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ARTICLE INFO ABSTRACT
Article history: Background: Proper fluid resuscitation can relieve visceral damage and improve survival in
Accepted 13 September 2018 severely burned patients. This study compared the effectiveness of resuscitation with

400mEq/L hypertonicsaline (HS) and sodium lactate Ringer’s solution (LR) in rats with kidney
injury caused by burn trauma.
Methods: Rats (Sprague-Dawley) underwent burn injury and were randomized into sham, LR,

Keywords: and HS groups. Samples from the kidney were assayed for water content ratio,
Burns histopathology, and oxidative stress (superoxide dismutase (SOD) and malondialdehyde
Hypertonic saline (MDA)). Serum sodium, renal function (creatinine and cystatin (Cys)-C), and inflammatory
Kidney response (tumor necrosis factor (TNF)-c, interleukin (IL)-1[3, and high mobility group protein
Inflammation box (HMGB)-1) were also examined as serum markers.

Oxidative stress Results: Hypertonic saline resuscitation reduced the renal water content ratio and improved

renal histopathology caused by severe burns. This effect was accompanied by reductions in
serum creatinine and Cys-C as well as TNF-a, IL-1f3, and HMGB1. Serum sodium
concentration and SOD activity were increased, whereas MDA content was decreased in
the kidney tissue of the HS group.
Conclusions: The data indicate that 400mEq/L HS solution reduces hyponatremia and renal
edema, inhibits the release of inflammatory mediators, and alleviates oxidative stress injury,
thus protecting against kidney injury induced by severe burns.

© 2018 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction syndromes, which can increase the mortality rate of burn
patients. The frequency of acute kidney injury (AKI) among
adultsin the early stages after burn injury ranges from 26.6% to

Severe burns can cause a sharp decline in renal function, 53.3% [1,2]. Timely and appropriate fluid resuscitation is

leading to acute renal failure and multiple organ dysfunction critical for effective burn treatment and can reduce the
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incidence of post-burn shock and visceral dysfunction and
improve survival, especially for patients with more than half of
the total body surface area (TBSA) burned [3].

The Parkland-Baxter formula is a frequently adopted
clinical guideline for resuscitation during burn shock and
can reduce the rate of acute renal failure resulting from
hypovolemic shock [4,5]. Lactate Ringer’s solution (LR), which
has a lower sodium content (130mEqg/L) than extracellular
fluid, is frequently used for resuscitation, but excess fluid
volume can also cause tissue edema, hyponatremia, abdomi-
nal compartment syndrome, and other complications [6,7].
Hypertonic saline solution (HS) can be a substitute for LR, with
advantages of lower fluid volume, rapid expansion, and fewer
complications than an isotonic solution [8,9]. Hypertonic
saline used alone or in combination with colloids and other
drugs has anti-inflammatory effects and reduces the inci-
dence of visceral hemorrhagic shock and sepsis in animal
models [10,11]. Hypertonic lactate solution (240-300mEq/L Na
*) has been successfully used to treat burn patients [12]. A
recent study [13] showed that 3% HS (513mEqg/L Na*) was
superior to 7.5% HS (1283mEqg/L Na*) and LR in terms of efficacy
and safety in patients with hypovolemic shock. However, a
death case, which was related to hypernatremia and hyper-
osmolar complications following HS resuscitation on severe
burn patients was recorded [14]. Another report showed that
excessive use of hypertonic saline solution canresultin arapid
decrease in urine output when serum sodium is higher than
160mEq/L or when osmotic pressure is higher than 340mosm/
L [15].

Regarding the advantages and disadvantages of HS solu-
tion, the question arises as to whether it is the best choice for
burn patients in comparison with LR solution. Therefore, we
addressed this in the current study using 400mEg/L Na* HS,
where sodium concentration was slightly higher than the
Monafo formula computational requirements, in comparison
with LR resuscitation. Sodium concentration, renal function,
inflammatory mediators, and oxidative stress were examined
to validate the effects of higher concentration of HS on the
kidney.

