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ABSTRACT
Objective: Studies have shown that ketamine (K) and ethanol (E) have immunomodulatory activity; however, few studies were performed with
concomitant treatments. Thus, we evaluated the toxic and immunotoxic effects of this association.
Methods: Wistar rats were distributed into four groups (n=8/group), each receiving one of the following treatments, for 28 d: K group (15 mg/kg of
ketamine, intraperitoneally); E group [1.0 ml of ethanol 10% (approximately 0,08g/rat), gavage]; KE group, receiving both treatments; and Control (Co)
group, receiving only vehicles. On day 29, animals were euthanized for biochemical, hematological, histopathological and immunological evaluation.
Results: Although the experimental conditions did not elicit changes on immune parameters, some biochemical alterations were detected in the
different groups. Even in the absence of nutritional and histopathological changes, or renal and hepatic markers that could indicate tissue damage, a
reduction on alkaline phosphatase levels in rats from K and KE groups was observed. Moreover, changes in lipid markers [cholesterol, triglycerides and
high-density lipoproteins (HDL)] were found in the different groups studied, suggesting that K and E could promote a synergic/antagonistic effect.
Conclusion: In conclusion, despite biochemical alterations promoted by K and E, associated or not, the doses here employed did not promote
immunotoxic effects on rats treated for 28 d. (response to the suggestion in the end of the paper).
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INTRODUCTION
The use of substances with psychoactive properties is considered an
ancient and universal practice [1], associated either with cultural or
religious rituals, as well as for medicinal purposes. In the 19th
century, medical sciences advancements, resulting in the discovery
of new drugs and routes of administration [2, 3], collaborated to
change the purposes of the use of these substances for its current
consumption, focused on the recreational use and individual
pleasure [4]. Later in the 20th century, when abuse and dependence
epidemics began [5], causing social problems of public health
concern, investigations involving the increase on the prevalence of
illicit drugs use gained more prominence and importance [6, 7].
In the present scenario, a growing number of new psychoactive
substances has been reported [8] and the common occurrence of the
concomitant use of these different chemicals resulted in the concept
of "polydrug" abuse [9], with ethanol as the most prevalent
substance used in association with stimulants and/or hallucinogenic
drugs, such as ketamine [10].
The total quantity of ketamine seized worldwide mostly originated
from East and South-East Asia to Europe and America [11, 12],
increased from an annual average of 3 tons in the period of 19982008 to 10 tons in the period of 2009-2014 [13].
Some harmful adverse physical (hypertension, tachycardia,
abdominal and urinary pain syndrome) and neurological
(disorientation, agitation, hallucinations, anxiety and psychosis)
effects, after prolonged use or high doses of ketamine, framed it as a
“Class B Drug”, controlled by the United Kingdom Misuse of Drugs
Act 1971 since 2014 [14] and added to “Schedule III” in the United
States since 1999 [15].
Ketamine is a phencyclidine analog drug which acts mainly as an
antagonist of N-methyl D-aspartate (NMDA) glutamate receptors
[16]. It is used in human medicine as a short-term anesthetic for
specific situations (palliative care, pediatric and emergency

