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Abstract

Anhedonia, the presence of diminished pleasure or decreased motivation for
rewards is considered one of the core symptoms of depression. Studies have
shown that anhedonia and reduced reward learning predict a poor prognosis
with a higher prevalence of treatment failure among patients. Several mechan-
isms have been implicated in the onset and progression of depression; further-
more, an important amount of evidence supports not only the importance of the
reward circuitry in the development of depressive anhedonia but also, that it is
closely related with the presence of inflammation. In the current paper we show
that 500 ul carrageenan administration in the right hind paw after deafferenta-
tion surgery leads to anhedonia, which is evident by a decrease in saccharine
consumption in a two-bottle choice test; these findings suggest that carragee-
nan mediated inflammation is a reliable model of anhedonia that could lead
to a better understanding of the immune-neural axis in motivation.
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1. Introduction

Anhedonia, the presence of diminished pleasure or decreased motivation for re-

wards is considered one of the core symptoms of depression [1] [2]. Studies have
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shown that anhedonia and reduced reward learning predict a poor prognosis
with a higher prevalence of treatment failure among patients [3] [4]. The number
of depressive patients with anhedonia suggests that aberrant reward processing, due
to changes in reward circuitry, is an important mechanism underlying depres-
sion pathophysiology [5].

Currently, several mechanisms have been implicated in the onset and progres-
sion of depression; including the HPA axis dysregulation, the presence of genetic
receptor alterations and dopamine deficiencies in the mesolimbic axis [6] [7] [8].
Furthermore, an important amount of evidence supports not only the importance
of the reward circuitry in the development of depressive anhedonia but also, that
it is closely related with the presence of inflammation [9] [10]. Evidence has shown
that pro-inflammatory cytokines, in addition to their effect in the periphery, can
communicate with the brain and induce depressive-like behaviors, including an-
hedonia, decrease in exploratory, novelty-seeking and social behaviors, as well as
reduce food intake and sleep disturbance [10] [11] [12] [13]. Experiments per-
formed by Yirmiya [14] showed that endotoxin-(e.g. lipopolysaccharide) and cy-
tokine-induced anhedonia in rodents is often described in terms of reduced in-
take of palatable substances (e.g. sweetened water or milk). Recently, this reduc-
tion in consumption of palatable substances has been observed in various animal
procedures that induce depression, including chronic mild stress, olfactory bul-
bectomy and social stress [15] [16] [17].

Additionally, it has been reported that carrageenan-induced inflammation at-
tenuates place preference produced by the administration of morphine, cocaine
and methamphetamine; suggesting that the inflammation overshadows the drug
stimulus and inhibits the place-preference conditioning otherwise showed by the
administration of morphine, cocaine and methamphetamines [18]. However, car-
rageenan-induced inflammation has not been considered a model of anhedonia
because of the associated pain observed. Therefore, in the present study, we inves-
tigated if the deafferentation of the sciatic nerve could eliminate the pain com-
ponent in the carrageenan-induced inflammation, and if it would be suitable as

an anhedonia model.

2. Methods

Experiments reported here were conducted in the Pharmacology Department at
the Faculty of Medicine of the National University of México (UNAM) and in
the Neuroscience Division of the National Institute of Psychiatry. In both cases,
the protocol was approved by the Research and Ethics Committee of the Faculty
of Medicine and that of the National Institute of Psychiatry, in compliance with
the Animal’s Protection Act and the General Health Law. Surgical procedures
were carried out based on the guidelines of the Ethics Committee of the Interna-

tional Association for the study of pain [19].

2.1. Animals

Male Wistar rats between 250 and 350 g of weight, and 5 to 8 weeks of age, were

DOI: 10.4236/jbbs.2020.103009

154 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2020.103009

M. A. Sotomayor-Sobrino et al.

housed in groups of 3 to 5 rats per cage. Animals had access to food and water
Ad Iibitum and were subjected to an inverted 12 h light/dark cycle (lights on
from 18:00 to 06:00 h). All efforts were made to minimize animal suffering and
to use only the number of animals necessary to produce reliable scientific data.
All behavioral tests were performed in a room with dim red illumination and
dampening external noise during the active phase of rat’s diurnal cycle. Before
the beginning of the experiments, all animals were handled daily by the experi-
menter for a week and on the day of the experimental sessions’ animals were left

in the experimental room for an hour in order to habituate to the surroundings.

