. Blood from 25 healthy sub- 
jects, aged 12-70, who did not take any medica- 
tion, was used as control. 

Sample Collection 

Whole blood from each patient was withdrawn 
by venipuncture and collected in 5 ml tubes con- 
taining 0.5 mg heparin. The tubes were gently 
mixed and immediately centrifuged at 2000g for 
10 min at 4°C. The analytical determinations were 
either performed immediately, or plasma was 
stored at -80°C and used within 72 h. 

Biochemical Analysis 

All-trans retinol and c~-tocopherol were extracted 
from 200 ~tl of plasma samples diluted to 1.0 ml 
with 0.15 M NaC1, with two volumes of absolute 
ethanol and eight volumes of petroleum ether. 
The organic extracts were gathered, dried under 
nitrogen, resuspended in suitable solvent, and 
analyzed by a LC-18 HPLC column as above, with 
methanol at 1.0mlmin -1. All-trans retinol and 
o~-tocopherol were detected at a wavelength of 320 
and 290 nm, respectively; all-trans retinol eluted at 
5 min and c~-tocopherol at 12rain. An automatic 
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OXIDATIVE STRESS 

wavelength change after 8min  al lowed the 
detection of both compounds  in the same sam- 
ple. All procedures  were per formed under  red 
dim light to preserve light-sensitive vitamins. 
fl-Carotene was extracted from 500gl serum 
samples, di luted with 0.15M NaC1, with I vol 
of methanol  and 3vol  of hexane :d ie thy l  ether 
(1 : 1, v o l  vol). The extracts were  then dried under  
nitrogen, resuspended  with a mixture  of aceto- 
nitrile : methanol  : te t rahydrofurane  (58.5 : 35 : 6.5, 
vo l :vo l :vo l ) ,  and analyzed with the same sol- 
vent  by  a HPLC Supelco Supelcosil LC-18 column 
(0.46 x 25 cm) (Bellefonte, PA), at a flow rate of 
2.5 ml min -1. Recording was at 450 nm. 

Conjugated diene (CD) lipid hydroperoxides  
were extracted from 500 gl of plasma by CHC13 : 
MeOH (2:1, vol :vol) .  The organic extract was 
dried under  a nitrogen stream, resuspended  in 
cyclohexane,  and quanti tated spectrophotometr i -  
cally at 234 nm; c -- 27,000 M i cm-1. Malondial- 

dehyde  (MDA) was evaluated in 50 btl plasma 
samples by  colorimetric reaction with thiobarbi- 
turic acid (TBA), fol lowed by  neutral izat ion of 
samples by  equivalent  volumes of a mixture  
consisting of 4.5ml 1.0M N a O H  and 45.5ml 
methanol.  Isocratic high performance liquid 
chromatography  (HPLC) separation of the MDA 
adduct  was per formed by  a Supelco Supelcosil 
LC-18 column (0 .46x25cm)  (Bellefonte, PA), 
eluted with 40% methanol  in 50M potass ium 
phosphate  buffer, pH 6.8, at 1 .5mlmin  -1. The 
M D A - T B A  adduct  was fol lowed at 532 n m and 
quantified by  reference to a calibration curve of 
1,1,3,3-tetraethoxypropane (TEP). 

Total plasma cholesterol, aspartate transami- 
nase (AST) and alanine t ransaminase (ALT) were 
evaluated in serum from fasting individuals by  
using commercial  analytical kits f rom Sigma 
(St. Louis, MO). 

Statistical Analysis 

Results are expressed as means  + s tandard  devia- 
tion (SD). Compar ison between controls and 
burned  patients was per fo rmed  by the unpa i red  
Student 's  t-test. 

IN BURNED HUMANS 141 

RESULTS 

The extent and t ime-course of lipid peroxidat ion 
in burned  patients were moni tored  by plasma 
levels of MDA and of CD hydroperoxides ,  and 
by  measur ing the plasma concentrat ion of cho- 
lesterol. MDA showed  a sharp rise at the baseline 
(day 1) in all patients according to the extent of 
the burned  TBSA (Figure 1). Levels of MDA, from 
a control value of 1.0-t-0.11gM to 2.274-0.16, 
3.07 ± 0.29, and 3.77 ± 0.35 ~M were measured  
in patients with 10%, 20%, and 40% of burned  
b o d y  surface, respectively (Figure 1). The peak 
value was observed at day  1 after burn,  then the 
level started decreasing. However ,  plasma MDA 
remained above normal  at the end of the 30-day 
observat ion in all patients. 