surgeries) and, currently, as an alternative treatment for depression
in patients unresponsive to conventional treatments [17, 18].
However, due to the unpleasant central effects caused to human
patients under anesthesia, such as anxiety, agitation and
hallucinations [19, 20], it is most commonly used in veterinary
practice [21].
Studies with ketamine revealed its immunomodulatory properties
[22], characterized by suppressed production of cytokines tumor
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) [23, 24],
limiting neutrophil diapedesis to inflammation sites [25, 26], even
though interleukin-2 (IL-2) secretion and cellular adhesion
molecules expression are maintained [23, 24].
Ethanol, the most common and popular licit drug, widely used in
association with other drugs [27, 28], is a central nervous system
(CNS) depressant that potentiates the gamma-amino butyric acid
(GABA) effects, acting in agonist form on GABAergic receptors [29],
culminating in delayed conduction of nerve impulses and,
consequently, muscle relaxation and sleepiness [30]. In addition to
central symptoms, ethanol exposure can trigger immunosuppressive
effects on monocyte, macrophage and neutrophil activities [31].
Considering that there are few reports in the literature about the
possible toxic, and/or immunotoxic effects resulting from
ketamine/ ethanol association, the present study aimed to
evaluate the effects of combined daily intraperitoneal injections of
ketamine and oral (gavage) administration of ethanol to Wistar
rats, for a period of 28 d.
MATERIALS AND METHODS
Material
Animals
Thirty-two male adult Wistar rats (60 d of age, 200-250g body
weight) were obtained from our colony in the Department of
Pathology, School of Veterinary Medicine and Animal Science,
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University of São Paulo. The animals were used in accordance to the
ethical principles and procedures adopted by The Ethics Committee
on Animal Experiments of the School of Veterinary Medicine,
University of São Paulo, Brazil (protocol number: 8108060616). All
rats were housed in cages measuring 40x50x20 cm. Two rats were
placed in each cage, with a dividing grid that allowed the animals
visual and some physical contact, without interfering with individual
feed and water consumption, thus reducing the stress resulting from
isolation. The cage bottoms were lined with sterilized corncob. Cages
were checked daily over the entire experimental period for soft
feces, food waste, behavioral changes (e. g., piloerection, lethargy)
and mortality. The animals received food and water ad libitum and
were maintained under controlled temperature (22-25 °C), relative
humidity (50-65%) and lighting (12/12h light/dark cycle).
Drugs, chemicals and reagents kits
Phormol 10% was supplied by Merck (São Paulo, SP, Brazil). Sodium
heparin was obtained from Cristália (São Paulo, SP, Brazil). Archote
(Curitiba, PR, Brazil) supplied ethanol. Roswell Park Memorial Institute
culture medium (RPMI-1640), fetal bovine serum (FBS), and trypan blue
were obtained from Gibco (United States of America, USA). Synth
(Diadema, SP, Brazil) provided sodium chloride. Davol (São Paulo, SP,
Brazil) supplied assay reagents for hematological parameters [red blood
cells/erythrocytes (RBC), white blood cells/leukocytes (WBC),
hemoglobin (HGB), hematocrit (HCT), platelets (PLT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC)]. Interteck (São Paulo,
SP, Brazil) supplied assay kits for albumin, total protein, alkaline
phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase
(AST), gamma-glutamyl transpeptidase (GGT), glucose, cholesterol,
triglycerides, and high-density lipoproteins (HDL), urea, and creatinine.
Ceva (Paulinia, São Paulo, Brazil) provided Ketamin (Dopalen®-ketamine
hydrochloride 1.16g; vehicle q. s. 10.0 ml) and Xylazine (Anasedan®xylazine hydrochloride 2.3g; vehicle q. s. 100.0 ml). All other reagents
were supplied by Sigma-Aldrich (Saint Louis, Missouri, USA).
Methods
Toxicological and immunotoxicological evaluations
Thirty-two male Wistar rats were randomly distributed into four
groups (n=8 animals/group), consisting of one control group (Co)
and three experimental groups (ketamine [K], ethanol [E] and
ketamine+ethanol [KE]). Rats from K group were treated once, daily,
with an intraperitoneal (I. P) injection of 15 mg/kg of ketamine
[based on the dose published by Garcia et al., Rezin et al., and Réus et
al. (32-34)] diluted in saline solution 0.9%, and orally by gavage
with 1.0 ml of distilled water for each rat. Rats from E group were
treated once, daily, by gavage with 1.0 ml of ethanol 10%
[approximately (≈) 0,08g/rat] [calculated dose based on studies of
Wai et al. (35)], and with an I. P injection of 1.0 ml of saline solution
0.9% for each rat. Rats from KE group were treated once, daily, with
an I. P injection of 15 mg/kg of ketamine diluted in saline solution
0.9%, and by gavage with 1.0 ml of ethanol 10% (≈ 0,08g/rat). Rats
from Co group were treated once, daily, with an I. P injection of 1.0
ml of saline solution 0.9% for each rat, and by gavage with 1.0 ml of
distilled water for each rat, only to be subjected to similar stimuli to
those applied to the animals belonging to the experimental groups.
All rats were treated between 8:00 a. m. and 12:00 p. m., and all
treatments were done simultaneously. Food and water consumption,
as well as body weight gain, were assessed daily to determine total
weight gain, as well as total water and food consumption. Rats were
treated for 28 consecutive days according to immunotoxicological
protocols employed worldwide. On the 28th day, food was removed
and the rats were fasted for 8 h for biochemical evaluation.

