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Vitamin C pre-medication enhances the anaesthetic effect 
of ketamine-xylazine combination in the rat

Alireza Najafpour1, Goudarz Sadeghi-Hashjin2

A b s t r a c t

IInnttrroodduuccttiioonn:: This experimental study was designed to study the effects of
ascorbic acid (vitamin C = VitC) for premedication on ketamine/xylazine
anaesthesia in the rat.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Fifty albino laboratory rats (Sprague-Dawley) of either sex
were divided into five groups (A, B, C, D and E) of ten rats in each. Rats in groups
C, D and E were pre-treated with 50, 100 and 150 mg/kg, respectively, of VitC. The
animals in group A (control) were treated neither with VitC nor ketamine/xylazine.
A combination of ketamine 5% (40 mg/kg) and xylazine 2% (5 mg/kg) was
administrated intraperitoneally (I.P.) to all groups except group A. The onset and
duration of hypnosis as well as vital signs were observed and recorded.
RReessuullttss::  There was a significant (p<0.01) decrease in the onset and increased
duration of anaesthesia in the animals treated with medium (group D) and high
(group E) doses of VitC. Heart and respiratory rates were decreased in all
anaesthetized animals, irrespective of the presence or absence of the pre-treatment
and dose of vitamin C.
CCoonncclluussiioonnss::  VitC at 150 mg/kg administration prior to ketamine/xylazine
treatment could be used to decrease the time needed to induce and to increase
the duration of anaesthesia in rats. Application of VitC as a premedication agent
in clinical practice, therefore, might be of interest in human and animal patients
to use a lower dose of anaesthetics and, therefore, to minimize their side effects.

KKeeyy  wwoorrdd::  ascorbic acid, vitamin C, premedication, ketamine, xylazine, rat, general
anaesthesia.

Introduction

Ascorbic acid (vitamin C = VitC) is known to be highly concentrated in
the brain [1, 2]. In spite of several studies, however, the actual physiological
role of VitC in the normal function of the CNS remains unclear. It exerts 
a modulating influence on the CNS either physiologically or pharmacologically.
High levels of VitC may have properties similar to those of amphetamine in
CNS depression. Impairment of CNS functions has been reported to occur
after deficiency of this water-soluble vitamin [1-4]. High doses of VitC have
been reported to induce sleep disturbances, headache and gut upset [1-3].

The rat is widely used as a laboratory animal for experimental surgery.
This animal species is prone to be easily stressed by improper pre-operative
handling and/or induction of anaesthesia, especially with volatile anaesthetics.
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Combined effects of stress and anaesthesia can 
result in cardio-respiratory arrests [5-7]. A prolonged
loss of appetite leads frequently to postoperative
complications such as GI disturbances in the rat [8].
One example is the combination of an α2-adreno-
ceptor agonist (such as xylazine) with an anaesthetic
agent (such as ketamine) [5, 6, 9, 10]. Xylazine is
characterized by sedative and muscle relaxant effects
and short-time analgesia. In higher doses, ketamine
induces perfect immobilization [6, 8]. When ketamine
is used as a sole anaesthetic agent, it tends to cause
hypertonus, poor muscle relaxation, persistent 
pain reflex responses and violent recovery from
anaesthesia. Xylazine may counteract these
undesirable side effects and the combination has
been reported to produce a desirable anaesthesia in
the rat, although with some mortality [5, 6].

The role of VitC in affecting general anaesthesia
is not completely understood. A very old article in
Russian, written by Ivanovskaia [11], suggested a role
for this chemical in diethyl ether-induced anaesthesia.
Since then, with some exceptions, this work has been
ignored and no real attempts have been carried out
to investigate its interaction with more modern
anaesthetic agents. Based on what has been
mentioned, this study was designed to determine
the effects of VitC, as a modulator of CNS functions,
on ketamine/xylazine anaesthesia in rats. We
hypothesized that a VitC-induced disruption of CNS
function could influence the neuroleptanaesthesia
by ketamine/xylazine combination. In this case, the
idea could be extended to clinical conditions, where
a decreased dose of anaesthetic is of great
importance to the health of a patient.

Material and methods

AAnniimmaallss

In the trial, 50 adult albino laboratory rats
(Sprague-Dawley, 20 males and 30 females) were
used. Animals were 10-12 months old with weights
ranging from 320 to 460 g. They had free access to
tap water and commercial chow. Clinical examination
included examination of the size of submandibular
and popliteal lymph nodes by palpation and the fur,
the colour of the mucosa, auscultation of the heart
and lung sounds, and palpation of the abdominal
cavity prior to inclusion in the trial and immediately
before anaesthesia [8]. The animals were clinically
healthy. They were randomly divided into 5 groups of
ten rats each (A, B, C, D, and E) and housed in the
animal house of the Faculty of Veterinary Medicine,
Urmia Branch of Islamic Azad University. The rats were
allowed to acclimatize for two weeks before the
experiment commenced.

EExxppeerriimmeennttaall  pprroottooccooll

Rats in the test groups of C, D and E were pre-
medicated with either 50, 100 or 150 mg/kg VitC,

respectively, via intra-peritoneal (i.p.) injection.
Negative controls (group A) and positive controls
(group B) received physiological salt solution. Five
minutes after premedication, animals in groups B,
C, D and E were subjected to a combination
anaesthesia. For this, ketamine 5% (Rotexmedica,
Trittau, Germany) plus xylazine 2% (Rompun, Bayer,
Leverkusen, Germany) were applied i.p. at the doses
of 40 and 5 mg/kg, respectively, according to
Flecknell [5]. Group A received saline solution. Vital
signs, including body temperature (BT), heart rate
(HR) and respiratory rate (RR), were taken and
recorded after injection of the anaesthetic cocktail.
Rectal BT was obtained by a digital thermometer,
HR by an ordinary stethoscope, and RR by
observation of breast movements. The onset and
duration of hypnosis were also observed and
recorded. Onset of anaesthesia was evident by
recumbence, decreased respiratory rate, loss of
pedal and papillary reflexes and loss of movements
[5]. The time between loss and return of skin reflex
to superficial pain-inducing stimulus was taken as
the duration of anaesthesia.

