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1. Introduction
The maintenance of corneal and normal eye function is 
necessary for the ocular health and integrity.  It depends on 
adequate supply of tear fluid covering the anterior segment 
of the ocular bulb and attached structures to it [1]. Tear play 
an important role in defense mechanism and nutrition of eye 
[2]. The cornea is under the risk in general anesthesia due 
to temporary disappearance of palpebral and corneal reflex. 
This risk conditions may cause corneal injury, dry eye disease, 
corneal abrasions and the other corneal diseases. Especially, 
alterations in tear production are the most common reason 
of the corneal injuries. Because of this, the measurement 
of the tear production during general anesthesia is very 
important for cornea health. The Schirmer tear tests (STT 
I, II) are widely used in ophthalmic examination to evaluate 
tear production as an aid to diagnose eye diseases. The filter 
paper is placed into the lower conjunctival fornix of eye, the 

amount of wetness is read after one or three minutes later. 
The specific diagnosis is made by comparing the recorded 
and normal values for the patients [3].  The STT I measures 
the basal and reflex tear production and it is most commonly 
used. The STT II measures the basal tear production after 
the topical application of an anesthetic, and, generally, it is 
used in animals with corneal ulceration [4].

Sedatives are commonly used to assist the 
ophthalmologists in routine clinical examination for to 
decrease stress factors effect and to enhance safety of both 
the patient and examiner. The knowledge of the effects of 
these drugs on the tear production is very important for 
ocular health [5]. In general, preanesthetic and anesthetic 
agents are known to decrease tear production [1,6]. 

The aim of this study was to compare the different 
effect of anesthetic combinations and their action period 
on tear production in healthy rabbits.
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2. Material and methods
Erciyes University Local Board of Ethics Committee for 
animal experiments has approved the study protocol of 
this research (EUHADYEK, decision no: 14/140). Forty 
healthy New Zealand female rabbits (Mean weight 2.34 
± 0.67 kg), four months old, were used as materials. 
Each of rabbits was kept in a separate cage, maintained 
on a 12 h light/dark cycle, 21 ± 1 oC temperature in 
the Balıkesir University, Veterinary Faculty, Surgery 
Department, before the study. The rabbits were fed with 
normal pellet diet and given water ad libitum. The animals 
were divided into four groups; as propofol + sevoflurane 
(PS), midazolam + sevoflurane (MS), medetomidine + 
ketamine + sevoflurane (MKS) and control (C) groups, 
and each group contained 10 rabbits. Prior to anesthesia, 
the animals were transported to the examination table, 
and waited about 10 min to calm for accommodation to 
the environment conditions. The Schirmer tear test (STT 
I, Schirmer Tear Test Strip, ERC, Turkey) was placed 
into the lower conjunctival fornix of left eye of animals. 
At the end of three min, the test strip was taken, and 
the wetness values of the strips were recorded. During 
the measurements period the movement of animals and 
stripes were restricted.    
2.1. Anesthesia protocol
In PS group; 7 mg/kg propofol (propofol 10 mg/mL, 
PROPOFOL ABBOTT, Abbott Laboratories, USA) was 
applied intravenously (IV) from right vena auricularis. 
In MS group 0.3 mg/kg midazolam (Demizolam, DEM, 
Turkey) and in MKS group 0.3 mg/kg medetomidine 
(Domitor, Zoetis, Turkey) were applied intramuscularly 
(IM). After 5 min, 30 mg/kg ketamine (Ketasol 10%, 
Interhas, Turkey) was applied IM in MKS group. Group C 
received no anesthetic.

For endotracheal intubation of the animals, the 
head and neck was held in atlantooccipital extension to 
displace the epiglottis to provide a straight passage for 
the endotracheal tube. The mouth was opened and local 
anesthetic 2% lidocaine HCL was sprayed into larynx. The 
neonatal intubation tube (2.5 mm diameter) was placed 
into trachea. After intubation the tube was connected to 
anesthetic machine (nonbreathing system, Magill circuit) 
and anesthesia was maintained 4% sevoflurane during 
30 min in all study groups. At the end of anesthesia the 
anesthetic machine was shut down and the system was 
washed with oxygen, then oxygen support was carried out 
for 2 min. The animals were followed until chewing reflex 
returned, then extubated. 
2.2. Tear production (TP) measurement
All animals were placed dorsoventrally on the operation 
table and fixed with hypoallergenic patch. The 
immobilization of animals was achieved by fixation, and 
the tightly fixing was avoided for the TP measurement. 

