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ABSTRACT

Ketamine is one of agents blockade receptors inflad glutamate (as a potent excitatory amino a£i@NS). This
drug has some side effects such as hypertensistantine releasing effects, hallucination, hyperivsdion
(especially with oral administration) and etc. Cémepam is a benzodiazepine that can pass troughdiicain
barrier and causes CNS suppression. Then it seleat€td administration of Clonazepam and ketamineseamore
effective & deep CNS depression effects and aleuviale some of ketamine adverse effects suchlagination.

The aim of this study was evaluation of ketamire @lonazepam CNS suppressions effects in the mafisargle
and together in cat. Ten free roaming male & matgss received drugs [ketamine (20, 40, 80mg/kg) &
Clonazepam (1.5, 3, 4.5 mg/kg)] first in mixturemofk (40ml) or meat (30g) or oral spray rout. In@® stage they
received concomitant doses of Clonazepam & ketahyrtbe method mentioned above. Each animal wasrodxd
continually by educated observer for CNS depresa®graded on the behavioral scales. Almost athefanimals
rejected receiving drugs in mixture of milk and mé&wo oral rout used for administration of drugdo@azepam &
ketamine showed dose dependent effects in diffeidministered doses. Concomitant use of Clonazewdm
ketamine improved depth and duration of ketamiB&lS depression effects. So results of this stunlyesththis fact
that administration of ketamine & Clonazepam in tomig of milk & meat is not a suitable method inscaAlso
Clonazepam in mentioned doses caused a weak ssppresf CNS. But a strong and long time CNS dejmess
(anaesthesia) is achieved when ketamine sprayeshdath. These Symptoms are considered significaroin
administration of these two drugs.

Key words: ketamine, Clonazepam, anaesthesia, Cat.

INTRODUCTION

Ketamine (KT) is a synthetic available anesthétiat tantagonize glutamate affected receptors. Tdémtablocks
NMDA (N-methyl-D-Aspartate) receptors in CNS [5].has been used in human & animal operations fopsi 35
years. Several studies had showed its wide marfgsafety [13, 15]. KT induces one form of anestadbat called
dissociative anesthesia in which there is a madextsory loss and analgesia, as well as amnesipaaaty/sis of
movement, without actual loss of consciousness. [KT] has some other effects such as sedation, esialgand
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immobility. This drug has low intestinal absorptioate. It's bioavailability in human with oral admstration is
%20+7 [21] and with rectal administration in cat is ¥&®5/1 (8). KT was stated to be metabolized to attleéso
major compounds of pharmacological interest: tcketamine (NK) byN-demethylation, which then is converted to
dehydronorketamine (DHNK) by dehydrogenation [1§.rhajor metabolite NK, however, is active with ghid of
the potency of its parent drug as an anesthetigs Tie first-pass effect after oral administratiesults in an active
metabolite that can contribute to the pharmacokdgtfects.

Oral KT has been used sporadically as premedicdtipranesthesia in children [4, 6]. Also In fract®ocats, is
administered by squirting the drug into the moutithwa syringe when the animal is hissing [18, 2]T k
anesthetized cats cause psychotic symptoms, retédsistamine and induce cardiovascular system hgpévity
such as increase of hart rate and hypertensiorzdéawepines are one group of sedative-hypnotigdtiiat used
to reduce hallucination induced by KT. Clonazepanone of long action benzodiazepines that had beed as
anticonvulsant and anxiolytic agent [17].

Because of membership of this drug in benzodiasspgroup it can cause a good & strong CNS suppresalso
this drug has little respiratory or cardiovascuapression effects (16). Nevertheless it seemscthatiministration
of Clonazepam with ketamine improves CNS supprgssifect of KT and decreases some side effectisfdiug
(e.g. hallucination, convulsion). The main and imtant aim of this study was evaluation of CNS segping effect
of orally administrated ketamine & Clonazepam ia thanner of single and together.

MATERIALS AND METHODS

Animals: Male, mature, sturdy free roaming and mikeeed cats selected randomly and were maintaaegtoup
housing in wide space (in a big room) to exhibitide range of complex behaviors. Animals had freeeas to food
and water, and maintained on a 12-hour light-damilec Temperature 25with humidity between 45 and 65%
provided for them allover the study. Food was wélldhfor 12 h and water for 2 h prior to the studyrinimize the
effects of gastric contents. They were kept onekwsefore the examination in their room to achievaximum
adaptation to environmental situations. Animals hatl be implicated any healthy problem allover shgdy. The
numbers of cats in all of the treatment groups weneanimals.

The procedure has been approved by research oagjaniZslamic Azad University ethic committee an@sw
conducted in conformity with the NIH guidelines tbe care and use of animals.

