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INTRODUCTION

Anesthesia is a treatment aimed at suppressing 
the sensitivity to stimuli, inhibiting the sensation 
of pain and movements of the anesthetized body 
fragment without losing consciousness [Sadowski, 
2012]. Physical (e.g. freezing the selected body 
area with ethyl chloride – inhibiting sensory nerve 
conduction) or chemical (using appropriate chemi-
cal substances – anesthetics) [Danysz and Buczko, 
2008] methods are used to obtain effective anesthe-
sia. Local anesthetics are the drugs that cause tran-
sient and reversible anesthesia without damaging 

nerve fibers. Their action is based on the reversible 
inhibition of the conductivity in nerve fibers. It is 
limited to the area in which they are applied; there-
fore, in most cases, they do not cause the central 
nervous system to be inhibited. The mechanism 
of their action consists in blocking the voltage-
dependent sodium channels which cause the nerve 
impulses to be conducted, resulting in a loss of 
sensation (at higher concentrations also the pre-
vention of movement). In other words, local anes-
thetics block the action potentials that allow nerve 
conduction. The lipophilic (unprotected) form of 
anesthetics penetrates through the membrane into 
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ABSTRACT
Anesthetic drugs have been tested for years on rats, rabbits, dogs, cats and monkeys, which may raise ethical 
concerns. Researchers do not always pay attention to the possibility of using techniques of anesthesia, analgesia 
or euthanasia in relation to invertebrate animals. It has previously been shown that earthworms meet the require-
ments of laboratory animals, and being a good alternative to the studies on vertebrates, may also be used as the first 
stage of testing anesthetics. The lethal concentrations of procaine and lidocaine for E. fetida and D. veneta were 
established using modified filter paper contact test. Using a modified method developed for testing anesthetics, 
mature earthworms (clitellate) of both species were used to check the effectiveness of lidocaine and procaine in 
safe immobilizing of earthworms. The reactions of earthworms in contact with anesthetics were different. The pos-
sibility of using a higher concentration range of procaine and lidocaine for E. fetida than for D. veneta, as E. fetida 
demonstrated a greater resistance to the stress caused by the action of chemical substances. The response to this 
stress varied and depended on the concentration used; however, higher concentrations of anesthetics caused rapid 
body movements and discharge of the coelomic fluid as well as morphological changes observed after 48 hours. 
Procaine was not effective in immobilizing earthworms, but lidocaine proved effective in reversibly immobilizing 
both species. For E. fetida, lidocaine in the concentrations of 1.4 and 1.6 at 95 and 90 min, respectively, resulted 
in a full immobilization of animals, which then survived following 24h and 48h of recovery. For D. veneta, lido-
caine in the concentrations 1.3 and 1.4 during 40 min proved effective and safe to use, as all individuals survived 
following 24h and 48h of recovery.
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the cell, protonating the cationic form, thus block-
ing the sodium channel from the inside [Feinstein 
et al., 1977, Butterworth et al., 1987, Bouazizi et 
al., 1998, Langwiński, 2008; Bujak-Giżycka et al., 
2009]. Anesthetics, in chemical terms, are weak 
bases consisting of lipophilic and hydrophilic parts. 
They are provided with an ester or amide bond. 
The type of bonding determines the group to which 
the individual substances belong. The amine esters 
are distinguished by procaine, cocaine, teteracaine, 
and benzocaine. Aminoamides include, for ex-
ample, lidocaine, prilocaine, mepivacaine, bupiva-
caine, levobupivacaine, etiocaine and ropivacaine. 
The type of bonding involved influences the me-
tabolism of the drug inside the body. Aminoesters 
provided with an ester link are characterized by a 
short half-life (minutes) and are therefore rapidly 
broken down by plasma and tissue esterases. How-
ever, anesthetics having an amide bond are broken 
down only in the liver as a result of the action of 
amidases, therefore their half-life is much longer 
[Langwiński, 2008, Bujak-Giżycka, 2009]. An-
esthetic drugs have been tested for years on rats, 
rabbits, dogs, cats and monkeys, which may raise 
ethical concerns [Mepham, 2008]. Researchers do 
not always pay attention to the possibility of using 
techniques of anesthesia, analgesia or euthanasia 
in relation to invertebrate animals. However, ac-
cording to the literature, various techniques are be-
ing tested for the anesthesia of invertebrates. Inha-
lation anesthesia is used in terrestrial invertebrates 
using a special gas chamber. In relation to land and 
water mollusks, water-soluble anesthetics are used 
[Cooper, 2011]. It has previously been shown that 
earthworms meet the requirements of laboratory 
animals, and being a good alternative to studies 
on vertebrates, may also be used as the first stage 
of testing anesthetics [Podolak-Machowska et al., 
2012, 2013]. At the same time, the results of these 
studies seem promising in terms of providing bet-
ter animal welfare during research.

