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ABSTRACT
PURPOSE: To evaluate the effects of copaiba oil as a prophylactic and/or therapeutic substance on survival of rats subjected to cecal 
ligation and puncture, describing histopathological and oxidative stress findings.
METHODS: Forty rats (Ratus norvegicus) were distributed into five study groups (N=8): Sham group (ShG): normal standard 
animals; Sepse group (SepG): submitted a cecal ligation and puncture (CLP); Pre group (PreG): administered copaiba oil once daily 
by subcutaneous injection for five days before carrying out CLP; Post CLP group (PostG): administered copaiba oil once daily by 
subcutaneous injection from the first day of CLP until death by sepsis; and Pre/Post group (Pre/PostG): administered copaiba oil once 
daily by subcutaneous injection for five days before carrying out CLP and from the first day of CLP until de death by sepsis. After the 
death of the animals, blood was collected for assessment of oxidative stress and histological analysis were performed. The Kaplan-Meier 
curves of surviving time were realized.
RESULTS: Survival analysis demonstrated that animals treated with copaiba oil prior to the execution of the CLP (PreG and Pre/Post 
groups) had longer survival compared to the sepsis group (p<0.0001) whereas animals receiving copaiba only after the completion of 
CLP (PostG) showed no statistically significant difference compared to the sepsis group. However, when comparing the two groups 
in which was administered copaiba previously (PreG and Pre/PostG groups), there was no statistical significance between the groups 
(p=0.4672). There was no statistical difference between histopathological findings or the levels of oxidative stress.
CONCLUSION: Prophylactic subcutaneous administration of copaiba increases survival of rats subjected to severe sepsis by cecal 
ligation and puncture.
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Introduction

Peritonitis is one of the most frequent causes of sepsis 
and death in intensive care units. In peritonitis, sepsis occurs when 
an intra-abdominal infection site triggers a systemic response1. 
Sepsis is a complex syndrome related to a systemic inflammatory 
response with multiple manifestations that may cause the 
dysfunction or failure of one or more organs or even death2.

Severe sepsis and septic shock are major healthcare 
problems, affecting millions of people around the world each 
year3, In the United States, severe sepsis is recorded in 2% of 
patients admitted to the hospital, The number of cases in the 
United States exceeds 750.000 per year and was recently reported 
to be rising4, resulting in 215.000 deaths per year. In the European 
Union members states, the statistics are not very different, with an 
estimated 150.000 deaths per year from sepsis5.

The first large study of sepsis conducted in Brazil was 
the Brazilian Sepsis Epidemiological Study (BASES), which 
demonstrated the incidence of sepsis in ICU patients was found to 
be 30.5%6. The mortality rate for patients with SIRS (from either 
sepsis or any other cause), sepsis, severe sepsis and septic shock 
was 24.2%, 33.9%, 46.9% and 52.2%, respectively5.

The therapeutic approach to patients diagnosed with 
sepsis remains a medical challenge despite all of the recent 
advances5. Treatment of patients with sepsis or septic shock 
is performed by antibiotics and drugs which interfere with 
cardiovascular alterations. However, it does not interfere with the 
inflammatory response, and this may be one of the high mortality 
patterns in patients with septic shock7.

The use of plants for medicinal purposes, for treatment, 
healing and disease prevention, is one of the oldest forms of 
medical practice of humanity8. The knowledge about medicinal 
plants symbolizes several times, the only therapeutic resource in 
many communities and ethnic groups9. According to WHO (World 
Health Organization), 65-80% of the population, especially in 
developing countries, still believe on products based on medicinal 
plants in the treatment their diseases10.

Even today, in several cities in Brazil, medicinal plants 
are sold in street markets and found in homes. Popular comments 
on the use and efficacy of medicinal plants contribute significantly 
to the dissemination of therapeutic virtues of plants, because of 
the medicinal effects they produce, despite not having many of its 
known chemical constituents9.

Among the species used, it has been copaiba oil, which 
consumed, either orally or topically, for medicinal purposes 
since the sixteenth century11. Several studies have demonstrated 

that this oil has anti-inflammatory, antitumoral, antioxidant9 and 
antimicrobial properties, more specifically against Gram-positive 
bacteria12.

In addition to the proven antimicrobial potential12, there 
are reports in the literature that demonstrate the effectiveness 
of copaiba oil in the treatment of sepsis in mice and rats with 
subcutaneous oil administration13,14. Thus, the aim of this study 
is to evaluate the copaiba oil effect on fecal peritonitis induced in 
rats.

