Volume replacement with coconut water in rats with hemorrhagic shock
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ABSTRACT

Purpose: Hemorrhagic shock+trauma is the third leading cause of death worldwide,
supported by its frequency, severity and ability to induce systemic inflammatory responses
and damage a number of organs. Currently, there is not an ideal fluid for volume
replacement. There is relevant knowledge regarding the nutritional composition of coconut
water (CW), but studies regarding its use for resuscitation in cases of hemorrhagic shock are
lacking. The aim of this study is to evaluate the efficacy of modified coconut water (3%
sodium) for resuscitation in hemorrhagic shock in an experimental model in rats. Methods:
Wistar rats weighing 250-300g were used. In group 1 (n = 6) shock + coconut water (CW);
group 2 (n=6) shock + fresh whole blood (FWB); group 3 (h = 6) shock+saline 0.9% (S). At
the end of the experiment, levels of TNF, IL-1, IL-2, C-reactive Protein, AST, ALT, urea,
creatinine were measured. Results: All animals survived the procedures and tests by the
end of the experiment. There was a significant reduction in liver function tests (ALT and
AST), urea and creatinine in animals treated with CW, compared with those treated with
FWB and S (p <0, 05). However, no significant differences were observed when the
parameters were compared between FWB and saline (p> 0.05) groups. The TNF-a, IL-18
and IL-2 expression were significantly lower in rats treated with CW than in rats treated with
FWB and S (p <0.05). In animals treated with CW the mean level of C-reactive protein was
lower than in saline rats (P <0.05). Conclusion: Our results demonstrate that, in rats with
hemorrhagic shock, i.v. coconut water administration preserved renal and hepatic function,
and was superior to fresh whole blood and saline with regard to proinflammatory cytokine
expression.
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RESUMO

Introducéo: O choque hemorragico+trauma é a terceira principal causa de morte ho mundo,
devido a frequéncia, gravidade e capacidade de induzir resposta inflamatoria sistémica e
lesar véarios 6rgados. Atualmente, ndo existe um fluido ideal para a reposicdo volémica no
choque. Ha conhecimento relevante sobre a composi¢cao nutricional de agua de coco (AC),
mas estudos sobre 0 seu uso para a reanimacdo em casos de choque hemorragico nao
existem atualmente. O objetivo deste estudo é avaliar a eficacia da agua de coco modificada
(3% de sodio) para reanimag¢do em modelo experimental de choque hemorragico em ratos.
Métodos: Foram utilizados ratos Wistar com peso entre 250-300g. No grupo 1 (n=6)
choque+agua de coco (AC); grupo 2 (n=6) choque+ sangue total fresco (STF); grupo 3 (n =
6) choque+salina a 0,9% (S). No final do experimento, os niveis de TNFa, IL-1B, IL-2,
proteina C-reactiva, AST, ALT, ureia, creatinina foram medidos. Resultados: Todos os
animais sobreviveram aos procedimentos e testes. Houve uma redugéo significativa nas
provas de funcdo hepética (ALT e AST), ureia e creatinina em animais tratados com AC, em
comparacdo com os tratados com STF e S (p <0, 05). No entanto, ndo foram observadas
diferencas significativas quando os parametros foram comparados entre STF e grupo salina
(p> 0,05). A expressado de TNF-qa, IL-1 B e IL-2 foi significativamente mais baixa nos ratos
tratados com AC do que nos tratados com STF e S (p <0,05). Nos animais tratados com a
AC a média do nivel de proteina C-reactiva foi mais baixa do que nos ratos tratados com
salina (P <0,05). Conclusdo: Nossos resultados demonstram que, em ratos com choque
hemorragico, a administracdo i.v. de agua de coco preservou a funcao renal e hepatica, e foi
superior ao sangue total fresco e solucéo salina na expressao de citocinas pré-inflamatorias.