SSttaattiissttiiccaall  aannaallyyssiiss

The results are presented as means ± standard
deviation (SD). Differences between positive controls
(group B) and premedicated animals (groups C, D
and E) were first analyzed for statistical significance
using one-way ANOVA. When p<0.05, Bonferroni’s
test was performed to analyze differences between
group B and other groups one by one. Differences in
vital signs (only) observed between negative (A) and
positive (B) control groups were evaluated by
unpaired Student’s t-test. A p value less than 0.05
was considered to reflect statistical significance.

Results

As shown in Table I, negative control animals
(group A) did not show any signs of CNS depression.
In the non-premedicated rats (group B) onset and
duration of ketamine/xylazine-induced anaesthesia
were 5.35±0.7 min and 80.5±9.2 min, respectively. Pre-
treatment of rats with 50, 100 and 150 mg/kg of VitC
resulted in a significant (p<0.05) decrease in the onset
of anaesthesia by 16, 42 and 64%, respectively. The
duration of hypnosis was increased by VitC dose-
dependently. However, it reached the level of
significance only with the highest dose (150 mg/kg).

Administration of VitC prior to ketamine/xylazine
injection also significantly decreased the heart rate
(p<0.05). This, however, was not dose-dependent.
Respiratory rates and body temperature were
unaffected after VitC pre-medication (Table I).

Discussion

The present study shows that pretreatment with
VitC decreases the time needed to induce and
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TTaabbllee  II..  Effect of ascorbic acid on ketamine/xylazine (K/X) anaesthesia and vital signs of rats after intra-peritoneal
injection of ascorbic acid (AA)

Data are presented as means ± SD. Number of animals in each group =10
*p=0.023, **p=0.004, ***p<0.001 show significant differences in comparison to the average data obtained from the corresponding positive control
group (group B)

GGrroouuppss DDrruugg  ttrreeaattmmeenntt AAnnaaeesstthheessiiaa  ppaarraammeetteerr VViittaall  SSiiggnnss

OOnnsseett  DDuurraattiioonn  HHeeaarrtt  rraattee RReessppiirraattoorryy  RReeccttaall
ooff  aaccttiioonn ooff  hhyyppnnoossiiss  ((bbppmm)) rraattee tteemmppeerraattuurree

((mmiinn)) ((mmiinn)) ((ppeerr  mmiinn)) ((°°CC))

A Not treated – – 302±24 100±10 38.8±0.3

B K (40 mg/kg) + X (5 mg/kg) 5.35±0.7 80.5±9.2 292±10 89±7.5 38.9±0.2

C 50 mg/kg  AA + (K/X) 4.5±0.4** 83.9±10.1 120±14*** 80±7.2 38.7±0.2

D 100 mg/kg AA + (K/X) 3.1±0.2*** 91.9±11.2* 215±10*** 88±10.2 38.9±0.1

E 150 mg/kg AA + (K/X) 1.9±0.3*** 110±5.2*** 210±11* 82±15 38.8±0.4

increases the duration of anaesthesia by a combi-
nation of xylazine/ketamine in the rat in a dose-
dependent fashion.

Laurence et al. reported that high doses of VitC
may cause some CNS effects, including sleep
disturbances, headache and gut upset [4]. In
addition, VitC has been shown to induce depression
and impairment of the function of CNS when
administered at high doses [1]. Our findings appear
to be in agreement in part with those reported by
Ezenwanne and Anuka [3] on behavioural excitation
noticed in rats with low doses (5-8 mg/kg, i.p.) of
VitC, while the animals were sedated at higher
doses (160-320 mg/kg, i.p.).

Ketamine/xylazine and VitC combination caused
significant (p<0.05) decrease in heart and respiratory
rates when compared to the controls. Heart rate was
significantly below the baseline value during
anaesthesia in ketamine/xylazine groups, which 
is in agreement with the findings in dogs and cats
[12-14]. The decrease in heart rates in the VitC-
pretreated rats is worthy of note as ketamine/
xylazine combination per se did not significantly
reduce the heart rate. The observed decrease may
have resulted from VitC-induced CNS depression
activity [1, 3]. Interestingly, a recent work also
suggested that vitamin C at higher doses could
potentiate ketamine anaesthesia in rabbits [15]. 
In addition, a work earlier revealed a potentiatory
role for VitC on anaesthesia by pentobarbital [16].

Based on the observation by Nuh, ordinary
doses of ketamine/xylazine caused respiratory
depression [17]. In the present study, ketamine/
xylazine at 40 and 5 mg/kg in rats with or without
VitC induced significant respiratory depression, 
a finding in agreement with those reported by Nuh
[17]. Rectal temperature is expected to decline
after administration of general anaesthetics (like
barbiturates) by reduction of muscular activity and
depression of the thermoregulatory centre [5, 6,
8, 9]. Based on our observations, however,
ketamine/xylazine combination, with or without

VitC pretreatment, did not significantly reduce the
body temperature.

In conclusions, the results of this study clearly
suggest that VitC administration prior to ketamine/
xylazine anaesthesia could be used to accelerate the
onset of action and increase the duration of
anaesthesia in rats. Although the exact mechanism
has to be verified in detailed studies later, the finding
is of a meaningful outcome as VitC administration
can be applied to decrease the dose of anaesthetics
needed in general anaesthesia and to diminish their
side effects on patients.
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