The TP was measured from left eyes before injectable 
anesthesia (0. min), during sevoflurane anesthesia at 5th, 
10th, 15th, 20th, 25th and 30th min, and post anesthesia (after 
extubation) at 10th, 20th, 30th, 60th, 120th min and 24 h after 
in the study groups. In group C, at the same time intervals 
TP were also measured.
2.3. Statistical analysis
The obtained data were statistically evaluated with IBM 
SPSS Statistics 21.0 (IBM Corp. Armonk, NY, USA) 
program. Shapiro–Wilk test was used for normality. 
One-way ANOVA was used to compare values between 
groups’, Student–Newman–Keuls test was used for 
multiple comparisons. The differences between repeated 
measurements were analyzed by repeated measure 
variance analysis and Bonferroni test. P < 0.05 was accepted 
statistical significance, and the results are presented as 
Mean ± Standart eror (SE).

3. Results
In-group measurements and statistical evaluations of 
TP are presented in Table 1. In PS group the TP values 
started to decrease at 5th min during anesthesia and 
the decrease continued up to post anesthetic 10th min. 
Statistical differences were recorded between 10th, 15th 20th 
min and 25th, 30th min during anesthesia, and between 
post anesthetic 10th, 20th min and 25th, 30th min during 
anesthesia (p < 0.05).  In MS group TP started to decrease 
at 5th min during anesthesia and continued up to 25th 
min. The measured value at 15th min during anesthesia 
was statically different from the other time periods in 
anesthesia time intervals (p < 0.05). In MKS group, the 
statistical differences were recorded between 15th, 20th, 30th 
and 10th, 25th min during anesthesia (p < 0.05).    

Between groups evaluation (Table 1) all study group’s 
values were statistically different than obtained values 
from group C at 10th, 15th min during anesthesia (p < 
0.05). The recorded values in PS and MS were statistically 
different than MKS and C groups at 20th min during 
anesthesia. On the other hand, the measured values of TP 
in MS and MKS at 25th, 30th min were statistically different 
(p < 0.05) than PS and C groups. In post anesthetic time 
intervals, the lowest TP values were detected in PS group. 
The measured values of PS group at 10th, 20th and 30th min 
were statistically different than other groups.  

4. Discussion
In recent years rabbits have widely been used in 
ophthalmic researches, and their popularity increased as 
pet animals [7]. The important reason of the using rabbits 
in ophthalmologic research is they have different anatomic 
eye structures compared to other pets and give different 
clinical symptoms to the ophthalmic diseases [8]. Despite 
some researchers [9,10] have been focused on the report of 
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Table 1. Tear production levels of groups during and postanesthetic times (Mean ± SE).

Groups 0th min DA 5th min DA 10th min DA 15th min DA 20th min DA 25th min DA 30th min PA 10th min PA 20th min PA 30th min PA 60th min PA 120th min PA 24.h

PS 11.40 ± 2.50ab,A 9.30 ± 2.35ab,A 6.90 ± 2.13b, A 5.20 ± 1.87b,A 5.40 ± 1.95b, A 3.90 ± 1.72a, A 3.0 ± 1.63a, A 6.80 ± 2.14b, A 7.40 ± 3.13b, A 7.80 ± 2.52b, A 9.30 ± 2.21ab,A 11.30 ± 2.62ab,A 11.60 ± 2.91ab,A

MS 10.70 ± 1.88ab,A 7.50 ± 1.58b,A 6.50 ± 1.35b, A 5.60 ± 2.67a, A 6.70 ± 3.02b, A 8.10 ± 3.31b, B 8.00 ± 2.82b, B 11.20 ± 2.29ab,B 11.40 ± 3.20ab,B 11.50 ± 2.54ab,B 11.30 ± 3.77ab,A 13.50 ± 2.17ab,A 12.50 ± 2.01ab,A

