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The purpose of this reflection or commentary is not to demerit the efforts of the researchers,

but  rather to highlight some aspects that should be taken into account in the future for

implementing experimental designs that may potentially contribute to strengthen the links

between basic biomedical and clinical research, referring to the research article entitled

Ketamine improves survival in severe burn injury in rats via the Expression of Heat Shock

Protein 70. This is a purely constructive reflection aimed at encouraging those who are one

way or other involved in research, to develop a more comprehensive analysis and a proposal

for an experimental design that enables the extrapolation of the results from animal models

to  a clinical application, with a limited number of subjects but preserving the validity of the

trial,  in addition to making the best possible use of the experimental subjects and of the

relationship between basic and clinical research. In fact, the ethical guidelines issued by the

Council for International Organizations of Medical Sciences, in its chapter on animal experiments

emphasize that the validity of a trial allows for using the minimum number of animals in

an  experiment. The article that makes reference to this matter was published by Zhang

Meng-yuan et al., and concludes that Ketamine therapy improves the survival of patients

with severe burn injuries via the expression of heat shock proteins in the heart and the
brain.
© 2013 Sociedad Colombiana de Anestesiología y Reanimación. Published by Elsevier
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La  ketamina  mejora  la  supervivencia  en  ratas  con  quemaduras  severas
vía  la  expresión  de  la  proteína  de  choque  térmico  70,  ¿cerca  o  lejos  de  la
perspectiva  clínica?
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r  e  s  u  m  e  n

El presente comentario o escrito de reflexión tiene por objetivo señalar, en el artículo de

investigación titulado «Ketamine improves survival in severe burn injury in rats via the expres-

sion of heat shock protein 70»,  algunos aspectos que, sin pretender demeritar el trabajo de

los  investigadores, pudieran ser tenidos en cuenta a futuro, en aras de implementar pos-

teriormente disẽnos experimentales que puedan contribuir de la mejor forma a fortalecer

el  vínculo entre la investigación biomédica básica y la clínica. Esta reflexión es de carácter

netamente constructivo, procurando motivar en cada uno de quienes de una u otra manera

mantienen un vínculo con la investigación, el desarrollo de un mejor análisis y propuesta

de  disẽno experimental que permita proyectar resultados obtenidos en modelos animales,

hacia una aplicabilidad clínica, manteniendo un número reducido de sujetos de trabajo, sin

con ello quitarle validez a un estudio y buscando aprovechar de la mejor manera el ente de

experimentación y el vínculo de la investigación básica con la clínica. En efecto, las pautas

éticas  emitidas por el Council for International Organizations of Medical Sciences,  en su aparte

referido a la experimentación con animales, instan en que la validez de un estudio per mite

mantener al mínimo el número de animales a utilizarse en un experimento. El artículo sobre

el  cual se hace esta reflexión fue publicado por Zhang Meng-yuan et al. y se concluye que

la  terapia con ketamina mejora la sobrevivencia en heridas con quemaduras severas vía la

expresión de proteínas de choque térmico en miocardio y cerebro.

©  2013 Sociedad Colombiana de Anestesiología y Reanimación. Publicado por Elsevier
Ketamine is a non-barbiturate dissociative anesthetic
agent that induces a rapid and profound sedation, anesthe-
sia and analgesia with a broad range of uses and effects on
human beings. The use of Ketamine as an anesthetic agent
began in the mid-seventies1; however, currently Ketamine
has a wide variety of applications. One of the several usual
applications is for the treatment of depression2,3 because of
its high affinity of the N-methyl d-aspartate (NMDA) recep-
tor. Depressive patients show improved symptoms as soon
as the next day following the administration of Ketamine
treatment.4,5 Another application of Ketamine is in the treat-
ment of asthma. It has been suggested that Ketamine may
relieve bronchospasm in asthmatic children who do not
respond to traditional treatment6; however, some authors
conclude that in order to prove Ketamine’s effectiveness in
the treatment of acute asthma in children, there is a need
to undertake randomized trials with strong statistical power
and a sound methodology, in addition to exploring varying
doses of Ketamine and its role in children who need venti-
lation for severe asthma. Some of the possible applications
suggested by other trials include the use of Ketamine as an
agent for reducing mortality and pain, both in animal and
human models in third degree burns.7–10 Several authors val-
idate this proposal based on the anti-inflammatory effects
of Ketamine and its influence to induce protein expression
in response to heat shock (HSP). In fact, the article referred
to in this commentary concludes that Ketamine therapy
improves survival in severe burn injuries, via the expres-

11
sion of heat shock proteins in the heart and the brain ;
such conclusion however deserves careful consideration that
take several factors into consideration, as discussed later
on.
España, S.L. Todos los derechos reservados.

