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Inhibition of astrocyte 
activation is involved 
in the prevention of 
postoperative latent pain 
sensitization by ketamine 
and gabapentin in mice

Sir,
The pharmacologic management of postoperative pain has 
currently a double purpose: On one hand to reduce the intensity 
of the acute pain after surgery, and, on the other hand, to prevent 
the development of chronic postsurgical pain. Previous studies 
have shown that an inhibition of the glial activation is involved 
in the prevention of postoperative hyperalgesia  (POH) by 
ketamine (KET) and gabapentin (GBP).[1,2] However, only a 
few data exist on the involvement of the glial activation in the 
prevention of the postoperative latent pain sensitization (PS) 
mediated by KET or GBP.

Because of this, the antihyperalgesic effects of KET and GBP 
were evaluated in a plantar incision pain model (previously 
validated in our laboratory in mice,[3] which mimics the 
characteristics of the postoperative pain in humans. The 
work was in agreement with both the European Directive 
2010/63/EU and the Ethical Guidelines‑International 
Association for the Study of Pain. The protocol was 
approved by the institutional review board (CEEA‑PRBB, 
Spain). We assessed POH and PS, the later substantiated by 
a naloxone (1 mg/kg) challenge, using Von Frey filaments 
(10–12 animals/group). Activation of microglia and astrocytes 
was evaluated by immunochemistry  (4–5 animals/group 
and time point) of the L4–L6 segments of the spinal cord. 
Systemic KET (50  mg/kg) and GBP  (100  mg/kg) were 
administered intraoperatively just before surgical closure to 
mimic the postoperative analgesia administration in clinical 
practice. Drug doses were selected among those effective in 
previous studies on postoperative pain in mice. All animals 
received the same inhaled concentration of sevoflurane 
(3.0–3.5%, v/v) during 30 min.

Surgery  (incision plus saline, INC  +  SS group) induced 
a significant POH in mice at 4h and 1  day. On days 
20–21, naloxone, but not saline, administration induced 
hyperalgesia of a similar magnitude to day 1  [Figure  1]. 
KET (INC + KET) and GBP (INC + GBP) partially prevented 
POH at 4h and 1 day (P < 0.001), and PS at 21 day after 
naloxone  (P  <  0.001)  [Figure  1]. No hyperalgesia was 
observed in sham‑operated animals at any time point (control 
group, data not shown). Glial immunoreactivity was assessed 
at day 1, concurring with the period of maximal hyperalgesia, 
and also on day 21 after saline or naloxone administration. 
On day 1, the increase in microglia immunoreactivity was 
prevented by KET and GBP  (P  <  0.001); neither saline 
nor naloxone administration on day 21 induced microglia 
re‑activation [Figure 2]. Immunoreactive astrocyte activation 
on day 1 promoted by surgery was partially prevented 
by KET and GBP  (P  <  0.001). The administration of 
naloxone  (but not saline) on day 21, induced astrocyte 
re‑activation, which was partially prevented by both KET and 
GBP (P < 0.001) [Figure 2] scale bars: panels A and B, 50 μm.

Our findings indicate that the antihyperalgesic effects of 
KET and GBP, two of the most important adjuvants currently 
employed in clinical practice to prevent chronic pain 
after surgery, could be partially mediated by an inhibition 
of microglia and astrocyte activation. It is known that 
N‑methyl‑D‑aspartate ‑nitric oxide (NMDA‑NO) pathways 
are involved in the development of hypersensitivity, and 
NO promotes glial fibrillary acidic protein expression in 
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Figure 1: Effects of ketamine (50 mg/kg) and gabapentin (100 mg/kg) in 
a murine model of incisional pain. Data expressed as mean ± standard 
error mean.*P < 0.001 versus baseline; #P < 0.001 versus INC + SS
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astrocytes.[4] Thus, the blockade of NMDA by KET could 
suppress NO liberation by NMDA neuronal receptors through 
the reduction of astrocyte immunoreactivity. The decrease 
of spinal glial activation by GBP could be due to an indirect 
modulation of the neuronal voltage‑gated calcium channels 
α2/δ‑1 subunits,[5] concurrent with Ca2+‑dependent glutamate 
release from astrocytes.[6]