The aim of the research was to determine 
LC05, LC50 and LC95 for procaine and lidocaine 
and test them for effectiveness in safe immobili-
sation of the E. fetida and D. veneta earthworms.

MATERIALS AND METHODS 

Animals 

Mature earthworms (clitellate) of Eisenia 
fetida (Savigny, 1826) and Dendrobaena veneta 

(Rosa, 1893) (Annelida, Oligochaeta) were used 
for the experiments. The animals were in good 
health and were characterized by average mobil-
ity. In order to clean their digestive systems and 
confirm good health condition, the earthworms 
were kept for 24 hours on wet tissue paper pri-
or to the exposure to experimental treatments. 
The earthworm cultures were maintained under 
controlled laboratory conditions (air condition-
ing chamber – 18 ± 2oC, 24L) in plastic boxes 
filled with soil (culture medium) and protected 
against moisture loss. The earthworms were 
regularly fed ad libidum (pomace from apples, 
carrot and beetroot, cooked potatoes + cellulose 
in a ratio of 4: 1).

Tested substances

Local anesthetic drugs – procaine 
hydrochloride (C13H20N2O2×HCl) m = 
272.77 g/mol and lidocaine hydrochloride mono-
hydrate (C14H22N2O×HCl × H2O) m = 288.81 g/mol 
(SIGMA-ALDRICH) were used. Appropriate 
concentrations of solutions of the substances were 
prepared, in which PBS was the solvent. On the 
basis of the earthworm mortality, a range of con-
centrations (close to LC50 pilot tests) were used in 
the toxicity tests for each substance and species. 

Establishing of LC05, LC50 and LC95

The lethal concentrations of procaine and lido-
caine for E. fetida and D. veneta were established 
using a modified filter paper contact test [OECD, 
1984]. For E. fetida, 21 successive concentrations 
of procaine and lidocaine were used (every 0.2% 
from 0.2 to 4.2% – the average body weight of 
individuals: 0.36 ± 0.058 g). For D. veneta, 22 
consecutive concentrations were used (every 
0.1% from 0.1 to 2.2% – the average body weight 
of individuals: 1.11 ± 0.289 g). 1 ml of the tested 
solution was added to petri dishes (diameter 8 
cm) lined with pellets of filter paper (Watmann 
No. 1, diameter 8 cm, thickness 0.2 mm), into 
which worms were placed individually. The tox-
icity tests were carried out for 24 h (18 ± 2°C, 
24 D), after which earthworms were individually 
transferred to test tubes (Falcon – 50 ml) with wet 
tissue (no anesthetic). The earthworms were kept 
here for another 24 hours (to confirm or rule out 
mortality). After 24 h, the morphological chang-
es in earthworm bodies were checked, as well 
as their mobility (reaction to touch by forceps). 
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On the basis of these observations, the percent-
age of animal mortality in each of the analyzed 
concentrations was determined. Five replicates 
of the experimental system were used, each in 
combination with the control group – 0% (a to-
tal of 220 E. fetida and 230 D. veneta tested). 
The experiments were carried out in a similar 
manner for the two substances tested. The ob-
tained results allowed determination of the con-
centrations at which mortality was observed in 
5% of the population (LC05), 50% of the popula-
tion (LC50) and 95% of the population (LC95). The 
LC values   were calculated taking into account the 
mortality rate of individuals as a result of contact 
with consecutive concentrations of anesthetics 
using the statistical software Probit in SPSS 20.0 
(IBM SPSS, 2011) [OECD, 1984, Łebkowska et 
al., 2004, Zuharah et al., 2014].