MKS 9.80 ± 2.39ab,A 8.30 ± 5.07ab,A 6.60 ± 2.54b,A 5.80 ± 2.48a, A 5.30 ± 2.05a, AB 6.70 ± 3.09b, B 5.80 ± 1.68a,AB 10.7 ± 3.86ab,B 9.30 ± 4.62ab,B 11.00 ± 4.49ab,B 11.60 ± 3.02ab,A 12.30 ± 2.45ab,A 11.80 ± 3.42ab,A

C 11.50 ± 2.17A 11.00 ± 2.86A 12.10 ± 2.76B 12.30 ± 2.90B 10.70 ± 2.21AB 11.20 ± 1.87C 11.80 ± 2.20C 11.60 ± 2.11B 11.20 ± 2.61B 11.00 ± 2.94B 11.20 ± 1.87A 11.70 ± 1.63A 11.70 ± 2.00A

DA: during anesthesia, PS: Propofol±Sevoflurane, MS: Midazolam± Sevoflurane, MKS: Medetomidine ± Ketamine ± Sevoflurane, C; control, PA: Post anesthesia, a,b in same line and 
A,B,C in same column are statistically significant during and post anesthetic time points (p < 0.05).
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lacrimal parameters in different species (cats, dogs, equine) 
under anesthesia, the most suitable anesthetic procedure 
has not been found yet. Therefore, in the present study, 
we aimed to investigate the effects of different anesthetic 
combinations on TP in healthy rabbits. Tear secretion is 
controlled by the lacrimal function units which are cornea, 
conjunctiva, accessory lacrimal glands, meibomian glands, 
and the nervous system (Sensory afferents and autonomic 
efferent nerves) [11]. The sedatives and anesthetic agents 
are commonly used to calm the animals for eye examination 
and they are known to reduce the TP. Alweiller et al. [12] 

emphasized that rabbits tolerate the propofol despite high 
dose requirement compared to other domestics. On the 
other hand, propofol can produce respiratory arrest in 
surgical anesthesia, so maintaining of anesthesia should 
be carried on volatile agents. In the present study we 
maintained anesthesia with 4% sevoflurane in all study 
groups and no complication were detected in PS group. 
This condition supported the literature review. 

Costa et al. [4] reported that TP decreases during 
general anesthesia, however in their study, they found 
no statistically significant changes following propofol 
administration in dogs with STT I measurement values. 
Some researchers [13,14] measured TP using STT I in 
rabbits, and they emphasized that STT I test values can show 
differences in normal rabbits. Koç et al. [15] determined 
that the mean value for STT I in clinically normal rabbits 
was 8.1 ± 3.4 mm/min. The mean values for STT I in New 
Zealand Angora and Mixed breed rabbits were of 7.9 ± 
3.6, 7.2 ± 2.9 and 9.1 ± 3.3 mm/min, respectively.  In our 
study, New Zealand female rabbits were used as material 
and the measured baseline values (0th min) of groups were 
11.40 ± 2.50 mm/min in PS group, 10.70 ± 1.88 mm/min 
in MS group, 9.80 ± 2.39 mm/min in MKS group, and 
11.50 ± 2.17 mm/min in C group. Nevertheless, there 
were no statistical differences detected in TP values before 
anesthesia in all groups. Many researchers [16,17] stated 
that the age, sex, and weight could affect the TP values in 
animals. In our study, we connected the differences of 0th 
min (before anesthesia) values in all groups to the animals’ 
weight and age. 

Propofol is an anesthetic agent and causes moderate 
degree muscle relaxation. Inhalation anesthetics decrease 
intraocular pressure dose dependently by suppressing 
diencephalon, which may reduce the production of humor 
aqueous, raise the outflow of humor aqueous, or relax the 
extraocular muscle. These effects of sevoflurane are more 
potent than other inhalation anesthetics due its low blood 
and tissue solubility [1,18]. In the present study we detected 
significant decreases in TP values in PS group during 
anesthesia and post anesthetic time intervals. When values 
obtained from groups compared; the lowest values were 
recorded during anesthesia (25th, 30th min) in PS group. 
These decreases showed that the relaxing effect of propofol 
on eye muscles is not moderate.  Besides, we thought 

that the relaxing effect of PS anesthetic combination on 
eye muscle is more powerful than MS, MKS anesthetic 
combinations. 