HSPs are a family of chaperon molecules that notwith-
standing their ubiquitous expression are highly preserved in
the evolutionary scale.10 HSPs expression is regulated through
several stressor events, mainly those derived from heat shock.
Hence, HSPs contribute to protect the cells from heat stress
and other types of stressors such as proteotoxic stress.10

Based on HSPs functions, they are classified into six families:
(1) HSP20 r sHSP, proteins (2) HSP40 or class J, (3) HSP60 or
GroEL/ES, (4) HSP70, (5) HSP90, and (6) HSP100.12 Poor function
of these proteins may contribute to various lifetime disor-
ders; i.e. Parkinson’s disease, cardiovascular conditions and
Alzheimer’s disease, among others. These proteins have also
been associated to longevity. The induction of HSP in aging
may potentially extend longevity through re-folding of dam-
aged proteins that accumulate during old age and cause cell
toxicity. Models such as Caenorhabditis elegans have shown that
HSPs overexpression extends the life span because it reduces
proteotoxicity.13 Hence, a drop in HSP during aging is asso-
ciated with interrupted cell homeostasis that causes illnesses
such as cancer, cellular senescence and neurodegeneration. In
general, HSP levels decrease with age in most organs, includ-
ing the neurons. Aging also causes attenuation or alteration
of several signaling pathways, in addition to the expression of
transcription factors such as heat shock factors (HSF).13

The most frequently studied role of heat shock proteins
is that of molecular chaperons to prevent undesirable inter-
actions among unfolded polypeptides during their synthesis
or transport, preventing irreversible aggregations among the

14,15
various proteins, avoiding misfolding or denaturation.
There is however evidence that link these proteins to various
cellular events, including their contribution to the immune
response16; HSPs from intracellular or extracellular sources,
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ay act as immune modulators and alleviate the symp-
oms of inflammatory disease. HSPs overexpression has also
een identified in various types of cancer as a factor in
umor progression, making them the target for treatment.17

inally, cytoprotective effects of heat shock proteins have been
eported in burn injuries18,19; so, keeping in mind the reports
n the effects of Ketamine-induced heat shock proteins, par-
icularly HSP70, it is precisely this relationship that served as
he foundation for the article analyzed.11

In the study published by Zhang Meng-yuan, Wang Gong-
ing, Li Fang-lin, Dong Ling, Xu Yan-bing, Chiang Joseph-S,

ntitled: “Ketamine Improves Survival in Severe Burn Injury in
ats via the Expression of Heat Shock Protein 70”,11 the authors
esigned an experiment to prove that Ketamine improves
he survival of third degree burned subjects, via an increased
xpression of heat shock protein – hsp70. The article provides
aluable knowledge, yet additional experiments are required
or completeness, in order to elicit a solid and valid founda-
ion to move ahead with the clinical application suggested by
he researchers.

Notwithstanding the fact that the authors used a 40 mg/kg
ose of Ketamine injected 15 min  after the injury, the rationale
or using such dose and the timing remains unclear, keeping
n mind that other articles have reported the use of different
oses and different time frameworks.20–23 For instance, the
esearchers Carr and Farban, administer 9 mg/kg and are able
o evidence an increase in HSP 70 in the olfactory mucosa,20

hile Xiao et al., demonstrate the effect of Ketamine in septic
hock by injecting 80 mg/kg 20 min  before and 40 mg/kg one
our after the event.21 Another trial reported by Liao et al.,

ndicates that in adult rats, Ketamine doses ranging from
0 mg/kg to 120 mg/kg increase the expression of HSP 70 in the
ippocampal neurons, yet the effect is less evident in younger
ats.22 Based on these outcomes, the authors could have dis-
ussed the reason for selecting that dose but the injection time
s still an open question. Whilst animal models are aimed at
eveloping and studying new forms of treatment, injecting
he Ketamine 15 min  after the injury is barely applicable. It
s quite evident that a burned patient does not get medical
are in such a short time as discussed by the authors based on
urfinkel’s results; no effect would be observed either if the
etamine were injected 1 h later.23 Consequently, according