The effectiveness of lidocaine and procaine in 
safe immobilizing of earthworms

Using a modified method developed for test-
ing anesthetics [Podolak-Machowska et al., 2013, 
2014] , mature earthworms (clitellate) of the spe-
cies E. fetida (mean body weight – 0.43 ± 0.130 g) 
and D. veneta (mean body weight - 0.92 ± 0.201 g) 
were used. The animals were placed in beakers 
(diameter 5.5 cm) containing 20 ml of the appro-
priate anesthetic solution (10 animals per bea-
ker). Next, the reaction of earthworms to stress 
was observed following contact with the chemi-
cal solution (motility, expulsion of the coelomic 
fluid, morphological changes), following succes-
sive stages of exposure to anesthetics. At the time 
when all individuals in the group did not show 
spontaneous or induced mobility (touch), the 
observations were terminated. The earthworms 
were rinsed in water to wash away the anesthetic 
substance, and then transferred to wet paper (in 
closed boxes) and left to recover. After 24 h, sur-
vival was checked, any morphological changes 
were observed and the mobility of earthworms 
from the experimental and control groups was 
compared. The research was conducted sepa-
rately for procaine and lidocaine for both species 
of earthworm, at a temperature of 18 ± 2°C. Five 
replicates of the experimental system were used.

Statistical analyses

STATISTICA v. 10 (StatSoft) was used for 
statistical analyses. The recorded parameter 

values for LC05, LC50 and LC95 were expressed as 
mean values and standard deviations and ANOVA 
II. α = 0.05 was established as the level of sig-
nificance. Before using the appropriate tests, it 
was checked that the distribution was consistent 
with a normal distribution (W Shapiro-Wilk test) 
and if the variances in groups were homogeneous 
(Brown-Forsyth test).

RESULTS AND DISCUSSION

Reaction of E. fetida and D. veneta 
earthworms to different concentrations 
of procaine and lidocaine in filter paper 
contact tests

The contact of E. fetida earthworms with 
higher concentrations of procaine and lido-
caine (2.0–4.2%), caused an immediate reac-
tion in the form of violent writhing of animals 
and the extrusion of coelomic fluid. In the con-
trol group and at lower concentrations (0–1.8%) 
no similar earthworm reaction was observed. 
The D. veneta earthworms exposed to chemical 
stress were more sensitive than the E. fetida earth-
worms, as evidenced by the much lower range of 
concentrations established on the basis of pilot 
tests preceding the proper tests. All specimens of 
this species placed in dishes containing appropri-
ate concentrations of the tested anesthetics (0.2–
2.2%) showed an immediate reaction in the form 
of sudden body movements, resulting in the ex-
trusion of the coelomic fluid. After 60 minutes of 
contact between earthworms of both species and 
anesthetics, it was observed that as the concentra-
tion of anesthetic substances increased, the earth-
worms demonstrated lower mobility, compared to 
control groups. With increase in the concentration 
of procaine and lidocaine (E. fetida 1.0–4.2%, D. 
veneta 0.2–2.2%), the appearance of subsequent 
morphological changes was also observed.

After 48 h (24 h exposure per substance + 24 h 
recovery), it was found that with increasing con-
centrations of anesthetics, the mortality of earth-
worms increased. For the species E. fetida at the 
4.2% concentration of procaine and lidocaine, the 
mortality rate was 100%. For D. veneta, mortality 
was 100% with a procaine concentration of 2.2%. 
Lidocaine induced a faster death rate of D. veneta 
earthworms, since at the 0.6% concentration the 
majority of the animals tested were lost and 0.8% 
was a lethal concentration for all earthworms 
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tested by D. veneta (Figure 1). At the same time, 
the earthworm mortality in the control group and 
in the lower concentrations remained at 0%.

After 24 h of dermal contact (plus 24 h of re-
covery), with the tested anesthetics, E. fetida and 
D. veneta similar reactions of earthworms to both 
substances were observed, depending on the con-
centration of the agents used:
 • individuals in the control groups (0%) moved 

under the moist paper and remained curled 
up in a „knot”; most of the animals from the 
experimental groups remained on the surface 
of the paper, despite initially attempting to 
escape via the walls of the dishes;

 • as a result of the influence of chemical treat-
ments, the presence of numerous morphologi-
cal changes in the form of petechiae, discol-
oration and narrowing of the body was ob-
served; in some individuals autotomy of the 
end segments was noted;

 • earthworms from the groups exposed to higher 
concentrations were in the initial phase of de-
composition after 24 h, and with increasing 
concentrations of anesthetics the intensity of 
the morphological changes was greater.