Drugs: Racemic ketamine (ketamine hydrochloridgntsi, St. Louis, MO, U.S.A.) was dissolved in norrsaline
and the ph of each solution was adjusted to 5. at a dose of 20, 40, 80 mg/kg [18], was adsténed orally

to cats in mixed with milk (40 cc) or meat (30 g)sprayed in mouth by a ordinary syringe (when afsnwere
rejecting the drug in mixture with milk or meatjorFcomparison, a similar study was performed witbn@zepam.
Clonazepam (Centaur India) was dissolved in nogabhe and different doses of Clonazepam (1.5,38n4/kg)
[20] were administered as a mentioned method. Tevemt absorption of the drugs from lower parts of
gastrointestinal tract such as stomach or intestimes mentioned doses were balanced no exceedsahlin
treatment groups.

Be remembered because absence of scientific respatmut oral doses of this two drugs in cat, theartic doses
in IV. Administration rout, considered as minimurose (base dose) for oral route of administraticsh @arcording
to this base, second, third and further doses atgiinas two, three and more fold of first dose eetygely. In first

stage, drugs administered separately. In secom Gtenazepam co-administered with Ketamine in mest

groups. In combination regimes high dose of eadly avith low dose of other, also middle dose withess middle
dose was used. Hence treatment groups include:

1) ketamine 20 mg/kg, 2) ketamine 40 mg/kg, 3) ke 80mg/kg, 4) Clonazepam 1.5 mg/kg, 5) Clonamepa
mg/kg, 6) Clonazepam 4.5 mg/kg, 7) ketamine 20 mglks Clonazepam 4.5 mg/kg, 8) ketamine 40 mglkg p
Clonazepam 3 mg/kg, 9) ketamine 80 mg/kg plus Glepam 1.5 mg/kg.

Each animal was observed continuously by an eddoatpert for CNS depression as graded on the betsdvi
scales shown as follow.

Scales for CNS depression were: [3]

1) No effect

2) impaired gait, prancing gat, some excitement

3) Lowered head, braced stance, hindquarter weaknes
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4) Sternal or lateral recumbency, some responssgetterepositioning
5) lateral recumbency, no response to movemerninbil and painful excitements

Reflex to pairin cat is evaluated by painful excitation of tailgads with clamp [9].

Also obtained results in administration of variodsses of drugs were evaluated on the base of usalhrn
parameters for each treatment group: [19]

- Onset time of effect: refer to initiation firsffect result from drug, which generally revealsrbiaxation and mild

ataxia.

- Duration of effect: refer to drug effect lengthtione (from initiation of first drug effect and psing of peak score
and then achieving to normal state in animal).

- Peak score for each dose: refer to the highésofaCNS suppression in administrated dose.

- Percentage of animal reached peak score: loseflexes (upon scores) for each dose.

- Onset time of peak score: refer to peak scot@fiun time of each dose.

- Duration of peak score: refer to time that animah highest recordable score in administratesedo

When ever score 2 recorded we did not recognizetiamgyto Duration of Peak Score & onset time ofP8aore.
Also Times more than 6 hours was not recordedignstiudy.

The results (Onset Time and Duration of CNS deprgssffects) are expressed as the Mean * SE. Bifters
between the individual mean values in differentupo were analyzed by one-way analysis of variadAd¢OVA)
and differences with a p<0.05 were considered fogmit.

RESULTS

CNS suppression effect of orally administered ketame (20, 40, 80 mg/kg) & Clonazepam (1.5, 3, 4.5 fkg)
in mixture with milk and meat in cat:

In these routs almost all of cats did not accepigslrin mixture with milk & meat or ice cream or chotate.
Therefore administration by syringe was used ollestady time.

Rate of CNS suppression of sublingual administratio of ketamine (20, 40, 80 mg/kg)
As shown in Tables 1 & 4, Onset time of effect @ase with increasing dose of ketamine. In doséahg/kg this
time decrease to 1':24" that in comparison witlakehe 20 mg/kg was considered significaR<0.001)

Also peak score of CNS suppression increased dgsendently so that in dose 80 mg/kg, in 50% of aatdgesia
was sow (Scoreb5). Onset time of peak score decatedsse dependently so that in dose of 80 mg/kg tiivie
reached to 2.59).5 minute with almost in comparison, is half ofra@/kg.