2. Materials and methods
2.1. Reagents

NaCl for injection and LR were from Japan Otsuka Pharma-
ceutical Co. (Tokyo, Japan). Enzyme-linked immunosorbent
assay (ELISA) kits for Cys-C, TNF-a, IL-13, and HMGB 1 were
from Applygen Technologies (Beijing, China). Superoxide
dismutase (SOD) and malondialdehyde (MDA) kits were
obtained from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China).

2.2. Animals

Female Sprague-Dawley rats (n=56, weight: 200-250g) were
from the Anhui Medical University Center of Experimental
Animals (Hefei, China). Experiments were permitted by the
Anhui Medical University Animal Care and Use Committee.
Animals were given water and food ad libitum and housed in

the laboratory for a week before they were used for
experiments.

2.3.  Experimental design

Rats were randomly distributed into sham (n=38) and experi-
mental (n=48) groups, and were anesthetized by intraperito-
neal injection of 10% chloral hydrate (300mg/kg) with
complete caudal vein catheterization. Rats in the sham group
were submerged in 37°C water without any fluid resuscitation,
whereas those in the experimental group were scalded on the
back with 98°C boiling water for 12s to cause a 30% TBSA burn.
The burned rats were divided into two groups (n=24 per group)
that were treated with LR and 400mEqg/L HS via tail vein
injection. The content of 1L of HS resuscitation fluid comprised
846mL of LR with 154mL of 10% NaCl. The HS resuscitation
fluid consisted of Na* 400mEq/L, K* 3.4mEq/L, Ca®** 2.5mEq/L,
and Cl~ 355mEq/L. Rats in the LR group were resuscitated with
LR in accordance with the Parkland formula (4mL/kg body
weight/1% TBSAburn), and 12.5% and 50.0% of the total volume
was added before 2 and 8h, respectively. The fluid applied
during the first 24h was administered based on the volume of
hypertonic fluid, which was calculated to give the same
sodium load as estimated by the Parkland formula (sodium
0.52mEqg/kg body weight/1% TBSA burn) in the HS group
(1.3mL/kgbody weight/1% TBSA burn). Samples were collected
2, 8, and 24h after resuscitation.

2.4.  Determination of renal water content ratio

The rat kidneys were carefully washed with saline, surface
moisture was removed, and they were then wet-weighed and
placed into a 75°C oven for 72h to get the dry weight. Finally,
the renal water content ratio was then calculated.

2.5.  Histopathological analysis of the kidney tissue

The kidney tissues were embedded in 10% formaldehyde
solution followed by dehydration, clearing, paraffin-embed-
ding, and sectioning at a thickness of 3 um. These sections
were stained using hematoxylin and eosin, and the renal
pathological morphology was observed under a light micro-
scope (Leiea Co., Germany).

2.6.  Measurement of serum sodium, renal function, and
inflammation

The concentration of serum sodium and creatinine was
measured using an automatic biochemical analyzer (Boeh-
ringer Mannheim, Germany). Serum Cys-C, TNF-c, IL-1f3, and
HMGB1 concentrations were examined by ELISA kits according
to the manufacturer’s instructions.

2.7. Measurement of oxidative stress

SOD activity and MDA content in the kidney tissue were
examined by commercial kits according to the instructions of
the manufacturer. Briefly, the tissue was weighed and
homogenized in physiological saline at low temperature
resulting in 10% (wt/vol) kidney homogenate. The



BURNS 45 (2019) 641-648

643

homogenate was centrifuged at 2500rpm for 10min at 4°C.
The concentration of supernatant was diluted to 0.5% with
normal saline to detect SOD activity. Another part of the 10%
kidney tissue homogenate was measured for MDA content,
and the actual MDA content was calculated based on the
absorbance at 532nm.

2.8.  Statistical analysis

The data are expressed as the mean+SD and were analyzed
using SPSS 19.0 statistical software. Statistical analyses were

performed using one-way analysis of variance, followed by S-
N-K q test. P<0.05 was deemed significant.