The conducted toxicity tests allowed the de-
termination and comparison of the concentrations 
of procaine and lidocaine which caused the mor-
tality of 5%, 50% and 95% of the subjects of the 
studied population (LC05, LC50 and LC95). This 
may be important information for using earth-
worms as biotests (Table 1).

Comparing the values   of the calculated LC05, 
LC50 and LC95 concentrations for E. fetida, no dif-
ferences were found for the two tested substances 
(Table 1). This was not the case for D. veneta, for 
which the calculated mortality induced by a spe-
cific number of subjects was significantly lower 
for lidocaine compared to procaine (Table 1). The 
lower range of concentrations used in the experi-
ment for D. veneta (based on previous pilot tests) 
and therefore lower LC values   indicate that the D. 
veneta earthworms were also, in this case, more 
sensitive to the substances used than E. fetida. The 
results of the tests showed that procaine was not 
effective at immobilizing earthworms, while lido-
caine can be successfully used for the reversible 
immobilization of both E. fetida and D. veneta. In 
previous studies, prilocaine was a good anesthetic 
for D. veneta [Podolak-Machowska et al., 2014].

Figure 1. Earthworm mortality (%) of E. fetida and D. veneta observed after 24 h of exposure to consecutive 
concentrations of procaine and lidocaine (24 h of exposure per substance + 24 h recovery) in paper-based contact 

tests (mean ± SD)
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Effects to immobilize E. fetida and D. veneta 
earthworms using procaine and lidocaine

Determining the effect of anesthesia on earth-
worms is a current issue that is used, for example, 
in the acquisition of coelomocytes or in other 
procedures related to penetrating the body of 
earthworms. Obtaining cells with a syringe after 
previous anesthesia of the animals guarantees that 
cells with adequate viability and purity of the sus-
pension of isolated cells are obtained [Affar et al., 
1998]. Previous studies showed that the use of pri-
locaine in earthworms D. veneta can be very use-
ful [Podolak-Machowska et al., 2014]. Through 
the application of prilocaine, earthworms dem-
onstrate an increased resistance to the stress as-
sociated with other experimental procedures, and 
do not respond to touch with the ejection of a 
coelomic fluid. Molnar et al. [2015] carried out 
anesthesia of D. veneta worms using prilocaine, 
conducting the research on nervous system regen-
eration, during which it was necessary to limit the 
loss of coelomic fluid by earthworms.

The current research has shown that the re-
sponse of E. fetida earthworms to procaine and 
lidocaine observed after being placed in beakers 
containing different concentrations of solutions of 
test substances was similar. In the control groups 
(0%) and at theconcentrations of 0.2%, the earth-
worms showed average mobility and in this case 
the presence of ejected coelomic fluid was not 

observed. At higher concentrations of both sub-
stances used (0.4–4.2%), rapid body movements 
of animals were visible, resulting in the discharge 
of a coelomic fluid (Table 2). At the first contact, 
lidocaine was found to be more toxic to D. ve-
neta, because the subjects exposed to it reacted 
at a concentration of 0.2% whereas in the case 
of procaine, a concentration of 0.5% caused such 
reactions (Table 2). It has been shown that in-
creases in concentration of procaine and lidocaine 
increased stress responses of the earthworms E. 
fetida and D. veneta (such as violent convulsion, 
discharge of coelomic fluid and morphologi-
cal changes). Paracelsus previously commented 
that “dose creates poison”, i.e. all substances are 
poisons, if they are present in appropriately high 
doses, and are completely harmless at low con-
centrations [Walker et al., 2002]. In the first phase 
of the experiment, earthworms, trying to avoid 
direct contact with the tested anesthetic, escaped 
from the tissue soaked in these substances, which 
indicates the functioning of their defense mecha-
nisms, among which there is, for example, the 
avoidance of an irritant agent [Tyler et al., 1989]. 
This is related to the presence of chemoreceptors, 
sensitive to the chemicals located in the anterior 
and posterior segments of the body [Stephenson 
et al., 1997]. Similar behavior of earthworms was 
noticed by Malev et al. [2015] observing E. andrei 
in contact with contaminated soil and Podolak et 
al. [2011] in the case of Allolobophora chlorotica.