Levels of CD appeared slightly higher  than 
the control value at the baseline, in all patients 
(Figure 2(a)). Then a rapid decrease was observed.  
The incremental  decrease was higher  in the most  
injured patients, and plasma CD levels marked ly  
lower than control were observed at day 15 in 
20% and 40% TBSA burned  patients (Figure 2(a)). 
This may  indicate a rapid cleavage of oxidatively 
degenera ted  lipids. Information on the lipid status 
of the patients were obtained by measur ing cho- 
lesterol, as an index of circulating lipids, dur ing  
the post-burn period. A massive loss was evident  

6 

-° 4 
E 

0 

0 1 7 15 30 

Days after burn i n j u r y  

FIGURE 1 Plasma levels of MDA in burned patients. Each 
point is the mean ± SD of the values obtained from ~ patients; 
I0% TBSA burned patients (-0-, n = 8); 20% TBSA burned 
patients (-I1-, n = 8); 40% TBSA burned patients (-A-, n -  5). 
With respect to control, values are: *, significant with 
p < 0.001. 
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FIGURE 2 P lasma  levels of CD hydroperox ides  (a) and  cho- 
lesterol (b) in bu rned  patients.  Each point  is the m e a n  ± SD 
of the  values  obtained f rom n patients;  10% TBSA burned  
pat ients  ( -0 - ,  n --8); 20% TBSA bu rned  pat ients  (-II-, n = 8); 
40% TBSA b u r n e d  pat ients  (-A-,  n = 5 ) .  With respect  to 
control, va lues  are: *, s ignificant  wi th  p < 0.001; **, signifi- 
cant  with p < 0.05; ***, non-significant .  
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at the baseline in 20% and 40% TBSA burned 
patients (Figure 2(b)). A progressive decrease was 
observed in all patients after one day from burn, 
and levels which were 68%, 55%, and 45% of the 
control value were measured at day 15 after injury, 
in patients bearing 10%, 20%, and 40% of burned 
TBSA, respectively. An increase of plasma choles- 
terol was monitored in 15-30 days, but a resump- 
tion of control levels was observed only in the 
less injured patients (10% TBSA, Figure 2(b)). The 
marked and rapid depletion of plasma lipids 
may account for the apparently small portion 
of circulating CD lipid hydroperoxides observed 
in burned patients, since these compounds, 
produced only in early stages during the lipid 
peroxidation process, decompose to give other 

I i I i 
1 7 1~5 30  

D a y s  af ter  burn injury 

FIGURE 3 P la sma  levels of  AST (a) ALT (b) and  red blood 
cells count  (c) in bu rned  pat ients .  Each poin t  is the  m e a n  ± 
SD of the va lues  obtained f rom 1l patients;  10% TBSA 
bu rned  pat ients  ( -0 - ,  n - -8 ) ;  20% TBSA b u r n e d  pat ients  
(-I1-, n = 8 ) ;  40% TBSA b u r n e d  pat ients  ( -A-,  n = 5 ) .  With 
respect  to the  baseline, va lues  are: *, s ignif icant  wi th  p < 
0.001; **, s ignificant  wi th  p < 0.05; ***, non-signif icant .  ~ indi- 
cates the no rma l  u p p e r  level. 

products so that increased steady-state concen- 
trations cannot be found. 

Reactive aldehydes as MDA are agents of cyto- 
toxicity. [14] Increased amounts of such compounds 
may cause damage to various tissues and organs, 
permitting leakage of enzymes into the blood- 
stream. To monitor liver damage, serum levels of 
ALTand ASTwere measured (Figure 3(a) and (b)). 
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OXIDATIVE STRESS IN BURNED H U M A N S  143 

The plasma levels of both enzyme activities did 
not appear significantly varied with respect to the 
normal values in the 10% TBSA burned patients, 
whereas increased levels were observed at 7 and 
15 days in patients with 20% and 40% burned 
TBSA, the more the injury, the more the increase 
(Figure 3(a) and (b)). Oxidative alteration to 
erythrocytes cause premature destruction. Red 
cell count provided evidence that the erythrocyte 
number decreased markedly in all patients within 
1-15 days, then the number of red blood cells 
remained significantly lower than the initial value 
at the end of the 30-days observation (Figure 3(c)). 

The extent of oxidative stress may be estimated 
by measuring the total antioxidant potential of 
plasma. [151 However, such a global index was 
not considered by taking into account that the 
patients received plasma protein solution, and 
vitamin C. The time-course of changes in the 
level of the lipid-soluble antioxidants fl-carotene, 
vitamin A, and vitamin E were monitored. The 
absolute plasma concentration was considered, 
because the extent of the fall of plasma lipids 
makes meaningless and misleading the variation 
of the levels in the groups of patients. All the com- 
pounds showed a marked fall, with respect to 
control, which was related to the severity of injury, 
within 1-7 days after burning (Figure 4). The 
levels of fl-carotene remained low in all patients 
at the end of the 30-day observation (Figure 4(a)). 
Some resumption of vitamin A was observed, but 
a complete recovery did not occur at 30-days 
post-burn, even in the 10% TBSA burned patients 
(Figure 4(b)). On the other hand, plasma levels 
of vitamin E appeared less altered than those of 
vitamin A. Recovery of vitamin E occurred within 
30 days in 10% and 20% TBSA burned patients, 
and a 75% resumption was observed in those 
with a 40% burned TBSA (Figure 4(c)). 