3. Results

3.1.  HS resuscitation protects against hyponatremia
caused by severe burns

Serum sodium was measured to compare the two resuscita-
tion fluids associated with hyponatremia in severe burn rats.
LR resuscitation significantly decreased serum sodium con-
centrationin the LR group relative to the sham group after burn
injury (P<0.01, Fig. 1), but this decrease in sodium concentra-
tion was prevented in rats receiving HS resuscitation in
comparison with the LR group after severe burn injury at each
time point (P<0.01).

3.2.
burns

HS resuscitation reduces renal edema caused by severe

The renal water content ratio was calculated to estimate the
renal edema between the two treatment groups. The renal
water content ratio was increased in both the LR and HS
groups after injury relative to that in the sham group and
was higher in the LR group (P<0.01, Fig. 2). The water
content ratio was increased at 2h after burn injury in the
two treatment groups, with a peak at 8h, but declined
slightly at 24h.
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Fig. 1 - Effect of hypertonic saline resuscitation (400mEq/L) on

"P<0.01, vs. sham group; **P<0.01, vs. LR group.

3.3. HS resuscitation improves renal histopathology after
severe burn

Rats in the sham group had intact renal tubules as shown in
Fig. 3A. Damage to the renal tubules was observed after a 30%
TBSA burn in rats. Severe renal tubular injury and interstitial
inflammation was demonstrated in the LR group at 8h after
burn trauma (Fig. 3B). The deterioration of the renal tubule
injury and edema were mitigated by HS treatment after burn
(Fig. 3C). Fig. 3D shows the pathological injury score of the renal
tubules of burned rats in each group. The renal tubule score in
the LR group relative to the sham group after 8h was greatly
increased, and it declined with HS resuscitation (P <0.05).

3.4.  HS resuscitation reduces serum creatinine and Cys-C
levels induced by severe burn injury

Compared to the sham group, serum concentrations of
creatinine and Cys-C were increased to varying degrees in
the LR and HS groups after burn trauma, with lower levels in
the latter (Fig. 4A). Serum creatinine levels were similar
between the two treatment groups 2h after injury (P>0.05) but
differed significantly at 8h (P<0.05). Serum Cys-C concen-
trations were increased significantly in the LR group but
reduced with HS resuscitation at 2h after injury, and this
difference persisted for up to 24h (P<0.01, Fig. 4B).

3.5. HS resuscitation reduces serum TNF-c, IL-1[3, and
HMGB1 concentrations following burn injury

A large number of inflammatory factors were released into the
blood after the injury. Serum levels of TNF-a and IL-1f3 began to
increase in the two treatment groups at 2h and peaked at 8h before
declining slightly at 24h. Compared to those in the LR group, the
serum TNF-a and IL-1[3 levels were decreased at 2h in the HS group
(P<0.01, Fig. 5A and B), and this effect persisted for up to 24h. The
serum HMGB1 concentration was unaltered 2h after injury relative
to that in the sham group but increased at 8 and 24h after injury.
HMGB1 levels were similar between the two treatment groups 2h
after injury but differed significantly at 8 and 24h (P <0.01, Fig. 5C).

8h 24h

serum sodium induced by 30% TBSA full-thickness burn.
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Fig. 2 - Effect of hypertonic saline resuscitation (400mEq/L) on renal water content ratio induced by 30% TBSA full-thickness
burn. "P<0.01, vs. sham group; **P<0.01, vs. LR group.
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Fig. 3 - Effects of hypertonic saline resuscitation (400mEq/L) on renal histopathology at 8h after severe burn (100x). A: sham
group. B: LR group. C: HS group. D: renal tubule score in each group. P<0.05, "P<0.01, vs. sham group; *P<0.05, vs. LR group.
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Fig. 4 - Effect of hypertonic saline resuscitation (400mEq/L) on changes in renal function induced by 30% TBSA full-thickness
burn. 'P<0.05, P<0.01, vs. sham group; *P<0.05, #*P<0.01, vs. LR group.