Methods

Before the start of the project, it was approved by the 
Ethics Committee in the Use of Animals of the Universidade 
Estadual do Pará (UEPA), protocol 22/14. Forty adults males 
Wistar rats (Ratus norvegicus) were used, weighing between 200 - 
250grams, provided from the Animal Colony of the Experimental 
Surgery Laboratory of UEPA, kept in a controlled environment, 
with food and water ad libitum. The animals were randomized 
distributed into five groups, with eight animals each:

-Sham Group (ShG): The animals were used as normal 
standard for survival and histological analysis; the animals 
underwent the same surgical techniques, but without the 
performance of CLP;

-Sepsis Group (SepG): Animals were only realized the 
cecal ligation and puncture (CLP);

-Pre Group (PreG): Administered copaiba oil (0.63ml/
kg/day) once daily by subcutaneous injection for five days before 
carrying out cecal ligation and puncture (CLP)13,14;

-Post CLP Group (PostG): Administered copaiba oil 
(0.63ml/kg/day) once daily by subcutaneous injection from the 
first day of the CLP until the death by sepsis.

-Pre and Post CLP Group (Pre/PostG): Administered 
copaiba oil (0,63ml/kg/day) once daily by subcutaneous injection 
for five days before carrying out CLP and from the first day of the 
CLP until the death by sepsis.

When performed, the copaiba injection was carried out 
on the dorsum of animals.

The animals were anesthetized with ketamine 
hydrochloride (100 mg/Kg) and xylazine hydrochloride (10 mg/
Kg), intraperitoneally. After was performed the epilation and 
antisepsis of the abdominal region. Subsequently, was performed 
a laparotomy of three centimeter.

Surgical procedures followed the same pattern described 
by Botelho et al.14 that consist in opening the abdominal cavity, 
locate, expose and isolate the cecum, leaving the rest of the small 
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and large intestine into the peritoneal cavity, taking care not to 
violate or damage the mesenterials’ vessels. To induce a high-
grade sepsis, 75% of cecum was ligated with silk 4-0 just after the 
ileocecal valve. Cecal stump was transfixed by a single through-
and-through puncture with a 21 G needle. After the surgical 
procedure, was administered pre-heated saline (5ml per 100g) by 
subcutaneously and dipirona 30mg/kg for analgesia.

In this study was used the copaiba oil of Copaifera 
officinalis, donated by EMBRAPA (Brazilian Company of 
Agricultural Research) from seedlings provided by the garden of 
medicinal plants of this company. 

Confirmed the death of the animals was collect the lung, 
kidney and liver of the animal, that were stored in 10% buffered 
formaldehyde and used for histopathological analysis by means of 
hematoxylin and eosin. It was made just a descriptive analysis of 
the organs.

Oxidative stress was verified by measuring the 
malondialdehyde (MDA), not being directly quantified 
inflammatory cytokines. The verification is performed using 

0.5 mL of plasma analysis, which is prepared by centrifugation 
at 2500rpm for 15 minutes. The collection was performed 
immediately after the death of the animal by cardiac puncture

Survival curves of groups were plotted using the Kaplan-
Meier method and then compared by the log-rank test. Kruskall-
Wallis test was performed to compare the oxidative stress results. 
Was adopted a significance level of 5% to reject the null hypothesis.

Results

Survival analysis demonstrated that animals treated 
with copaiba prior to the execution of the CLP (PreG and Pre/
PostG groups) had longer survival compared to the sepsis group 
(p<0.0001) (Figure 1), whereas animals receiving copaiba only after 
the completion of CLP (PostG) showed no statistically significant 
difference compared to the sepsis group. However, when comparing 
the two groups in which was administered copaiba previously (PreG 
and Pre/PostG groups), there was no statistical significance between 
the groups (p=0.4672) (Tables 1 and 2).

FIGURE 1 – Survival curve of animals after performing cecal ligation and puncture, 
according to the group, in hours. *p<0.05. Log-Rank test.
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Results SepGXPreG SepGXPostG SepGXPre/PostG PreGXPre/PostG
Observed 8 6 8 2
Expected 2.3811 6.0326 2.2953 1.3897
Variance 1.3297 1.4619 1.3478 0.7045

Chi-square 23.744 0.0007 24.1458 0.5286
Degrees of freedom 1 1 1 1

P < 0.0001 0.9785 < 0.0001 0.4672

TABLE 1 – Long-Rank test results of the study groups.
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CLP

SepG PostG PreG Pre/PostG

Hours after Alive Occurrence Alive Occurrence Alive Occurrence Alive Occurrence
2 8 0 8 0 8 0 8 0
4 8 0 8 0 8 0 8 0
6 8 0 8 0 8 0 8 0
8 8 0 8 0 8 0 8 0
10 8 0 8 0 8 0 8 0
12 5 3 8 0 8 0 8 0
24 4 1 8 0 7 1 8 0
26 4 0 8 0 6 1 7 1
51 4 0 7 1 6 0 7 0
96 4 0 0 7 6 0 7 0
100 4 0 0 0 6 0 7 0
104 2 2 0 0 6 0 7 0
108 0 2 0 0 6 0 7 0
120 0 0 0 0 0 6 0 7

TABLE 2 – Survival data of study groups.