After the last day of the experimental period, the animals were
anaesthetized with xylazine and ketamine (5 and 50 mg/kg of body
weight, respectively) for blood collection from the abdominal cava
vein. Euthanasia of deeply anesthetized animals was made by
cervical dislocation, in accordance to The Ethics Committee on
Animal Experiments of the School of Veterinary Medicine, University
of São Paulo, Brazil. Lymphoid organs (thymus and spleen) and bone
marrow from the left femur were removed for lymphohematopoietic
organ and cellularity analysis.
Blood collection was performed with and without sodium heparin
for the evaluation of hematological parameters and serum
biochemical analyses, respectively. Hematological parameters (RBC,
WBC, HGB, HCT, PLT, MCV, MCH, and MCHC) were assessed using
automatic Poch-100iV Diff Sysmex® equipment; differential white
blood cells analyses (neutrophils, lymphocytes, monocytes,
eosinophils, and basophils) were performed manually (blood
extension). Serum biochemistry was analyzed using ChemWell®-T
automated biochemistry analyzer with the corresponding reagents.
The measured markers were albumin, total protein, ALP, ALT, AST,
GGT, glucose, cholesterol, triglycerides, HDL, urea, and creatinine.
For urinalysis, after bladder exposure, approximately 1.0 ml of urine
was collected by puncture of the organ and placed into tubes
containing urinalysis reagent strips from Labtest (Uriquest®) for
semi-quantitative determination of pH, density, and presence of
bilirubin, urobilinogen, ketones, ascorbic acid, glucose, protein,
blood, nitrite, and leukocytes in the urine.
Tissue samples of heart, liver, Peyer's patches, mesenteric lymph
nodes, adrenal glands, kidney, and bladder were collected and fixed
in 10% formalin, routinely embedded in paraffin, cut into 5-µm thick
sections and stained with hematoxylin and eosin for histopathology.
After relative organ weight analysis of thymus and spleen, these
organs were fixed in formaldehyde for histopathology evaluation.
A fragment of a known weight of splenic tissue was prepared,
washed in cold RPMI-1640 culture medium, and resuspended in 5
ml of the culture medium for splenocytes count; the remaining
fragment was fixed for histopathology analysis. Bone marrow cell
suspensions were produced by flushing the marrow cavity of the left
femur of each rat with an ice-cold RPMI-1640 medium using a sterile
syringe with a 26-gauge needle.
The viability of white blood cells from spleen and bone marrow was
assessed by a trypan blue dye exclusion test, and cell number was
determined by Neubauer Chamber cell counting.
Statistical analysis
Data were analyzed using GraphPad Prism 6.0® software (GraphPad
Software, Inc., San Diego, California). One-way analysis of variance
(ANOVA) followed by Tukey's test was used for multiple comparisons.
If Bartlett’s test suggested that the differences among SEM values were
significant, Kruskal-Wallis analysis of variance followed by Dunn test
for multiple comparisons was employed. Data are expressed as
mean±standard error of the mean (SEM), and differences were
considered to be statistically significant when *P<0.05.
RESULTS
Food and water consumption, body weight gain and toxicity signs
During the experimental period, none of the rats showed signs of
toxicity, such as soft feces, depression, piloerection, or mortality.
Table 1 shows total food and water consumption, and total body
weight gain of rats treated or not (Control) with ketamine (K),
ethanol (E) or both ketamine and ethanol (KE) during 28 d.