3.6.  HS resuscitation increases SOD activity and reduces
MDA accumulation in kidney following burn injury

The SOD activity in the kidney began to decline in the two
treatment groups 2h after burn injury relative to the sham
group and then increased at 8h before declining once more at
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24h. The SOD activity was reduced with HS resuscitation
compared to LR ateach time point (P<0.05, Fig. 6A). The kidney

MDA content in the LR group was significantly increased

8, and 24h (P<0.05).
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relative to the sham group after injury (P<0.05, Fig. 6B). The
rats receiving HS resuscitation prevented these increases at 2,
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Fig. 5-Effectof hypertonicsaline resuscitation (400mEq/L) on inflammatory response induced by 30% TBSA full-thickness burn.
‘P<0.05, "P<0.01, vs. sham group; **P<0.01, vs. LR group.
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Fig. 6 - Effect of hypertonic saline resuscitation (400mEq/L) on oxidative stress induced by 30% TBSA full-thickness burn.
'P<0.05, "P<0.01, vs. sham group; P <0.05, **P<0.01, vs. LR group.

4, Discussion

Disruption of the sodium-ATPase pump induced by severe
burn results in sodium ions inflow, which causes the transfer
of water along the osmotic gradient into the cell, thereby
leading to hyponatremia [16]. Excessive fluid, with sodium
content below the normal blood sodium level (142mEqg/L Na*),
entering the body fluid can aggravate hyponatremia and tissue
cell edema. Therefore, the best method for quickly correcting
hyponatremia and restoring the extracellular sodium concen-
tration during the shock stage of burn is infusion with
hypertonic saline. Hypertonic resuscitation with mild sodium
concentration has been shown to successfully prevent
hyponatremia caused by LR solution after burn injury [17].
In this study, 400mEg/L HS abolished the incidence of
hyponatremia after severe burn, and the total sodium
depletion did not increase, indicating that the serum sodium
concentration was less than 160mEq/L.

The kidney is the most important excretory organ in the
human body, which plays a vital role in maintaining the
balance of water, electrolytes and acid-base, and the stability
of the internal environment. Burns larger than 20% TBSA can
lead to considerable loss of extracellular fluid and plasma
albumin, which can induce hypovolemic shock and hypo-
albuminemia; moreover, larger burn areas are associated
with an increased risk of ARF [18,19]. Our previous study
found that the use of hypertonic saline in severely burned
rats can significantly reduce lung and intestinal edema
[17,20]. HS has been confirmed to reduce brain edema caused
by traumatic brain injury, thereby preventing secondary
brain damage [21]. In this study, HS resuscitation (400mEq/L
Na*) successfully decreased renal water content relative to
LR, indicating that HS can effectively reduce renal edema
caused by burn trauma. This was confirmed by our
histopathological analysis, which revealed that renal tubular
epithelial cell edema and renal tubular injury were improved
by HS resuscitation (Table 1).

Serum creatinine is excreted through glomerular filtra-
tion into the urine, whereas the glomerulus provides the only
means of removing Cys-C from the circulation. The levels of

both molecules are markers of renal function reflecting
glomerular filtration function [22,23]. In our study, 400mEq/L
HS reversed the increases in serum creatinine and Cys-C
levels to a greater extent than LR in rats with burns covering
30% TBSA. The results were consistent with a previous study
in which 7.5% HS alleviated renal dysfunction in a rat model
of ischemia/reperfusion [24]. Other studies have reported
that HS reduced the serum Cys-C level after coronary artery
bypass grafting, thereby reducing the risk of AKI [25]. Thus,
HS may preserve renal function after trauma by abrogating
the reduction in GFR. The similar serum creatinine concen-
trations in the two treatment groups 2h after burn injury
suggests that the creatinine level is not a sufficiently
sensitive biomarker for early diagnosis of kidney injury,
and that slight renal impairment does not trigger significant
changes. In comparison, Cys-C is a more sensitive biomarker
for early or mild kidney injury [26]. Indeed, we observed that
serum Cys-C levels were significantly increased 2h after
injury in both the treatment groups.