2.2. Surgical Technique

As mentioned before, to eliminate the pain component of the carrageenan-induced
inflammation, the deafferentation of the sciatic nerve was performed as described
elsewhere [20] [21]. Briefly, after mild sedation with intraperitoneal pentobarbital
(30 mg/kg), chlorhexidine was applied topically over the area of foray of the right
hind leg. Then, 0.5 ml of lidocaine (20 mg/ml) was administered in the area close
to the pelvic articulation. Few minutes later, the sciatic nerve was exposed through
an incision (10 mm, approximately) over the pelvic joint. The muscle fibers were
carefully separated to expose the sciatic nerve and 0.3 ml of lidocaine (20 mg/ml)
was topically applied at the nerve. The efficacy of the pain blockage was assessed
using paw withdraw latency and vocalization in response to nociceptive stimulus
using a clamp in the ipsilateral paw for 60 seconds after the topical administra-
tion of the anesthetic drug. Finally, a 2 mm segment of the nerve proximal to its
bifurcation into the tibial and common peroneal nerves was removed, and the in-
cision was sutured. Animals were allowed to recover from surgery in a dim light
area and corporal temperature was maintained using an electrical thermic pad.
Animals were closely monitored and those who showed signs of distress or pain

were withdrawn from the protocol.

2.3. Carrageenan-Induced Inflammation

A volume-response curve was performed by injecting 500 ul of 1% carrageenan
(carrageenan type IV, Sigma-Aldrich) diluted in saline in the right hind foot pad.

Paw volumes were determined using a water plethysmometer.

2.4. Thermal Hypersensitivity and Mechanical Allodynia Tests

Before pain response evaluation, animals were daily habituated for 15 min in the
testing apparatus during three consecutive days. Baseline recordings were per-
formed before the deafferentation of the sciatic nerve, and again a week after sur-
gery. Additionally, right hind paw volumes were assessed and 1% carrageenan
(500 ul) was administered in the right hind foot pad. Thermal hypersensitivity
and mechanical allodynia tests were daily performed for 7 days.

Thermal hypersensitivity was evaluated using a plantar test apparatus, as pre-
viously reported [22]. Briefly, an infrared radiant heat source was focused on the

middle of the plantar surface of the hind paw, and time taken for the paw with-
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drawal was measured automatically. To avoid thermal injury, the cutoff duration
of exposure was set at 12 s. The withdrawal latencies for three trials performed at
5 min interval were averaged.

Mechanical nociceptive thresholds were evaluated using an automated Von
Frey-type dynamic plantar esthesiometer, as described before [22] [23]. Briefly,
each rat was placed in a plastic cage with a wire mesh floor. The tip of a von Frey
filament was applied to the middle of the plantar surface of the hind paw with in-
creasing force until the paw was withdrawn or a cutoff force of 50 g was reached.
Both, latency to withdraw and the force required to elicit this reflex withdrawal
of the hind paw were automatically recorded. To avoid any injury, the cutoff
duration of exposure was set at 10 s. Data represent the average of four trails

performed at 5 min interval.

2.5. Two-Bottle Choice Saccharin Preference Test

A two-bottle choice procedure was used to test saccharin preference (Figure 1).
For this test, rats were housed individually; on the first day rats received two drink-
ing bottles in their home cage filled with tap water to get used to the two bottles.
The following day, one of the two drinking bottles was filled with a 0.1% saccharin
solution (Sigma-Aldrich). Twenty-four hours later, the two bottles were weighed,
refilled with water or saccharin solution and placed in reversed order. Twenty-four
hours later, bottles were weighed again. Consumption was registered, before car-
rageenan administration, for three consecutive days and for 7 days after. Saccha-
rin preference was expressed as average daily intake of saccharin solution to the

total daily fluid intake (as a percentage).

2.6. Prostaglandin Analysis

Prostaglandin 2 (PGE2) plasma concentration was measured after administration
of carrageenan. Blood was collected using retro-orbital bleeding technique described

Figure 1. Two-bottle choice paradigm.
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elsewhere (Sharma, A., et al, 2014). Briefly, animals were anesthetized with pen-
tobarbital (30 mg/kg, ip.), and a sample of 0.1 ml of blood was collected inserting
a heparinized capillary tube (1.15 mm diameter) in the lateral canthus oriented
toward the back of the head, gently pressured against the orbital bone just in
front of the zygomatic arch until blood flows. After centrifugation (15 min at 2000
r.p.m.), plasma was stored at —70°C. PGE2 concentration analysis was performed
using ELISA assay (ab133021-prostaglandin E2 Abcam°kit), and the resulting
microplate was read at 405 nm using Skanlt software version 5.0.0.42 according

to instructions from the manufacturer.