Table 1: Total food and water consumption, and total body weight gain of rats treated or not (Control) with ketamine (K), ethanol (E) or
ketamine+ethanol (KE) during 28 d
Food consumption (g)
Water consumption (ml)
Body weight gain (g)

Control (n=8)
669.9±16.0
938.4±24.8
109.3±12.0

K (n=8)
698.1±14.2
923.9±37.7
109.6±10.4

E (n=8)
685.5±15.6
872.5±31.6
109.0±11.4

KE (n=8)
704.4±27.4
855.5±27.1
103.1±10.1

Data are presented as mean±SEM.
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Hematological parameters and lymphoid organ evaluation
(relative weight of spleen and thymus, and bone marrow and
spleen cellularity)
The statistical tests employed to evaluate hematological parameters
and blood counts did not reveal any significant differences among the
groups and parameters evaluated (data not shown). In relation to
lymphoid organ evaluation (relative weight of spleen and thymus, and
bone marrow and spleen cellularity), no significant differences were
found among the experimental groups, as indicated in table 2.
Urinalysis
No significant differences were found in urine parameters (pH,
density, bilirubin, urobilinogen, ketones, ascorbic acid, glucose,
protein, blood, nitrite, and leukocytes) among the groups after the
28-day experimental period (data not shown).

Biochemical parameters
No alteration was observed in total protein, albumin and glucose
serum levels. Despite the lack of changes in hepatic parameters ALT
(fig. 1A), AST (fig. 1B), and GGT (fig. 1C), a reduction in ALP levels was
observed in rats treated with K compared with those treated with
either E or vehicle (Co group); in addition, ALP was also reduced in
rats treated with KE when compared with rats from Co group (fig. 1D).
When lipid profile was assessed, we observed higher cholesterol
levels in the rats from KE group when compared with rats from Co
group (fig. 2A). However, when triglycerides levels were evaluated,
animals from K group revealed statistical reduction on this
parameter when compared with both Co and KE group, with no
statistical differences from animals of E group, as shown in fig. 2B. In
addition, rats from all groups showed enhanced levels of HDL
compared with rats from Co group (fig. 2C).

Table 2: Relative weight of spleen and thymus, and bone marrow and spleen cellularity of rats treated or not (Control) with ketamine (K),
ethanol (E) or ketamine+ethanol (KE) during 28 d
Spleen (x10-3 g/100g of BWa)
Thymus (x10-3 g/100g of BWa)
Spleen cellularity (x106/g of spleen)
Bone marrow cellularity (x106cells)
aBW

Control (n=8)
0.27±0.01
0.14±0.01
210.7±12.4
5.09±0.7

K (n=8)
0.25±0.01
0.16±0.01
225.4±24.2
5.70±1.0

E (n=8)
0.26±0.01
0.14±0.01
201.0±15.5
4.44±0.4

KE (n=8)
0.26±0.01
0.14±0.01
179.2±17.4
5.85±0.8

= Body weight. Data are presented as mean±SEM.