Benzodiazepines such as midazolam are widely 
used with ketamine in laboratory animals’ anesthesia. 
It decreases systemic arterial blood pressure, cerebral 
blood flow, cerebral pressure and intraocular pressure 
[6]. In general, benzodiazepines cause relaxation on 
the extraocular muscles and increase outflow of humor 
aqueous [19]. Alkan et al.  [20] investigated the effects 
of preanesthetic agents on baseline TP value in rabbits. 
They found that the TP value returned to baseline after 
30 min in midazolam group. Erol et al. [7] investigated 
the systemic effect of midazolam, ketamine and isoflurane 
anesthetic agents on intraocular pressure and TP in rabbits. 
They found reduction in TP values, and reported that 
the reduction continued 30 min during anesthesia. They 
explained this reduction as the central depressive effects 
of anesthetic agents on the central nervous system. In the 
current study; the measured TP values of MS group were 
lower than 0th min. The significant decreases were recorded 
during anesthesia. The TP values of MS group returned to 
baseline at 10th min in postanesthesic time interval. The 
results of the present study supported the prior studies 
[6,20] about depressive effect of midazolam on the central 
nervous system and showed that midazolam+sevoflurane 
anesthetic combination effect on central nervous system 
could be longer on TP. 

In veterinary anesthesia; ketamine hydrochloride 
and α-2 adrenoceptor agonists such as xylazine and 
medetomidine are commonly used especially in rodents. 
Ketamine induces an increase in cerebral blood flow, 
intracranial pressure, and intraocular pressure as a result 
of cerebral vasodilatation [19,21]. Medetomidine is a 
mixture of 2 optical enantiomers: dexmedetomidine 
and levomedetomidine. Levomedetomidine reduces 
the sedative and analgesic effect of dexmedetomidine 
and increases bradycardia. Many studies showed that 
medetomidine, xylazine and butorphanol and combination 
of these, reduce TP in animals [22,23,24]. Kanda et 
al. [24] investigated the effects of medetomidine and 
xylazine on TP in cats and they measured TP via STT I 
test. They reported that medetomidine and xylazine led 
to significant decrease STT I values in cats.  Leonardi et 
al. [25] investigated the effects of dexmedetomidine and 
butorphanol on TP in dogs and they also found decrease 
in TP values. They emphasized that postsynaptic activation 
of α-2 adrenoceptor in central nervous system due to 
dexmedetomidine and changes in sympathetic activity 
due to butorphanol may have caused the decrease in the 
basal TP. In addition, they explained the reason of the 
decrease of STT I test values by the diminished nociceptive 
transmission of tear reflexes.  In our study, TP values of 
MKS group decreased during anesthesia. We think that 
the decrease in TP values of MKS group could have taken 
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place due to the central effects of these drugs on autonomic 
regulation of TP. 

The new surgical techniques on eye surgery can 
require long general anesthesia periods. Extending of 
general anesthesia duration bring along risk factors such 
as perioperative dry eye syndrome (PDES). PDES is the 
most common ophthalmologic complication of the general 
anesthesia [26]. The suppression of the parasympathetic 
innervation of the eye lacrimal glands in general anesthesia 
result in decrease of TP [27]. In the current study, we used 
healthy animals as material and detected reduction in TP 
in all study groups. These findings showed that anesthetic 
agents and duration of anesthesia are crucial for TP and 
ocular health. 

As a result of this study, PS anesthetic combination 
decreased the TP more than MS and MKS anesthetic 
combination during anesthesia. Although the present study 
put forward shows these results in rabbits, PS, MS, and 
MKS anesthetic combinations may show different effects 
on TP in different species. Therefore, we concluded that 
different studies using different animal materials should be 
carried out not only on the TP, but also on biochemistry of 
TP to prevent PDES.
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