2.7. Statistical Analysis

Data were analyzed with GraphPad Software version 3.02 for Windows (Graph-
Pad Software, San Diego, CA, USA) using one-way ANOVA followed by Tukey.
Normality was tested using D’Angostino & Pearson test. To analyze PGE2 plasma
concentration, a Shapiro Wilk normality test was used and a two-way ANOVA.
Differences between means with a p value < 0.05 were considered significant at

the 95% confidence level.

3. Results

3.1. Carrageenan Administration Decreased Saccharine
Consumption

Rats that received carrageenan in the right hind-paw after deafferentation had a
significant decrease in average saccharine consumption over the 7-day experi-
ment (81.9% vs 39.7%, p < 0.05) being a 52% change (Figure 2). The decrease in
saccharine consumption was apparent and significant 24 hrs after carrageenan
administration and remained significant until day 6. On day 7, there was still a
lower consumption; however, it was not significant and seemed to be returning
to pre-carrageenan levels (Figure 3).

We measured basal paw volume and edema; carrageenan caused a significant
increase in paw volume compared to that of control from day 1 to 5 (Figure 4).
We found an inverse correlation between edema and percentage of saccharine con-
sumption (r = —0.5, p < 0.05) suggesting that degree of inflammation correlates

with decrease in saccharine consumption (Figure 5).

3.2. Carrageenan Administration after Deafferentation Had No
Change in Thermal or Mechanical Withdrawal Latencies

Animals that undergo deafferentation surgery (DS) significantly increased with-
drawal latency in the plantar test model (6.6 vs 9.1 s, p < 0.05) while sham controls
didn’t (6.8 vs 5.9 s, p > 0.05). We found no significant differences in the Von
Frey filament test (DS 33.3 vs 33.6 g, p > 0.05 and sham 35.1 vs 32.3 g, p > 0.05);
this shows that deafferentation diminishes thermal nociception while mechani-

cal nociception seems to be unaffected (Figure 6).
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Figure 2. Average 7-day saccharine consumption after vehicle or carrageenan adminis-
tration. Data represent the average percentage of daily consumption during 7 days for 8 -
10 rats. Statistical significance was determined using one way ANOVA and Tukey, *p <
0.05. The administration of carrageenan significantly decreased average saccharine con-
sumption with a 52% change.
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Figure 3. Daily saccharine consumption after vehicle or carrageenan administration. Da-
ta represent the daily consumption during 7 days for 8 - 10 rats. Statistical significance
was determined using two way ANOVA and Sidak, F 6.25 *p < 0.05. The administration
of carrageenan caused a significant decrease in saccharine consumption from day 1 to day 6,
on day 7 the lower consume persisted but it was not significant, and consumption seemed
to be recovering.
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Figure 4. Daily paw edema after vehicle or 1% carrageenan administration. Data represent
paw edema for 7 days for 8 - 10 rats. Statistical significance was determined using one
way ANOVA and Tukey, *p < 0.05. The administration of carrageenan caused significant
paw edema compared to vehicle from day 1 to day 5, decreasing on days 6 and 7 where
the difference was not significative.
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Figure 5. Correlation between paw edema and saccharine consumption. Each point
represents the correlation between paw volume and % saccharine consumption for control

and carrageenan groups. Statistical significance was determined using Pearson test, * p <
0.05. Paw edema and inflammation inversely correlates with saccharine consumption.
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Figure 6. Withdrawal latency in sham and deafferentation surgery (DS) rats. A: Data
represent average withdrawal latency for thermal nociception (plantar test) for 8 - 10 rats.
B: Data represent average withdrawal latency for mechanical nociception (Von Frey) for 8
- 10 rats. Statistical significance was determined using one way ANOVA and Tukey, *p <
0.05. The deafferentation surgery significantly increased withdrawal latency for thermal
nociception while mechanical nociception remained unchanged.
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The administration of carrageenan in the right hind paw after the deafferenta-
tion surgery did not change withdrawal latency to thermal nociception compared
to that of rats that received saline (8.4 vs 8.3 s, F=10.9, p > 0.05). The carrageenan
group had a significantly longer withdrawal latency compared to that of the sham
group throughout the measurements (8.3 vs 6 s, F=10.9, p < 0.005). We did not
find significant differences between groups in the withdrawal latency to me-

chanical nociception (Figure 7).