Table 1. LC05, LC50 and LC95 values for procaine and lidocaine determined in paper contact tests for earthworms 
E fetida (n=1100 os./subst.) and D. veneta (n=1150 os./subst.) (mean ± SD)

Species Eisenia fetida Dendrobaena veneta
Drugs procaine lidocaine procaine lidocaine

24 h LC0.5 0.32% a 0.27% a 0.41% a 0.03% b
24 h LC50 2.30% a 2.09% a 1.41% a 0.25% b
24 h LC95 4.49% a 4.32% a 2.41% a 0.59% b

Table 2. Reactions of E. fetida and D. veneta earthworms observed in contact with anesthetic solutions
Species Eisenia fetida Dendrobaena veneta
Drugs procaine lidocaine procaine lidocaine

Drug induced
body movements ≥ 0.4% ≥ 0.4% ≥ 0.5% ≥ 0.2%

fluid extrusion ≥ 0.4% ≥ 0.4% ≥ 0.5% ≥ 0.3%

Drugs 
effectiveness

time to stop 
spontaneous mobility 

(min)
150 min (2%*) 40 min 

(1.4%*)
40 min 
(1.6%*) 180 min (1.8%*) 35 min 

(1.3%*)
35 min 
(1.4%*)

time of full 
immobilization (min) 150 min (2%*) 95 min 

(1.4%*)
90 min 
(1.6%*) 180 min (1.8%*) 40 min 

(1.3%*)
40 min 
(1.4%*)

Application 
safety

live individuals after 
24 h of recovery (%) 100% (2%*) 100% 

(1.4%*)
100% 

(1.4%*) 0% (1.8%*) 100% 
(1.3%*)

100% 
(1.4%*)

live individuals after 
48 h of recovery (%) 40% (2%*) 100% 

(1.4%*)
100% 

(1.4%*) 0% (1.8%*) 100% 
(1.3%*)

100% 
(1.4%*)
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The results indicate that procaine is not suit-
able for immobilising E. fetida and D. veneta De-
spite the fact that the inhibition of spontaneous 
mobility and full immobilization of earthworms 
under the influence of procaine was found at con-
centrations of 2.0–4.2% (E. fetida) and 1.8–2.2% 
(D. veneta), this exposure also caused the mortal-
ity of the test animals after 48 h of recovery (Ta-
ble 2). In comparison, lidocaine, was effective at 
immobilising earthworms. In the case of E. fetida, 
most of the used lidocaine concentrations were 
effective in immobilizing the test animals. The 
higher the concentration of the tested substance, 
the shorter the time needed to immobilize earth-
worms. Despite this, only 1.4% and 1.6% were 
found to be safe for earthworms, as all subjects 
survived both 24 h and 48 h contact (Table 2). 
The earthworms of the E. fetida species immo-
bilised under the influence of lidocaine became 
stiff and assumed a characteristic shape. After 24 
hours of recovery the animals lost stiffness and 
responded to touch, although in most cases they 
were not able to move quickly (Figure 2). While 
conducting the studies on the influence of lido-
caine on E. fetida earthworms, the toxic effect of 
the substance was observed, and this depended on 
the concentration used. It was found that the low-
er the concentration of an anesthetic, the greater 

the intensity of morphological changes observed 
after 24 h of recovery. In lower concentrations, 
the animals stayed still longer than in the higher 
concentrations, so that the contact with the chem-
ical was prolonged. In addition, it was noted that 
after this time, as the concentration increased, the 
amount of earthworms dropped compared to the 
control. After 48 h of “waking up”, all individu-
als who survived looked similar to those in the 
control groups, showed a reaction to touch and 
moved. The individuals who did not survive 48 h 
had bloody ecchymosis on the surface of the body.

Lidocaine at the concentrations of 1.3% and 
1.4% was effective in the reversible immobilisa-
tion of D. veneta earthworms. After using both 
concentrations, the animals survived for 48 h 
(Table 2). After this time, earthworms remained 
alive despite being unable to move quickly 
in reaction to touch.