Fig. 1: Hepatic parameters of rats treated or not (Control-Co) with ketamine (K), ethanol (E) or ketamine+ethanol (KE) during 28 d. (A)
Alanine transaminase; (B) aspartate transaminase, (C) gama-glutamyl transpeptidase and (D) alkaline phosphatase concentrations.
Serum alkaline phosphatase concentrations were found reduced in both ketamine-treated groups (P<0.0001 K vs. Co, P<0.01 K vs. E and
P<0.05 KE vs. Co; Dunn test). In all cases n=8 animals/group. Data are expressed as mean±SEM
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Fig. 2: Lipid profile of rats treated or not (Control-Co) with ketamine (K), ethanol (E) or ketamine+ethanol (KE) during 28 d. (A)
Cholesterol levels: enhanced levels were observed in KE group compared with Co group (P<0.05 KE vs. Co; post-test Tukey). (B)
Triglycerides levels: Rats from K group showed reduced triglycerides levels when compared with rats from both KE and Co groups
(P<0.05 K vs. Co and P<0.05 K vs. KE; post-test Dunn). (C) High-density lipoprotein levels (HDL): All treated groups showed enhanced
levels of HDL compared with control group (P<0.01 K vs Co, P<0.01 E vs Co, P<0.0001 KE vs Co; post-test Tukey). In all cases n=8
animals/group. Data are expressed as mean±SEM

Regarding renal function, treatment with ketamine did not reveal
any nephrotoxic effects; however, when ethanol was associated, it

promoted a statistical enhancement on urea and creatinine levels,
when compared with K alone (fig. 3A and B, respectively).

Fig. 3: Renal function of rats treated or not (Control-Co) with ketamine (K), ethanol (E) or ketamine+ethanol (KE) during 28 d. (A) Urea
levels. Urea levels were higher in the rats from the KE group compared with the rats from K group (P<0.05 KE vs K; post-test Tukey). (B)
Creatinine levels. Creatinine levels were higher in the rats from the KE group compared with the rats from K group (P<0.05 KE vs K; posttest Tukey). In all cases n=8 animals/group. Data are expressed as mean±SEM
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Fig. 4: Histopathological evaluation of liver (4x) of rats treated or not (Control-Co) with 15 mg/kg of ketamine intraperitoneally (IP) (K), 1
ml of ethanol 10% (gavage) (E) or ketamine (15 mg/kg, IP) followed by 1 ml of ethanol 10% (gavage) (KE) during 28 d. After the last day
of treatment, organ sections were sliced, fixed, and stained with hematoxylin and eosin, as described in methods section. Livers appeared
normal in all cases (n=8 animals/group). CV=central vein; PT=portal tract