Descritores: Choque hemorragico. Agua de coco. Sangue. Salina. Ressuscitacao.

INTRODUCTION

Trauma followed by hypovolemic shock is the third leading cause of death in the
world"® and is the leading cause of death in people aged below 45 years®. A large number of
traumatized individuals, present in emergency rooms, have been stricken with hypovolemic
shock. In such cases, a large volume of isotonic saline solution is nowadays the standard
treatment for hypovolemic shock®. However, there are special situations where the efficiency
of replacement with large fluid volumes is limited and controversial. In prehospital care,
especially when dealing with polytrauma, the infusion of large volumes of saline is often
insufficient®.

Due to its limited efficacy, different types of volume replacement solutions have been
evaluated over the past 10 years to ensure best plasma expansion for patients. In the 80s, a
study showed that hypertonic saline significantly improved hemodynamic parameters of the
shock patients, even when small volumes were infused®. During the following years, other
studies have shown that hypertonic solutions significantly increased blood pressure and
cardiac output’, reversing hypovolemic shock without compromising the cardiopulmonar
function®?.

Moreover, it is also known that replacement of plasma volume using isotonic solutions
may induce hemaodilution, which is well tolerated by healthy patients. Immediate effects may
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depend on the duration and intensity of bleeding. Patients often come to the emergency
room with hemodilution due to the loss of large volumes of blood. The possible influence of
this condition on the patient's response to treatment with fluid replacement and its evolution
is not well determined. Furthermore, continuous bleeding in these patients requires additional
treatment.

Quick removal from the scene to a medical trauma center proved to be of extreme
importance for severely injuried patients™, and isotonic fluids are frequently infused in
prehospital care. However, the infused volume is usually unable to compensatewhole lost
blood™. The attempt to restore blood volume with crystalloid solutions may aggravate the
situation, decreasing the oxygen supply, increasing mortality*?*®. The use of small volumes of
hypertonic solutions have been proposed to minimize this problem and treat hypovolemic
shock®™. Controversial remains about what replacement solution to use, and some statistics
on the overall mortality rate has been 50%.

In the present study, we tested an alternative for volume replacement in hypovolemic
shock model using modified coconut water. This is a solution with multiple components
containing electrolytes, carbohydrates, proteins, lipids, antioxidants, and trace elements.
Coconut water begins to be produced within the fruit one month after the inflorescence. The
ideal time for harvesting the fruit 6 months, when much water is present, corresponding to
25% of the weight of the fruit. In this phase, the liquid has a nice taste and is rich in nutrients,
with low lipid content. Some authors have studied coconut water nutritional composition.
Santoso et al'® reported detailed information on the presence of vitamins, sugars, organic
acids, fatty acids, aminoacids, electrolytes and minerals in Cocus nucifera L. Aleixo et al*’
determined the content of selenium, using atomic absorption spectrometry. Another relevant
characteristic of coconut water is its antioxidant activity’®?°. Metals and trace elements in
small dosages were determined, with potential for use in intravenous hydration and to
replace or supplement parenteral nutrition solutions®. The liquid was still reported as re-
hydrating in cases of diarreia®.

Campbell-Falck et al reported a case of intravenous hydration at Salomon Island and
described its use during World War 11%. The electrolyte composition of the fruit at 6 months
has almost the same content of potassium, calcium, magnesium and chlorine as intracellular
fluid. Coconut water has significantly less sodium then human plasma®. Although it can’t be
considered the ideal solution for resuscitation, their successful use has been reported in
some cases?®. Its intravenous use does not interfere with the mechanisms of hemostasis and
coagulation?®.