Various proinflammatory factors and cytokines are re-
leased following burn trauma that can induce systemic
inflammation and cause organ damage. Kupffer cells are the
primary source of TNF-a and IL-1f3, which are associated with
inflammation in the early stages of burns [27,28]. In our study,
TNF-a and IL-1( concentrations were reduced by HS com-
pared to LR treatment, suggesting that HS may reduce
inflammation induced by burn injury. This is in agreement
with a study demonstrating that treatment with 10% HS

Table 1 - Mc Whinnie’s score of renal tubule injury.

Score Representation

0 Normal structures

1 Tubular epithelial swelling, nuclear condensa-
tion, loss of the brush border with up to one third of the
tubular profile exhibiting nuclear loss

2 More than one-third but less than two-thirds of
the tubular profile exhibiting nuclear loss

3 Over two-thirds of the tubular profile exhibiting

nuclear loss
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reduced Na/K/C1 co-transporter 1 expression by suppressing
the release of TNF-o and IL-1f3 by brain microglia, which in
turn alleviated brain edema [29]. HMGB1, as an extracellular
nuclear factor, regulates inflammation after burn injury [30].
Burns have been shown to increase plasma HMGB1 level,
which affects immune function in burn patients [31]. In this
study, the two treatment groups had similar serum
HMGB1 concentrations 2h after burn injury. The increase in
HMGB1 levels 8h after burn injury suggests that it is an
important mediator of inflammation at later post-injury
stages [32].

Oxidative stress induces inflammation and influences
cellular metabolism, and is closely related to many patho-
physiological processes including burn trauma [33]. SOD is an
endogenous antioxidant that prevents oxygen free radical-
induced injury by convertingintracellular anions of oxygen (O,
7) to less reactive hydrogen peroxide [34]. MDA is one of the
most important products of membrane lipid peroxidation that
can have cytotoxic effects on the kidney followingburn trauma
[35]. Reactive oxygen species-mediated oxidative stress and
inflammation in kidney tissue can result in AKI in the early
stages of severe burn injury [36]. As reported by a previous
study [37], hypertonic saline/hydroxyethyl starch resuscita-
tion reduced the consumption of SOD and prevented MDA
accumulation in lung tissue, which prevented lung reperfu-
sion-induced damage during hemorrhagic shock in rats. Our
results showed that 400mEg/L HS has similar effects on the
kidney tissue of rats with burn injury. Thus, HS resuscitation
may reduce oxidative stress and protect against kidney
damage caused by burn injury.

Dubose et al. found that traumatic patients resuscitated
with 5% HS (856mEqg/L Na*) showed only transient hyper-
natremia, with no adverse sequelae for 3 days; this indicates
that the concentration of the hypertonic saline used for this
study was within a safe concentration range [38]. Another
study reported that 3% HS had similar effects when used for
resuscitation in comparison with 7.5% HS and LR, but led to a
lower occurrence of renal failure, coagulopathy, and pulmo-
nary edema [13]. However, Saeedi et al. showed that 3% HS
accelerated death caused by uncontrolled hemorrhagic shock
in goats, possibly due to the fact that HS can alter the blood
coagulation system and accelerate bleeding [39]. Huang et al.
reported that using 290mEq/L HS for severe burn patients was
associated with hypernatremia and higher risk of renal failure
[14], which may be due to the fact that HS is not suitable for
resuscitation in patients with a large area burned (39.2+2.7%
TBSA, inhalation injury 41.5%). Therefore, more research is
necessary to prove the safety and effectiveness of hypertonic
saline solution in clinical therapeutics.

Our study has some limitations. The single treatment
concentration may be less satisfying, indicating that
different concentrations of hypertonic resuscitation fluid
should be evaluated to find the best therapeutic effect.
Moreover, to better evaluate the therapeutic effect of HS,
the survival rate of burned rats should be observed, and we
hope to do this in a future study using a large animal-
burned model.

In conclusion, the present study indicated that 400mEq/L
HS solution is superior to LR for fluid resuscitation following
burn trauma. Furthermore, HS can prevent hyponatremia and

alleviate renal edema caused by burns, and protect renal
function by reducing the release of inflammatory mediators
and suppressing oxidative stress injury.
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