Table 1: Effect of ketamine (20, 40, 80 mg/kg as a@radministration)

Onset time and duration of CNS suppression (sinsetdtime of effect to the time of getting normagdje showed. Results are expressed as

The highest rate of CNS suppression (Peak Scop®réentage of cats reached to seen peak scorechnaiase, also onset time and duration of

MeansSE.
Dose Of Ketamine | Onset Time Of Duration Of
(mg/kg) Effect (min) Effect (hour)
20 2.31+0.41 0.56+ 0.04
40 1.73+0.23 1.87+0.25 *
80 1.23+0.16* | 2.41+£0.17 ***

*** n<0.001, * p<0.05 significantly different fronthe control group (Ketamine 20mg/kg).

Table 2: Effect of ketamine (20, 40, 80 mg/kg as a@radministration)

peak score were showed. Each group had at leasatf) Results are expressed as MeantSE.

Dose of Observed |Percentage Of Animals Onset Time Of Duration Of
Ketamine (mg/kg) Peak Score| Reached Peak Score Peak Score (min) Peak Score (min)
20 3 40 % 4.9+0.7 11.151.9
4 60 % 3.63:0.7 23.466.9
40 3 50 % 4.27#0.33 10.8%2.6
4 50 % 3.42+0.13 62.3314.9
80 4 40 % 2.86:0.4 86.219.8
5 60 % 2.32t0.6 114.424.8
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Rate of CNS suppression of sublingual administratio of Clonazepam (1.5, 3, 4.5 mg/kg)
As regards to tables 3 & 4 Onset time of CNS suggioe decrease with increasing dose of ClonazeBanthat in
dose 4.5 mg/kg this time is half of 1.5 mg/kg (Istvadministered dose) (P<0.001).

Also duration of CNS suppression was lasted witlidasing dose of Clonazepam so that this time a@lnea@shed
to 1:42' so in compare with control group (1.5 ngd/kthis parameter shows a significant elevationO(P5)
Clonazepam in the highest administered dose onlidawreate score 3 in cats.

Table 3: Effect of Clonazepam (1.5, 3, 4.5 mg/kg asal administration)

Onset time and duration of CNS suppression (sinsetdtime of effect to the time of getting normedje showed. Results are expressed as

MeansSE.
Dose Of Clonazepam| Onset Time Of | Duration Of
(ma/kg) Effect (min) Effect (hour)
15 10.71+0.75 1.49+0.3
3 6.4+ 0.56 *** 153+ 0.5
4.5 5.24+ 0.3 *** 1.71+05*

*** n<0.001, * p<0.05 significantly different fronthe control group (Clonazepam 1.5mg/kg)

Table 4: Effect of Clonazepam (1.5, 3, 4.5 mg/kg asal administration)

The highest rate of CNS suppression (Peak Scop®réentage of cats reached to seen peak scorechnaiase, also onset time and duration of
peak score. Results are expressed as Meant®#enever score 2 recorded we did not recognizdiamgyto Duration of Peak Score & onset

time of Peak Score

Duration Of Onset Time Of Percentage Of Animals Observed Dose Of
Peak Score Peak Score Clonazepam
. . Reached Peak Score Peak Score
(min) (min) (ma/kg)
T T 100 % 2 15
5.4+0.04 10.76:0.52 100 % 3 3
7.9+0.03 8.32+0.42 100 % 3 4.5

Rate of CNS suppression in co-administration (as slingual method) of ketamine (20, 40, 80 mg/kg) wht
Clonazepam (1.5, 3, 4.5 mg/kg)

Results of CNS suppression effects of co admiristraof ketamine 20 mg/kg + Clonazepam 1.5 mg/legakine
40 mg/kg + Clonazepam 3 mg/kg, ketamine 80 mg/kgdazolam 1.5 mg/kg has been showed in tables 5 & 6

So as saw in table 5, onset time of CNS suppressigroup ketamine 80 + Clonazepam 1.5 is fastan thther two
groups in comparison. Also duration of CNS suppoes&uration of peak score & duration of effect)mentioned
group is considered significant more long-lastingcompare with other two groups (P<0.001). Alsokpseore
accompanied by further frequency (100%) was sathighgroup in group ketamine 80 + midazolam 0.3 s@w in
further numbers of cats in comparison with otheatment groups. Besides highest duration of peafesgnore
than 6 hours) was seen in this treatment group.

Table 5: Effect of ketamine & Clonazepam co adminisation as oral administration

Onset time and duration of CNS suppression (sinsetdtime of effect to the time of getting normagdje showed. Results are expressed as
Mean+SE.TTimes more than 6 hours was not recorded.

Ketamine + Clonazepam Onset Time Of Duration Of
(mg/kg) (mg/kg) Effect(min) Effect (hour)
20 + 4.5 2.65+0.23 3.54+0.16
40 + 3 2.55£0.2 4.95+0.41

80 + 15 #441.06% 0.1%% i

*** n<0.001 significantly different from the contrgroup (Ketamine 20mg/kg + Clonazepam4.5 mg/kg).
%% p<0.001, %% p<0.01 significantly different from the group Ketme 40mg/kg + Clonazepam 3 mg/kg).