Considering the fact that the known solutions for volume replacement are not ideal
for treatment of shock and blood loss, and knowing the relevance of hemorrhagic shock as a
common and serious condition, this experimental study aimed to explore the potential of
coconut water as solution for volume replacement. Despite the potentially favorable
composition of coconut water, well-conducted studies are very scarce in the literature
regarding its use for volume replacement in cases of hemorrhagic shock. Thus, we evaluated
the efficacy of modified coconut water as a potential solution for fluid resuscitation. The
objective of this study was to evaluate the efficacy of intravenous modified coconut water
compared with fresh blood and saline (sodium chloride 0.9%), as resuscitation fluids in the
treatment of hypovolemic shock in an experimental model in rats. We evaluate survival,
metabolic parameters and pro-inflammatory cytokines.
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METHODS

This protocol was submitted to the institutional Ethics Committee for Animal Use from
UFRN. Care in the use of animals followed existing rules in Brazilian law for scientific use of
animals (Law No. 1179/2008). The study was performed in the Nucleus of Experimental
Surgery-UFRN.

Animal model of hypovolemic shock was used to compare the effectiveness of
modified coconut water, fresh whole blood and 0.9% saline as resuscitation solutions for
hemorrhagic shock. Young, healthy Wistar rats weighing between 250 and 300 g were used.
They were fasted for 12 hours before being anesthetized for the experiment.

Rats were anesthetized with ketamine (50mg/kg) and xylazine (20mg/kg)
intraperitoneal, readministered periodically if necessary, until the end of the experiments.
After stabilization of anesthesia, invasive monitoring was installed. The femoral vein and
contralateral artery were dissected. 24G silicone cannulae were inserted into the femoral
artery to monitor mean arterial blood pressure and the femoral vein for blood drainage and
subsequent fluid replacement. These procedures were performed using a surgical
microscope DFV, Sao Paulo, Brazil (10X). Blood was drained through the femoral vein to
stabilize the mean arterial pressure around 35 mmHg.

The shock was installed in all animals and maintained for a period of 60 min. After this
period, the animals received fluid resuscitation over 10 min. The volume replacement was
equal to the lost blood volume. For each solution infused for volume replacement was a
group of 6 animals. In group 1 (n = 6), shock + fresh whole blood; group 2 (n = 6) shock +
coconut water; group 3 (n = 6) shock + saline 0.9%. The animals were kept in a controlled
microenvironment in hot plate at 37 ° C (Insight, Sdo Paulo, Brazil), and anesthetized by the
end of the experiment.

Coconut water was obtained from coconut specimens Cocus nucifera, 6 months (from
the inflorescence until harvest fruits). Using sterile technique, coconut water was removed
immediately prior to administration in animals and modified appropriately to achieve 3%
sodium level. The pH of coconut water was adjusted to 7.4 with sodium bicarbonate 10%,
prior to intravenous infusion, using pHameter (Micronal, Sdo Paulo, Brazil). Then, the
solution was filtered through a sterile filter. Heparinized fresh blood was harvested from
additional rats, and infused immediately after the shock period (60 min.); 0.9% saline was
from B. Braun, Rio de Janeiro, Brazil. All solutions were infused through an infusion pump (B.
Braun, Rio de Janeiro, Brazil), calculating the volume to be used always for 10 minutes at
constant infusion. During the fluid replacement, solutions were heated to 37°C.

The experimental protocol included assessment to laboratory parameters six hours
after resuscitation. The total observation period for measurement of survival was 6 hours, at
intervals every 1 hour.

About 5 ml of blood were collected by cardiac puncture from survivor animals at the
end of the experiment for determination of serum levels of TNFa, IL1B, IL-2, AST, ALT, urea,
creatinine, and protein C reactive. Serum samples were collected in dry tubes, centrifuged
and stored in a freezer at -40°C until the dosages. The determination of the parameters was
performed using specific commercial kits and processed according to the manufacturers
instructions. After collection, the animals were euthanazed by an overdose of anesthetic
(Thiopental 100 mg/kg intraperitoneal).
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Statistical analysis

Data were stored and analyzed statistically by the BioEstast 5.0 software, the significance
of differences between groups was calculated by one-way ANOVA, followed by method of multiple
comparisons Tukey test. Results were considered statistically significant when p<0.05.