As mentioned, the “anesthesia” of earth-
worms can also be important for the welfare of 
these laboratory animals during different experi-
mental procedures. As shown by Walker et al. 
[2002], the sensitivity of individual earthworm 
species to the same substances may vary. The 
studies captured the differences in the effects of 
procaine and lidocaine on the E. fetida and D. 
veneta earthworm species. The collected data 

Figure 2. E. fetida earthworms after exposure to selected concentrations of lidocaine: a) immobilized (left side), 
b) after 24 hours of recovery (right side)
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supplemented information on the differences in 
sensitivity of the earthworms in contact with the 
chemical substances, and enabled the assess-
ment of exemplary anesthetics for safe and effec-
tive anesthesia of these animals. This is of great 
importance and opens up a new perspective of 
research, because the actions aimed at improv-
ing the welfare of animals include, among oth-
ers, satisfying their life needs, prevention and 
treatment of diseases and the use of laboratory 
techniques adapted to the capabilities of specific 
species. Since many research procedures may be 
considered cruel, the discovery of techniques of 
anesthesia, analgesics and euthanasia has been, 
and still is, essential for improving the welfare 
of laboratory animals. Their use is now a rou-
tine procedure accompanying many experiments 
[Baumans, 2005, Eysel et al., 2007]. The anes-
thesia of earthworms has been the subject of re-
searchers’ interest for various reasons. Studies in 
which earthworms were treated with anesthetic 
solution and its effectiveness observed while 
submerging the animal’s end of the body in weak 
acid were carried out [Block et al., 1964]. How-
ever, as it turned out in later studies, this way 
of testing the effectiveness of anesthesia was 
not effective, since the acid gradually damaged 
tissues, raising doubts as to the results obtained 
[Suskevich et al., 1967]. 

Other methods of drug use were based on 
the anesthetization of earthworms with chlo-
roform and ether [Kasprzak, 1986], CO2, ure-
thane or heating or placing animals for a while 
on the “cold plate” to slow down their metabo-
lism [Oguro et al., 1984, Cooper, 2011]. How-
ever, these methods caused the discharge of a 
coelomic fluid, which, for example in immu-
nological studies, precludes further investiga-
tion [Bilej et al., 2011]. Prilocaine and lido-
caine proved to be an effective and safe agent 
in the reversible immobilization of earthworms 
[Podolak-Machowska et al., 2013, 2014], and 
both substances are currently used in medicine. 
Lidocaine appears to be effective for longer du-
rations and is a stronger anesthetic. It is also 
less toxic, and therefore is one of the best and 
most frequently used substances for local an-
esthesia [Danysz and Buczko, 2008]. Differ-
ent reactions in various species of earthworms 
may have consequences for the assessment of 
the research results related to biomonitoring, 
but also in determining the toxicity of chemical 
substances [Langdon et al., 2005].

CONCLUSIONS

The reactions of earthworms in contact with 
anesthetics were different:
a) The mortality of earthworms increased along 

with the concentrations of procaine and li-
docaine. The LC05, LC50, LC95 values   were 
significantly different in the analyzed anes-
thetics and species of earthworms tested (for 
E. fetida – procaine: LC05 = 0.32 ± 0.12%, 
LC50 = 2.30 ± 0.17%, LC95 = 4.49 ± 0.37%, lido-
caine: LC05 = 0.27 ± 0.18%; LC50 = 2.09 ± 0.24%; 
LC95 = 4.32 ± 0.25%) (for D. veneta – pro-
caine: LC05 = 0.41 ± 0.12%; LC50 = 1.4 ± 0.1%; 
LC95 = 2.4 ± 0.3%; lidocaine: LC05 = 0.03 ± 0.05%; 
LC50 = 0.25 ± 0.05%; LC95 = 0.59 ± 0.04%).

b) The possibility of using a higher concentration 
range of procaine and lidocaine for E. fetida 
than for D. veneta, as E. fetida demonstrated 
a greater resistance to the stress caused by the 
action of chemical substances. The response 
to this stress varied and depended on the con-
centration used; however, higher concentra-
tions of anesthetics caused rapid body move-
ments and the discharge of the coelomic fluid 
as well as morphological changes observed 
after 48 hours.

c) Procaine was not effective in immobilizing 
earthworms, but lidocaine proved effective in 
reversibly immobilizing both species. For E. 
fetida, lidocaine in the concentrations of 1.4 
and 1.6 at 95 and 90 min, respectively, resulted 
in full immobilization of animals, which then 
survived following 24h and 48h of recovery. 
For D. veneta, lidocaine in the concentrations 
1.3 and 1.4 during 40 min proved effective and 
safe to use, as all individuals survived follow-
ing 24h and 48h of recovery.
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