Fig. 5: Histopathological evaluation of kidney (10x) of rats treated or not (Control-Co) with 15 mg/kg of ketamine intraperitoneally (IP)
(K), 1 ml of ethanol 10% (gavage) (E) or ketamine (15 mg/kg, IP) followed by 1 ml of ethanol 10% (gavage) (KE) during 28 d. After the last
day of treatment, organ sections were sliced, fixed, and stained with hematoxylin and eosin, as described in methods section. Kidneys
appeared normal in all cases (n=8 animals/group). G=glomerulus
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Histopathological evaluations
No histopathological alterations were observed in liver (fig. 4) or
kidney (fig. 5), nor in any other organ analyzed (heart, thymus,
spleen, Peyer's patches, mesenteric lymph nodes, adrenal glands and
bladder).
DISCUSSION
"Polydrug" abuse is a current social phenomenon of public health
concern [36], since the consumption of associated chemical
substances can result not only in significant adverse effects [37,
38], but also culminate into the development of addiction
processes [39-40].
Ethanol use as a licit drug [10, 41] is generally made in
combination with a heterogeneous group of illegal chemical
substances known as "club drugs'', which are in constant renewal
[42]. Ketamine, a prominent drug among these substances, was
originally synthesized as an anaesthetic; however, because of its
potential hallucinogenic effects, it has been used for recreational
and illicit purposes [10, 41, 42].
Considering the central [43] and immunomodulatory [31, 44] effects
triggered by the isolated use of ketamine or ethanol, the combined
use of these drugs can elicit additive, synergistic or even potentiated
adverse effects on target organs [43].
Although several studies were conducted to determine the possible
effects caused by the isolated use of ketamine and ethanol, scientific
reports conducted to determine the effects of the combined use of
both are rare. Thus, in the present study, we established an exposure
scenario to both drugs, isolated or in combination, similar to what
happens in clubs and/or parties.
In order to standardize worldwide protocols to evaluate the
immunotoxicity of a chemical substance, the period of 28
consecutive days of treatment was chosen. In addition, to avoid the
possible influence of female hormones, known to have
immunomodulatory activity, such as estrogen [45, 46], we decided
to use only male rats in our studies.
Moreover, when in vivo studies are conducted to assess the toxic
effects on the immune system, it is important to verify if the doses
employed are not capable of causing exacerbated toxicity and/or
clinical signs in the animals tested [47], since secondary health
disorders, such as fever [48, 49] or stress [50], can interfere in the
immunological parameters evaluation. In that respect, the most
significant toxicity signs observed in animal models are related to
anorexia and weight loss [51].
The chosen concentration of ketamine to be used in our studies was
based on previous works from different researchers [32-34] which
aimed not to evaluate the toxicity, but the antidepressant potential
of ketamine on different models of chronic stress in rats. In these
studies, a dose of 15 mg/kg was able to promote biological effects,
re-establishing several altered parameters, such as return of food
intake, normalization of the circulating levels of corticosterone and
adrenocorticotropic hormones, and reduction on proinflammatory
cytokines serum levels, commonly elevated in depressed patients,
evidencing, thus, the immunomodulatory potential of this dose.
In order to determine the ethanol dose to be used, a search in the
literature showed different studies employing a variety of doses and
models with different purposes, indicating the absence of treatment
standardization in the attempt to mimic the drug consumption by its
users. Thus, there are suggestions of ethanol administration in the
drinking water [52-54], which in our opinion, can be stressful to the
animal, since there is no other option of water intake, added to the
uncertainty of the dose ingested. There are reports of parenteral
administration [55, 56], which again is beyond the scope of this
work. Finally, studies with administration by gavage [57, 58]
appeared in our view to be the most suitable approach for our
studies since it is the way that people usually use it.
Wai et al., [35] based the ethanol dose to be used in their studies on
the usual consumption of wine drinkers (alcohol content ≈ 12%),
calculating a wine intake of 500 ml per day by an adult of 50 kg,