RESULTS

We applied three resuscitation strategies, fresh whole blood (FWB), cocconut wather (CW)
and saline (S), to a pressure-controlled rat model of hemorrhagic shock. Mean hepatic and renal
evaluation was different between animals resuscitated with CW, FWB and S after hemorrhagic
shock and resuscitation period.

All animals survived the procedures and tests by the end of the experiment. There was a
significant reduction in liver function tests (ALT and AST), urea and creatinine in animals treated
with CW, compared with those treated with FWB and S (p <0, 05). These data are summarized in
Table 1. However, no significant differences were observed when the parameters were compared
between FWB and S (p> 0.05) groups.

Table 1 — Results and statistical tests related to biochemical analysis

Biochemical Grupo )
parameters Fresh whole Coconut water Saline prvalue
blood
AST (U/L) 59.60 + 5.02 22.82 + 3.14* 48.81 £ 3.94 0.03
ALT (U/L) 47.50 £ 5.68 25.67 + 2.94* 54.63 + 4.90 <0.05
Urea (mg/dL) 48.40 + 7.34 17.67 + 3.78* 38.63 + 4.78 <0.05
Creatinine (mg/dL) 1.54+0.34 0.69 + 0.28* 1.82+0.24 <0.05

Mean + Standard deviation; 1. P-value analysis by ANOVA. * Significant difference comparing with Fresh whole
blood and saline groups. (Tukey test)

As a measure of immunological effect, we assessed the expression of TNF-a, IL-13 and

IL-2. The results revealed that the expression of cytokines were significantly lower in rats treated
with CW than in animals treated with FWB and S (p <0.05). Data summarized in table 2. In
animals treated with CW the mean value of C-reactive protein revealed significantly lower than in
animals treated with saline (P <0.05).
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Table 2 - Results and statistical tests related to analysis of cytokines and C-reactive protein.

Cytokine Group
. p-value
expression Fresh whole blood | Coconut water | Saline
TNF o (pg/mL) 27.3+3.2 22.1+2,7* 35.7+5,3 0.04
IL-1Bp (pg/mL) 25.2+4.1 14.5+1.2* 43.1+4.5 <0.05
IL-2 (pg/mL) 23.1+5.3 15.1+2.2¢ 26.1+4.1 <0.05
C-reative Proteine (mg/L) 2.5+0.3 2.2+0.3? 3.6+0.5 <0.05

Mean * Standard deviation
P-value analysis by ANOVA. 1. Significant difference comparing with Fresh whole blood and saline groups. 2.
Significant difference comparing with saline group. (Tukey test)

DISCUSSION

In this study, we compared the effect of resuscitation with fresh whole blood (FWB),
coconut wather (CW) or saline (S) solution on the initial inflammatory response to
hemorrhagic shock. Hemorrhagic shock promotes a systemic inflammatory response, which
contributes to the development of late complications. In some patients, this response initiates
an influx of inflammatory cells into the lung, manifested as acute lung injury and acute
respiratory distress syndrome, each of which confer significant morbidity and late mortality®’.
Although each resuscitation strategy used in our model prevented hemorrhage-induced
mortality, there were significant differences in systemic inflammation (TNFa, 1I-13, IL-2, C-
reactive protein) between rats resuscitated with coconut water, comparing with saline and
fresh whole blood. These findings support the concept that conventional fluid resuscitation
may prime the inflammatory response for the development of organ injury and late
complications.

In the present work coconut water has been modified in its pH and sodium content
and then used intravenously in a group of animals. This group showed the best results in the
liver function tests, renal function tests and measurement of pro-inflammatory cytokines and
C-reactive protein. Everything suggests that these results were positively influenced by the
physicochemical composition of coconut water. Santoso et al'® reported detailed information
on the presence of vitamins, sugars, organic acids, fatty acids, amino acids, electrolytes and
minerals in Cocus nucifera L water. Aleixo et al*’ determined the content of selenium, using
atomic absorption spectrometry. Another relevant characteristic of coconut water is its
antioxidant activity’®?°. Metals and trace elements were determined, with potential for use in
intravenous hydration or supplement parenteral solutions?*.