Histopathological examination of the lung showed 
severe inflammatory response in all animals, with presence of 
interstitial pneumonitis, vascular congestion and inflammatory 
infiltrate, mainly consisting of neutrophils, in addition to alveolar 
collapse and vicarious emphysema, indicating a severe systemic 
inflammatory state. Liver and kidneys are affected in 100% of 
cases, with similar pattern to that found in the lung injury, with 

vascular congestion and polymorphonuclear infiltrate, but without 
changing the architecture of the organs.

Animals treated with copaiba had lower levels of 
oxidative stress (Measured by malondialdehyde) (Figure 2 and 
Table 3) calculated from plasma sample gathered at the time of 
euthanasia. However, this value was not statistically significant 
(p=0.54 - Kruskall Wallis test). 

FIGURE 2 – Arithmetic mean of malondialdehyde (MDA) levels, according to the 
group. p>0.05, Kruskal Wallis.
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Discussion

The present study evaluated the organic response of rats 
with severe sepsis treated prophylactically, and or after the CLP 
induction. Survival and histopathological findings were described, 
as well as the levels of oxidative stress, which were compared 
from the blood collected at the time of death of the animal.

When analyzing the survival curves of the animals 
submitted to CLP, it is noticed that in each study groups there was 
a varied period of time in which only few animals died, and then 
followed by the death of the remainders in a very short period 
of time. This survival pattern may be related to a final organic 
decompensation of animals due to the critical state of septicemia 
in which they were, also demonstrating the similarity of the 
pathophysiological events that occurred in animals of each group. 

Animals receiving prophylactic copaiba, however, were 
those with the most time to reach the final decompensation period, 
while the use of copaiba only after CLP led to lower survival, 
but with no statistical significance when compared to the sepsis 
group. Is believed then that the anti-inflammatory protective effect 
occurred only copaiba prophylactically, without providing effect 
on survival of animals when administered alone after sepsis or 
increasing some protection together with prophylaxis12,14,17,18.

It is known that the main active components responsible 
for the anti-inflammatory and antimicrobial properties of the 
copaiba are the diterpenes and sesquiterpenes, as bisabolol and beta 
betacariofileno15-18. However, probably the most important factor 
to longer animal survival in this study was the anti-inflammatory 
action of the copaiba oil, by modulating the inflammatory 
response and subsequent issue damage mediated by free radicals 
and pro-inflammatory citocins against sepsis, since Santos et al.19 
demonstrated that Copaifera officinalis does not show effects 

against gram-negative bacteria and the model of CLP primarily 
deflagrates gram-negative septicemia.

The MDA was used in order to evaluate the levels of 
oxidative stress (lipid peroxidation) triggered by the systemic 
inflammatory condition, and was expected lower levels in groups 
treated with copaiba, since Castrillo et al.20 demonstrated that 
diterpene kaurene inhibits the nuclear transcription factor kB (NF-
kB)  decreasing macrophage activation. Furthermore, Paiva et al.21 
and Palva et al.22 using the kaurenoic acid found lower levels of 
MDA in mice with colitis induced by acetic acid.

This study aimed to compare the survival of animals 
submitted to CLP, however it was decided to not determine a 
date for euthanasia of animals, since there was the possibility that 
these remain alive. Thereby, histopathological and oxidative stress 
analysis were done with organs and blood collected at different 
times, but all after the immediate death of the animals, which may 
have given the absence of statistical difference in the analysis of 
these data, since all animals were in serious condition of health.

Taking into account differences between the animals 
used for research and humans, extrapolate information obtained 
in experimental level is not safe, and can, in turn, generate 
damage. Although animal studies constitute the first level in 
the clinical research of new drugs, in relation to copaiba, much 
remains to be evaluated for a future clinical trial is developed. 
Even if your popular use is widespread, studies on their safety, 
proper dosage and side effects are still scarce. Another important 
point to be considered is the great diversity of species and the 
various active principles present in each one, many still do not 
isolated. Thus, despite the obvious benefits of crude copaiba 
oil, its use for clinical treatment still does not appear as a viable 
measure, it is need studies to assess more accurately the safety of 
this intervention in human.

Animal/Group SepG PreG PostG Pre/PostG
I - 73.029 243.430 73.029
II - 121.715 - 73.029
III - 386.861 170.401 -
IV 121.715 73.029 - 48.686
V 97.372 - 97.372 170.401
VI 146.058 97.372 219.087 438.175
VII 925.037 - 97.372 -
VIII 48.686 - 97.372 73.029

Arithmetic mean 267.7736 150.4012 115.6292 146.058
Standard deviation 330.2056 119.6002 84.9828 136.2631

TABLE 3 – Absolute value, arithmetic mean and standard deviation of MDA levels according to the study groups.

*Kruskall-Wallis
  p>0.05
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Conclusion

Prophylactic subcutaneous administration of copaiba 
(Copaifera reticulada) increases survival of rats subjected to severe 
sepsis by CLP, being 80% of animals that received prophylactic 
copaiba alive after 108h CLP while all animals that did not receive 
it were already dead.
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