D I S C U S S I O N  

There is evidence that immunological and bio- 
chemical changes are associated with the thermal 
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FIGURE 4 P la sma  levels of fl-carotene (a), v i t amins  A (b) 
and  v i tamin  E (c) in bu rned  patients.  Each point  is the 
m e a n ± S D  of the va lues  obtained from n patients;  10% 
TBSA burned  pat ients  (-O-, n - 8 ) ;  20% TBSA b u r n e d  
pat ients  ( - . - ,  n - 8 ) ;  40% TBSA bu rned  pat ients  (-A-,  
n -  5). With respect  to control va lues  are: *, s ignificant  wi th  
p < 0.001; **, s ignificant  wi th  p < 0.05; ***, non-signif icant .  

injury. Formation of xanthine oxidase-derived 
oxidant and release of burn toxin from the site 
of injury are considered the main responsible of 
local burn edema, and of distant inflammatory 
damage with further oxidant release, leading to 
chronic inflammation and systemic organ dys- 
function. [16-181 This work provided informa- 
tion on the time-course of various biochemical 
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144 A.M. PINTAUDI et al. 

parameters of oxidative damage, and compared 
the systemic response with the oxidative stress, 
in burned patients for a 30 days long period. 

Oxidant-induced lipid peroxidation occurs 
immediately after burn injury, [3-5'7 9,18 24] how- 

ever the initial increase of lipid peroxides last 
only a few hours, and again increase with the 
onset of burn tissue inflammation. [5] Systemic 
lipid peroxidation has been reported in burned 
patients at 5 and 10 days after burn. I6] In accor- 
dance, plasma levels of MDA were very high in 
all our patients at day i from injury, and showed 
a peak 7 days post-burn. More importantly, our 
study reports that, although plasma levels of 
MDA declined within 15-30 days, they remained 
over normal even in burned patients who exhib- 
ited only a 10% burned TBSA. This may be 
indicative that the systemic inflammation is not 
completely done even in the less injured patients. 
The decreased number of erythrocytes, which is 
still observed in the late post-burn period, may be 
accounted for by the long-lasting increased level 
of toxic MDA. 

Extracts from burn plasma at 1 and 3 h yield 
CDs which, although non-specific and transient, 
have been considered as an indication of the 
magnitude of initial trauma or of the ensuing 
leucocyte-mediated inflammatory response. 125j 
We have evidence that levels of CDs that appeared 
slightly higher than control at the baseline (day 1), 
underwent a paradoxical sharp decrease during 
the post-burn period. The parallel fall of circulat- 
ing lipids, as expressed by the cholesterol levels, 
during the entire period of observation, provides 
evidence that lipid peroxidation is so extensive 
and rapid that the steady-state level of CD 
hydroperoxides, produced in early stages of the 
oxidation process, is very low. Therefore, while 
MDA may show progress of oxidative systemic 
dysfunction, CD cannot be a long-term index for 
assessing the oxidative status of burned patients. 

Various early and delayed factors may account 
for the observed decrease of plasma cholesterol, 
including a rapid oxidation of low density lipo- 
protein, and demand by burn tissues to support 

new membrane synthesis. A decreased sterol 
synthesis because of liver damage, is also to be 
considered, at least in the most injured patients. 
The leakage into the bloodstream of enzymes 
such as ALT and AST, which has been observed 
in our burned patients, as well as in previous 
studies, E6"1°1 within 7-15 days from injury, is in 
accordance with this issue. 