Comparison of onset time & duration of effect amongketamine and ketamine plus Clonazepam with co

administration of it & midazolam:
On the base of figures 1 & 2 Clonazepam in highesed (3, 4.5 mg/kg) shows significant effect irtites of
ketamine's induced onset time of effect. But indowoses (e.g. 1.5 mg/kg) has not such effect.
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Also augmentation of Clonazepam as mentioned dms&stamine regime can cause a significant lontgnigsn
CNS suppression effect in compare with ketaminzna.|

Table 6: Effect of ketamine (20, 40, 80 mg/kg) & @hazepam (1.5, 3, 4.5 mg/kg) co administration asal

The highest rate of CNS suppression (Peak Scopgréentage of cats reached to seen peak scorecaiase, also onset time and duration of

administration

peak score were showed. Results are expressedast$te. TTimes more than 6 hours was not recorded.

%lg’:&losrz;g]; Or';seeatkTérggrgf Percentage Of Animals | Observed Peak Ketamine + Clonazepam
(hour) (min) Reached Peak Score Score (mg/kg) (mg/kg)
0.9+0.05 4.66+0.54 30% 3 20 + 4.5
0.85:0.22 5.6%0.32 70% 4
3.2£0.6 3.7+0.77 30 % 4 40 + 3
3.85:0.47 4.4+0.48 70 % 5
T 1.8%:0.27 100 % 5 80 + 15
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Fig :1. Comparison onset time of CNS suppression treeen ketamine & Ketamine+Clonazepam
Results are expressed as Mean4SE. * p<0.05.
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Fig :2. Comparison duration of CNS suppression beteen ketamine & Ketamine+Clonazepam
Results are expressed as MeantSE. *** p<0.001.
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DISCUSSION

The results of present study show some notable:fact
1) Administration of ketamine or Clonazepam as mixeth wilk, meat, ice cream or chocolate is not aprapriate
rout of administration of these drugs in cat.
2) Oral Administration of ketamine & Clonazepamaidministrated doses absolutely causes a dose dagBn@NS
suppression.
3) CNS depression in co administration of Clonarepaith ketamine improved in compare with sporadycal
Ketamine administration.

Ketamine is a drug with high lipid solubility an@pidly leaves plasma to the CNS (brain) and vasous
properties such as sleep induction, anaesthetiglgesic and anti depressant [23]. After i.v. adstnation,
maximum within_1minute it reaches to the highest brain concewimatihere for this fact is compatible with its
rapid onset time of effect that seems to be somensks after IV administration [10, 11]. This ageah also induce
anaesthesia in I.P. route in addition to its esakrdutes of drug administration 1.V or I.M. by skvof 0.5 ml in rat
[22]. But l.v. administration of ketamine has soai®ious CNS suppression effects in cat. In thegestudy oral
ketamine administration induced CNS depressionctffavithin 2.5-3 minutes in cats. These effectsendose
dependently so that with dose of 80 mg/kg the medshed to score5 (analgesia). This drug's Rapsdtdime of
effect with oral (sublingual) administration, indies its high mucosal absorption from proximal parft Gl (e.g.
oral cavity and esophagus).

In other section of this study, orally administoatiof Clonazepam in different doses induced alraoséak & short-
lasting CNS depression effects (maximum scorest8ghest dose). This effect maybe in result ofrisschanism of
action, low & slow distribution trough CNS in adnstered doses or etc. For clarify of its exact nami$m need
further studies. But midazolam one ultra shortactnember of benzodiazepines can induce an inteffiset as
oral administration in compare with Clonazepam Isat tmnidazolam bring about score 3-4 dose deperydént!
healthy awake cat [12].

But when this drug added to ketamine regime in foaatl doses (oral administration), all of recorgedameters
improved in comparison with ketamine and Clonazepdone.So that it seems due to synergistic effects between
them in suppression of CNS.

These effects in group ketmanie80+Clonazepaml.® wensidered significant (p<0.001) in compare vather
combination protocol so that we could achieve aha&sg in this combination protocol.

It seems that improvement of CNS suppression eiifiecd-administration of Clonazepam & ketamine i do high
mucosal absorption of Clonazepam (as ketaminemahever these two drugs reached to CNS, deptllaradion
of CNS suppression effect be invigorated becausyr#rgism existence between these two drug.

With due attention to that in present study, inugrd&etamine 80 plus Clonazepam1.5 onset time anatidn of
CNS suppression was more suitable so that chieisthesia was seen in allover the animals; it sebatsthis
protocol is a appropriate non-invasive method tuge anaesthesia in cat.
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