To the best of our knowledge, this is the first time that a delayed 
astrocytic activation, concomitant with a PS partial inhibition, 
has been shown to be partially prevented by KET and GBP in 
a model of post incisional pain. Further studies are warranted.
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Figure 2: Effects of ketamine (50 mg/kg) and gabapentin (100 mg/kg) on: (a) Microglia immunoreactivity. A1: Histograms (mean ± standard 
error mean): Number of ionized calcium binding adapter molecule 1 positive cells. A2: Representative photomicrographs of Iba‑1 positive cells 
expression by immunofluorescence in spinal cord at day 1. (b) Astrocyte immunoreactivity. B1: Histograms (mean ± standard error mean)% of 
glial fibrillary acidic protein stained area. B2: Representative photomicrographs of glial fibrillary acidic protein expression by immunofluorescence 
in spinal cord, at 1 and 21 days after surgery.*P < 0.001 versus baseline; #P < 0.001 versus INC + SS
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Effect of flumazenil 
on memory retrieval 
determined by 
trial‑to‑criteria inhibitory 
avoidance method in mice

Sir,
In India, the incidence of Alzheimer’s disease  (AD) is 
substantial and is approximately 14  times higher among 
persons older than 85  years compared with those between 
65 and 69 years of age.[1] In a study conducted in Southern 
India, incidence of AD was found to be 11.67% in 55 years 
and above age group and 15.54% in 65 years and above age 
group.[2] Currently approved drugs in the treatment of AD 
act on cholinergic system (e.g. donepezil) and glutamatergic 
system (e.g., memantine).[3,4] Treatment of AD till date is far 
from satisfactory. Recent failures of several phase III trials of 
many potential drug molecules for the treatment of AD have 
reiterated the need to find new molecular targets.[5] In addition, 
the role of other neurological mechanisms, for example, 
gamma‑aminobutyric acid (GABA)‑ergic system as a potential 
target for the treatment of AD has not been explored in details.

Benzodiazepines are the drugs that selectively bind to 
modulatory site of GABAA receptor.[6] This modulatory 
site is different from GABA binding site and is specific for 
benzodiazepines. The discovery of specific benzodiazepine 
receptors in the central nervous system of higher vertebrates 
led to subsequent identification of possible endogenous 
effectors  (benzodiazepine endocoids or endozepines) for 
these receptors.[7,8] A study done by Kumar et al. has shown 
that CGS 8216, a benzodiazepine receptor antagonist, 

enhances learning and memory in mice by inhibiting the 
action of endozepines.[9]

Flumazenil is a benzodiazepine receptor antagonist. It is used 
to reverse the adverse psychomotor, amnestic, and sedative 
effects of benzodiazepine receptor agonists.[10] Flumazenil has 
also been found to accelerate acquisition, improve retention, 
and protect against experimental amnesia in mice.[11] In AD, 
the defect in memory retrieval is associated with long‑term 
memory loss.[1] Previously, effects of flumazenil in memory 
acquisition have been studied,[11] but its effect on memory 
retrieval is yet to be explored. Hence, this study was planned 
to evaluate the effect of flumazenil on memory retrieval in 
mice.

The study was conducted in two parts. In part  1, the 
effect of flumazenil 40 mg/kg[11] on learning and memory 
performance in normal Swiss albino mice was studied in 
trial‑to‑criteria inhibitory avoidance.[12] In part 2, flumazenil 
40 mg/kg[11] was tested for its effect on learning and memory 
performance in mice with scopolamine‑induced amnesia 
in trial‑to‑criteria inhibitory avoidance. Permission of the 
Institutional Animal Ethics Committee of Seth Gordhandas 
Sunderdas Medical College and KEM Hospital, Mumbai, 
was taken before commencement of the study (AEC/02/12). 
The study was conducted in accordance with the Committee 
for the purpose of Control and Supervision of Experiments 
on Animals guidelines. The data were expressed as 
mean ± standard deviation for each group. An unpaired t‑test 
was performed to compare latency to step into the dark area 
between the two study groups. The level of significance 
was at P < 0.05.

When the effect of flumazenil on memory retrieval in normal 
animals was tested, the transfer latency in flumazenil group 
(131.75  ±  62.62) was similar to that of vehicle control 
(119.25 ± 61.82). 

When scopolamine was administered 5  min prior to the 
test session; there was a decrease in transfer latency time. 
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