o the literature, the authors should have considered a more
ealistic time framework for the administration of treatment
nd then the number of subjects could have been smaller. In
act, the analysis 3 h later would not have been necessary,
s shown in the Western Blot tests in Figs. 2 and 3; further-
ore,  in line with CIOMS guidelines, the number of subjects

ould have been reduced and still maintain the validity of the
esults.24 A more  diligent approach using 20, 30 and 40-min
ntervals would have contributed information about the effect
f Ketamine induction on HSP70 under these varied condi-
ions that are more  consistent with the actual length of time
lapsed until a burned patient arrives at a healthcare cen-
er. Based on the authors’ conclusion under the experimental
onditions, the injection of Ketamine improves the survival of

atients with third-degree burns; such effect could be medi-
ted by HSP70, according to the myocardial and brain tissue
valuation. However, further trials are needed to put forward

 treatment approach and its potential clinical application.
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In fact, the evaluation of the injured airway response and
the observed behaviors, the effect on salivation, among sev-
eral other analyses will significantly contribute to the reports.
Furthermore, the comparison of the responses obtained from
all the experiments in younger subjects will contribute with
relevant knowledge to all areas since the percentage of hos-
pital admissions with burns is much higher in children than
in adults. The response to an intervention of a developing
child, a youngster and an adult are totally different. Finally,
it should be stressed that both biomedical basic research and
the use of experimental models, are fundamental for devel-
oping knowledge. However, the future of biomedical sciences
lies in translational research and hence keeping in mind the
clinical applicability of basic research will further strengthen
the link between basic research and the clinic.

A clear example of a prudent discussion of the results and
their applicability is the article published by researchers Jat
and Chawla.6 Underlining the limitations of their trial, the
conclusions emphasize that in order to prove the effectiveness
of Ketamine in acute pediatric asthma, further randomized
trials with strong statistical power are needed to explore dif-
ferent doses. This is a clear example of the importance of
self-criticism in published papers, acknowledging the limi-
tations and weaknesses of the trial, before advocating any
clinical applicability. Along these lines, another example of
acknowledgment of limitations in an article is the paper pub-
lished by Norambuena et al.8 The purpose of the article was
to compare the efficacy of oral midazolam vs. Ketamine,
acetaminophen and codeine to provide sedation and analge-
sia for children undergoing burn wound care. In this report
the authors conclude that the combination of oral midazolam
and Ketamine provides better analgesia than the combination
of midazolam, acetaminophen and codeine for painful proce-
dures in burned children. However, they clearly explain that
one of the limitations of the trial was the limited number of
patients and suggest a larger number of patients prior to sug-
gesting a protocol for clinical practice. One further example of
caution for arriving at conclusions in a trial is the conclusion
of McGuinness et al.25 in their systematic review on Ketamine
as an analgesic agent in adults with burn injuries; here the
authors acknowledge that although IV Ketamine is commonly
used as a pain killer in burn injuries, based on the data from
such systematic review they believe that there is not enough
proof to make final recommendations for its clinical use.

Acknowledging the limitations and the questions about the
applicability of the results of a trial provides a realistic value
of the work accomplished, in addition to valid information for
future endeavors. By no means the generation of knowledge
should be based on the applicability of the results in the clinic;
thus in most cases, the results of an experiment are not fol-
lowed by immediate applicability. This would certainly be a
genuine success, but that is not always the case.

As already mentioned, translational research seeks to
strengthen the links between basic biomedical research and
clinical research, mostly to be able to design experiments
that yield results with clinical applicability. The best way to

accomplish this goal is to hold a joint discussion, basic and
clinical researchers, about the best strategy to strengthen
the experimental design; identifying the finest methodology
and generating significant and statistically powerful results to
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pave the way for the next step which is formalizing a clinical
protocol.

Indeed, studies such as the one reported by Zhang at al.,
contribute to generate knowledge and yield promising results;
however, an improved design and the recognition of strengths
and weaknesses will render results with a stronger potential
applicability.
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