3.3. Carrageenan Administration Did Not Alter PGE2
Concentrations

Serum PGE2 concentrations were measure after 1, 2, 3 and 4 days post administra-
tion of carrageenan; statistical significance was determined using two way ANOVA
and Tukey. Carrageenan administration didn’t increase PGE2 concentration at

any time compared with saline group (Figure 8).
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Figure 7. Withdrawal latency in 7 day follow up in sham and deafferentation surgery (DS) rats.
A: Data represent average withdrawal latency for thermal nociception (plantar test) for 8 - 10
rats. B: Data represent average withdrawal latency for mechanical nociception (Von Frey) for
8 - 10 rats. Statistical significance was determined using two way ANOVA and Sidak, *p < 0.05.
Carrageenan administration didn’t change thermal withdrawal compared to rats who received
saline after deafferentation, both groups had significantly higher withdrawal latencies com-
pared to rats without deafferentation; there were no differences in withdrawal latency in me-
chanical nociception.
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Figure 8. Prostaglandin concentration in control, sham, carrageenan and saline groups.
Data represent average concentration of PGE2 in serum 1, 2, 3 and 4 days post adminis-
tration.

4. Discussion

In the current research paper we show that carrageenan administration in the
right hind paw after deafferentation surgery leads to anhedonia, which is evident
by a decrease in saccharine consumption in a two-bottle choice test; our team had
previously shown that inflammatory models for carrageenan administration pre-
vent the development of morphine and nicotine conditioned place-preference, these
findings suggest that carrageenan mediated inflammation is a reliable model of an-
hedonia that could lead to a better understanding of the immune-neural axis in
motivation.

There is a mounting body of evidence showing that inflammation can lead to
depression and anhedonia in animal models; rats that received an intraperito-
neal injection of Calmette-Guerin bacillus (CGB) 1 x 10" CFU presented depres-
sion in a forced swim model. This depressive conduct could be blocked with the
administration of anti-IFN drugs showing a relevant role of intracerebral cyto-
kines.

However, using bacteria as a neuro-immune model has a number of difficulties.
CGB takes long to grow and requires a very controlled environment and it’s an-
tigenic structure is highly complex, leading to a high variability in immune re-
sponse; whereas carrageenan is a polysaccharide easily obtainable and with a pre-
dictable immune response.

As aforementioned, carrageenan administration has previously shown to pre-
vent conditioned place-preference responses to a number of substances including
morphine, nicotine, cocaine and methamphetamine. However, with conditioned
responses, a number of neural circuits participate including memory. Thus, to
dissect the effect inflammation has over hedonic responses, we used the two bot-
tle choice model, which is independent of memory.

We found that carrageenan administration in the right hind paw after deaffe-
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rentation surgery lead to a decrease of over half the rats’ saccharine consump-
tion; this decrease was proportional to the edema volume on the paw, showing a
strong correlation between these two variables. In addition to this, while the in-
flammation decreased towards the latter days of the experiment, saccharine con-
sumption went back up until no significant differences were found with regard to
that of the control group, suggesting that this anhedonia model is reversible and
allows repeated evaluations. Another confounding factor with previous inflam-
mation-induced anhedonia models is pain since most of the inflammatory
models such as formalin, which can lead to pain. Hence, we tested the administra-
tion after deafferentation surgery to validate that deafferentation is blocking the
pain signal in our animal models. We also tested thermal and mechanical noci-
ception in rats with the surgery and with the carrageenan administration.

We found that cutting the sciatic nerve leads to a significant decrease in ther-
mal nociception evident by the fact that withdrawal latency in the plantar test
model was significantly increased in the surgery and in the surgery + carrageenan
animals; mechanical nociception, however, was not significantly affected. This could
be due to the fact that the other paw nerves sense the movement in response to
the Von Frey filament. Nevertheless, no rats with carrageenan administration after
deafferentation surgery had a shorter withdrawal latency to heat or pressure com-
pared to the sham groups, showing that the animals feel no pain.

In our previous work, ibuprofen managed to block carrageenan anhedonia in
a conditioned place-preference model. This led us to believe that PGE2 might play
a role in this effect, so we measured prostaglandin concentration in retroorbital
blood. We did not find any significant differences, which could be due to the ex-
traction technique used. Even though retroorbital blood samples are an easy and
relatively innocuous way to obtain serial samples from the animal, there is tissu-
lar damage and an important breakage of blood vessels even when it is done right,
this could account to the similar PGE2 concentrations in all of our groups. Anoth-
er factor could be that PGE2 concentration peak before in our model and we could
not detect it in the blood samples, this could suggest that other mediators are es-
sential in the immune-brain communication causing this anhedonia.

We believe that this new model of immune anhedonia is a simple and reliable
way to study how peripheral inflammation can affect mood and motivation. and
further our understanding of the links between the immune system and the brain

and potentially develop new treatments for depression and addiction.
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