In other animal models, lactate Ringer has been shown to increase systemic
inflammation when compared with experimental fluid resuscitation strategies including
hypertonic saline and colloids®#°. A comparison of the effects on inflammation, hepatic and
renal function between fresh whole blood and coconut water resuscitation after hemorrhagic
shock has not previously been performed, and the relationship between systemic
inflammation and renal/hepatic injury has not been fully evaluated. In our study, we
demonstrated that resuscitation with modified coconut water after hemorrhagic shock
resulted in less systemic inflammation when compared with fresh whole blood resuscitation
and crystalloid saline. This was evident by decreased serum levels of TNFa, lI-183, IL-2 and
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C-reactive protein in rats receiving coconut water. Each of these mediators seems to be
important in pathogenesis of the inflammatory response to hemorrhagic shock.

TNF is considered as pivotal inflammatory agent in hemorrhage. TNFa diffuses in the
bloodstream and initiates a fatal cardiovascular collapse®*. TNFa is a sufficient and
necessary mediator of hemorrhagic shock, because (i) it is detected to be high in patients
and experimental models of hemorrhagic shock; (ii) it may contribute to the lethality of
hemorrhagic shock; (iii) its neutralization attenuates cardiovascular shock. TNFa plays an
important role in excessive autodestructive inflammation and may finally induce multiple
organ failure through the activation of neutrophils®'. TNFa is known to trigger the release of
other proinflammatory cytokines, such as IL-1B and IL-6%. In addition, TNFa has much more
potency than that of other cytokines in activation of neutrophils®. Many experimental studies
have focused on the production of TNFa in severe hemorrhage.

The strong ion difference of 0.9% saline is zero, with the result that the administration
of large volumes of saline results in a hyperchloremic metabolic acidosis®*. Adverse effects
such as immune® and renal®® dysfunction have been attributed to this phenomenon,
although the clinical consequences of these effects is unclear®’.

In our study we observed a significant difference on the renal function tests
comparing saline and coconut water resuscitation. Concern about sodium and water
overload associated with saline resuscitation has resulted in the concept of “small volume”
crystalloid resuscitation with the use of hypertonic saline (3%, 5%, and 7.5%) solutions. In
our study we supplemented coconut water with 3% sodium. However, the early use of
hypertonic saline for resuscitation, particularly in patients with traumatic brain injury, has not
improved either short-term or longterm outcomes®. Crystalloids with a chemical composition
that approximates extracellular fluid have been termed “balanced” or “physiologic” solutions
and are derivatives of the original Hartmann’s and Ringer’s solutions. However, none of
these solutions are either truly balanced or physiologic®. Given the concern regarding an
excess of sodium and chloride associated with normal saline, balanced salt solutions are
increasingly recommended as first-line resuscitation fluids in patients undergoing surgery,
patients with trauma, and patients with diabetic ketoacidosis*®. Resuscitation with balanced
salt solutions is a key element in the initial treatment of patients with burns, although there is
increasing concern about the adverse effects of fluid overload, and a strategy of “permissive
hypovolemia” in such patients has been advocated*.

According to the above concepts, we can assume that coconut water adjusted to pH
7.0 and sodium content of 3%, has the characteristics of a balanced crystalloid solution. The
supposed advantage of this solution is the presence of antioxidants, trace elements and
other therapeutic substances. In conclusion, our results demonstrated that, in rats with
hemorrhagic shock, i.v. coconut water administration positively influenced renal and hepatic
function, and was superior to fresh whole blood and saline with regard to pro-inflammatory
cytokine expression.
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