resulting in mice (body weight ≈ 30g) in a dose of 0.5 ml of a 10%
solution of ethanol.
Knowing that club or rave-goers usually consume whiskey and
energetic drinks to keep themselves "high", we decided to
extrapolate on the dose employed by this researcher, considering
the alcoholic content of the distillate, which varies from 40 to 60%,
and a volume of 40 ml per serving, to a person with 60 kg of body
weight [59]. Thus, considering the average value of the whiskey
alcoholic content as 50%, one serving of this drink (40 ml) would be
equivalent to the consumption of 0.27 g/kg of ethanol. Accordingly, a
dose of 1 ml of a 10% ethanol solution, to rats with approximately
250g, amounts to 0.32 g/kg of ethanol, an approximate value to that
supposedly ingested by users.
A fact that draws the attention in the different studies conducted to
evaluate ethanol and ketamine associated effects, is the absence of
evaluation of food intake and body weight gain of the animals,
important parameters to be considered for immunotoxic effects
determination, as evaluated in this study. In fact, it is known that
nutritional changes may result in related immune parameters
alterations [60], for instance, thymus relative weight [61, 62],
increased chronic inflammation susceptibility and recurrent
infections [63].
The doses used in the present study, whether in combination or not,
were unable to promote changes in water consumption, food intake,
or body weight gain. In fact, Fataccioli et al., [64] in a study
conducted in rats treated only with ethanol 10% on drinking water
for 28 d, did not observe any changes in these parameters. In the
study of Rofael et al., [65] which evaluated the effects of orally
administered ketamine in rats (100 mg/kg), associated or not with
cocaine, ketamine alone did not promote changes in these
parameters, corroborating our results. It is known that xylazine and
ketamine association can promote anorexic effects in animals
subjected to this anesthetic protocol [66, 67]; however, it is worth
remembering that xylazine can act on a class of α-adrenergic
receptors, including α1-adrenergic, related to the “feeding center”
[68], while the central action of ketamine is mainly on NMDA
receptors activity [69], which would justify the nonobservance of
anorexic and body weight gain effects on the animals.
Ethanol is a caloric source and its consumption has been related to
body weight gain and obesity in humans [70]. On the other hand,
substantial amounts of its chronic consumption can lead to weight
loss due to a carbohydrate isocaloric substitution by the ethanol
[71]. However, the dose here employed presented an average of 97
calories/day, an insufficient value to promote effects on food intake
and body weight gain.
Although some studies reported the effects of ethanol or ketamine
on immune parameters, no data were found in the literature relating
the possible immunotoxic effects resulting from the combination of
these substances. Studies with rodents exposed to ketamine are
usually associated with immunological challenges by infectious
agents, showing reduced release of pro-inflammatory cytokines such
as TNF-α [44], as well as in vitro inhibitory effects in nitric oxide
(NO) synthesis by macrophages, evidencing an immunomodulatory
effect on the resulting inflammatory response [72]. Studies with
ethanol also showed its immunosuppressive potential, characterized
by suppression of cytokines secretion and reduction of B and T
lymphocytes population on lymphoid organs [73, 74].
Despite the immunomodulatory potential of ethanol or ketamine
previously observed in laboratory animals, it is important to
emphasize that the protocols employed by these researchers differ
in several aspects, such as animal species, doses, administration
routes, and experimental periods, including in vitro studies [72]. In
none of these studies, animals were exposed to ketamine for a
period of over 6 h [22, 75]. Ethanol doses varied up to 35% in
drinking water, and the experimental period, up to 7 d [73].
Furthermore, it is known that the thymus is a lymphoid organ very
sensitive to stress and toxic effects of substances [76]. Its relative
weight, in conjunction with alterations in peripheral cellularity of
white cells, constitutes important endpoints for testing the
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immunotoxic potential of chemicals by regulatory toxicity agencies,
such as OECD (Organisation for Economic Co-operation and
Development) and FDA (Food and Drug Administration). Thus,
considering the results herein obtained, with the dosages and the
administration period of 28 d, it is not possible to conclude that
ketamine and/or ethanol elicit immunotoxic effects, either alone or
in combination.
It is known that ethanol exerts deleterious effects on the hepatocytes
[77] since products originated from its biotransformation, involving
the enzymes alcohol dehydrogenase and aldehyde dehydrogenase,
can induce liver synthesis of collagen and hepatic fibrosis. The
enzyme alcohol dehydrogenase generates NADH, which can
compromise the redox activity of cells and also contribute to
changes in the metabolism of lipids [78], carbohydrates, proteins,
and hepatic purines; and also generate acetaldehyde, causing
glutathione depletion and consequent lipid peroxidation of the
hepatocytes. Even more, the oxidation process by a specific system
of cytochrome (CYP) P450 (P450IIE1) can also influence on the
hepatotoxicity promoted by the chronic ingestion of ethanol [79-81].
Ketamine is biotransformed by several CYP system isoforms, which
varies from species to species [82]. There are no reports about the
possible hepatotoxic effect thereof, except in cases of high doses
used for acute treatment of human patients with chronic pain, by
infusion [83]. In fact, the results obtained here with the use of
ketamine did not reveal any toxic effects of this anaesthetic.
Moreover, despite the known toxicity of ethanol, it is possible to
suggest that the dose and period of treatment used here, which also
did not promote immunotoxicity, was not sufficient in terms of
concentrations and exposure time, to cause any hepatotoxic effects
in the animals.
Even though treatments did not elicit toxic or immunnotoxic effects,
some biochemical changes were observed. ALP levels were
decreased in both groups of animals treated with ketamine, although
the same was not observed in animals exposed only to ethanol when
compared with those of the control group. It is noteworthy that,
despite the serum ALP specificity, which results from the sum of four
isoenzymes activities from liver, kidney, bone, and intestines [84,
85], there were no indications of adverse effects in the
histopathology of these organs in any treated animals. In fact,
Bennett et al., [86] in monkeys exposed to ketamine, and González
Gil et al., [87] in rabbits also exposed to this anesthetic, showed a
statistically significant decrease in ALP levels after an acute
treatment with ketamine. It is known that the ALP reduction may be
due to vitamin B6 [88] and folic acid deprivation, or even due to less
vitamin E absorption [89]. However, as previously described, our
animals did not show any reduction in food intake that could lead to
this decrease in serum ALP, thus, at this time, it is not possible to
suggest any hypothesis about this phenomenon. Even more, the
researchers that found similar results to these evidenced by us in
different species of animals also did not infer any theory to this fact.
Regarding the animals lipid profile, an increase in the serum
cholesterol levels from those belonging to KE group was observed,
when compared with the Co group. In relation to serum levels of
triglycerides, only animals of K group showed a statistically
significant reduction in this parameter, compared with the animals
of Co and KE groups. Furthermore, the animals of all experimental
groups (K, E and KE) exhibited an increase in the serum HDL levels
when compared with the animals of Co group.
It is known that chronic ethanol consumption can interfere with the
liver lipid metabolism [90], being common the occurrence of high
HDL [91, 92] and cholesterol [93, 94] levels. Furthermore, ketamine
administration generally promotes an increase in serum cholesterol
levels [95, 96] and changes in serum triglyceride levels [97, 98].
Studies conducted in different species of monkeys exposed to
ketamine promoted both cholesterol and triglycerides increase in
Macaca fascicularis [99], or the opposite effect, in Macaca radiata
[100]. Thus, it is possible to suggest that the ketamine and/or
ethanol treatment can promote synergistic or even antagonistic
effects in the serum lipid markers.