Bioactive molecules such as ROS are necessary 
to the cell defense, E261 and to cell growth and pro- 
liferation as  w e l l ,  [27] but a proper balance must be 
secured. Burned patients should face two major 
problems, i.e. the endotoxic shock and formation 
of hypertrophic dermal scarring. Excess of ROS 
and free radicals are involved in both pro- 
cesses. I28-31~ Therefore, the marked decrease of 
plasma antioxidants, especially in the most seri- 
ously burned patients, which is the consequence 
of the oxidative injury, is also to be considered as 
a condition contributing to both a delayed healing 
and to the risk of hypertrophic scars. A dramatic 
fall of the plasma level of vitamin A is known 
after burn injury. [121 We observed that/j-carotene, 
vitamin A and vitamin E are rapidly depleted 
after burning, and that the level of /J-carotene 
and vitamin A remained lower than control at 
30 days, although patients received a complete 
enteral nutrition. Liver is responsible for the 
release into the bloodstream of vitamin A, as a 
RBP complex, and of vitamin E into lipoproteins. 
Impairment of the liver function may concur to 
the decrease of blood levels of both vitamins. 
Since patients receive vitamin C as a supplement, 
some recycling of the oxidized vitamin E may 
occurl [29] which may explain why the level of 
vitamin E is more easily recovered, whereas that 
of vitamin A is not. On the other hand, the plasma 
levels of carotenoids reflect dietary intake and 
absorption, [321 and consumption by oxidative 
stress as well. 

The importance of antioxidants under situa- 
tion of burn injury may be appreciated in con- 
sideration that non-survivors (seven out of 
thirteen burned patients) demonstrated increased 
consumption of antioxidants compared with 
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OXIDATIVE STRESS IN BURNED HUMANS 145 

s u r v i v o r s .  ]71 This  m a y  i n d i c a t e  i n a d e q u a t e  ant i -  

o x i d a n t  p r o t e c t i o n  in n o n - s u r v i v o r s ,  a n d  can  a l so  

s u g g e s t  a n t i o x i d a n t  s u p p l e m e n t a t i o n  to p r o m o t e  

m a i n t e n a n c e  of  d e f e n s e  m e c h a n i s m s .  A n t i o x i -  

d a n t s  m a y  be  of  he lp  at  v a r i o u s  leve ls  af ter  

t h e r m a l  injury.  Def ic i t  of  cell  ATP a n d  to ta l  

a d e n i n e  n u c l e o t i d e s  in b u r n - i n d u c e d  s y s t e m i c  

o r g a n  d y s f u n c t i o n  in ra ts  m a y  be  p r e v e n t e d  b y  

a d m i n i s t r a t i o n  of w a t e r - s o l u b l e  a n t i o x i d a n t s ,  ]331 

s u g g e s t i n g  a cause  a n d  effect  r e l a t i o n s h i p  be-  

t w e e n  i n c r e a s e d  o x i d a n t  r e l ease  w i t h  i n f l a m m a -  

t ion,  d e c r e a s e d  a n t i o x i d a n t  ac t i v i t y  a n d  a l t e r e d  

cell  energe t i cs .  M o r e o v e r ,  o t h e r  r e p o r t s  s h o w e d  

that ,  w i t h  r e s p e c t  to u n t r e a t e d  pa t i en t s ,  the  

a d m i n i s t r a t i o n  of SOD to b u r n e d  p a t i e n t s  p re -  

v e n t e d  ra i se  of p l a s m a  CDs  f o r m e d  as  the  r e su l t  

of o x y g e n  r a d i c a l  p r o d u c t i o n .  I341 A d m i n i s t e r i n g  

f l -ca ro tene  e n t e r a l l y  has  a p p e a r e d  u se fu l  to a 

r a p i d  r e c o v e r y  of p l a s m a  l eve l  of  f l - ca ro tene  a n d  

l ycopene ,  t131 V i t a m i n  A a n d  v i t a m i n  E h a v e  ro les  

in p r o c e s s e s  i n v o l v e d  in i m m u n e  a n d  i n f l a m m a -  

to ry  r e sponse s .  [35'361 This  a p p e a r s  of  i n t e re s t  in 

tha t  p o s t - b u r n  i m m u n o s u p p r e s s i o n  occur s  a f te r  

a m a j o r  b u r n  injury.  I371 There fo re ,  b e s i d e s  the i r  

a c t i v i t y  a g a i n s t  o x i d a t i o n  of  p l a s m a  a n d  LDL 

l ip id s ,  [38,39] b o t h  v i t a m i n s  a re  of h e l p  in  the  pos t -  

b u r n  care.  P l a s m a  leve ls  of  c~-tocopherol  w e r e  

i n v e r s e l y  c o r r e l a t e d  w i t h  the  leve l  of  the  p r o -  

i n f l a m m a t o r y  i n t e r l euk in -8  in  b u r n e d  pa t i en t s .  [13] 

In a d d i t i o n ,  v i t a m i n  A a n d  v i t a m i n  E m a y  affect  
p r o d u c t i o n  of c o l l a g e n  f ibers ,  [4°'411 w h i c h  c o u l d  

con t ro l  f o r m a t i o n  of  h y p e r t r o p h i c  scars .  M a i n -  

t enance  of a d e q u a t e  leve ls  of b o t h  v i t a m i n s  m a y  

be  a d v i s e d .  
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