It is known that the chronic recreational use of ketamine in humans
can promote hemorrhagic cystitis, associated with chronic
inflammation and urothelial ulceration [101], although the toxic
mechanism of action involved in this process is still not fully
elucidated. Our histopathological and urinalysis results were not
able to show any significant alterations that could result in bladder
injury, suggesting that the dose or exposure period employed were
not sufficient to promote such effects.
On the other hand, the results for renal function showed that the
treatment with ketamine, in combination with ethanol, increased
creatinine levels when compared with the treatment with ketamine
alone. In fact, a study conducted by Gvozdenovic et al., [102] in dogs
exposed to ketamine and ethanol 12% in drinking water for 30 d,
showed that creatinine levels were also elevated in these animals,
however, no effect was observed in urea levels, which did not
characterize renal injury. In fact, ketamine is the anaesthetic drug of
choice to be used in surgery of patients with some risk of kidney
disease, as it does not promote any harmful effects in the kidneys
[103]. In the case of ethanol, studies report that its chronic use can
significantly increase urea and creatinine serum levels, as was
observed by Das et al., [104] in rats exposed to ethanol (1.6
g/kg/BW/day) for 12 w.
CONCLUSION
In conclusion, even though the present experimental conditions of
ketamine and ethanol administration did not elicit changes on
immune organs of rats treated for 28 d, changes on serum
biochemistry of ALP levels, lipid profile alteration, and renal
function were observed. Considering this, there is no doubt of the
necessity to perform further experiments in order to investigate and
elucidate such effects, since different and not always consistent
results were observed by other authors, using either different doses,
routes of administration, animal models, or periods of
experimentation from those used here. Thus, the future goal of our
research group is to delineate other experimental trials targeting
these effects, in order to better understand the possible toxic
mechanism of action of each drug and to establish if the association
of both may result in a synergistic/antagonistic mode of action to
promote intoxication.
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