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ABSTRACT
Introduction: The present study investigated the occurrences of cystic ovarian diseases (COD) and abnormal ovarian cyclicity
(AOC) in cows with delayed postpartum period and heifers with delayed age at first calving.
Materials and Methods: A total of 102 cattle which comprised of open cows >90 days postpartum, and heifers with delayed
age (>24 months) at first calving were enrolled in the study. Animals were divided into four groups according to their breeds
[24 Friesian Sahiwal (FRS), 31 Bradford (BRF), 15 Brangus (BR) and 32 Kedah Kelantan (KK)]. Blood plasma samples for
progesterone (P4) analysis using radioimmunoassay (RIA) were obtained twice weekly for about three months. Concurrently,
the ovarian activity was also monitored for the development of dominant follicles, corpora lutea as well as any cystic ovarian
condition, using a B-mode ultrasound scanner.
Results: The highest incidence of AOC associated with either COD or inactive ovaries occurred in Brangus (BR; 53.3%), and the
lowest incidence was observed in Kedah Kelantan (KK) cows (12.5%). The difference in AOC was significant (p<0.05) between
KK and the other three breeds. In cows, the incidence of COD was highest in FRS (30%), followed by BRF (13.3%), BR (14.3%),
and KK (8.7%). Overall, the incidence of COD was higher in beef heifers than in cows. Prolonged luteal phase due to luteal cysts
was the predominant type of AOC in the case of FRS (66.7%) while cessation of cyclicity due to follicular cysts was the primary
abnormality observed in BR (75%), and BRF (76.9%).
Conclusion: This study showed that AOC and COD were the major causes of reproductive failure in both dairy and beef cattle
such that the KK cows were the least affected. Moreover, differentiation among the various types of COD was possible by the
combined use of P4 data and ultrasonograms.
Keywords: Cattle; Ovarian cyst; Progesterone profile; Ultrasonography.
Abbreviations

AOC: Abnormal Ovarian Cyclicity; COD: Cystic Ovarian Diseases; FRS: Friesian Sahiwal; BRF: Bradford; BR: Brangus; KK:
Kedah Kelantan; CI: Calving Interval; BCS: Body Condition Score; PLP: Prolonged Luteal Phases; SLP: Short Luteal Phases;
PKC: Palm Kernel Cake; RIA: Radioimmunoassay.
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Animals and Management

INTRODUCTION

B

eef and dairy cattle contribute significantly to the economy of
a country. The failure of the cows to sustain one-year calving
interval (CI), and the failure to become pregnant in heifers account
for a high percentage of reduced reproductive efficiency. The CI
in cows is influenced by a time lag between calving and the resumption of ovarian activity in the postpartum period.1 A delayed
resumption of postpartum ovarian activity in cows is the major
limiting factor that prolongs the CI. Although, several studies have
indicated abnormal ovarian cyclicity (AOC) and associated ovarian
disturbances in cows during the early and pre-service postpartum
periods,2 the available data associated with the ovarian activity, and
ovarian disorders in cows with delayed conception beyond 90 days
postpartum, as well as heifers with delayed age at first calving (>24
months), is limited. Unlike the dairy cows, there is a dearth of available data related to the occurrence of AOCs in beef cattle even
during the early postpartum period.
Apart from AOC, ovarian disorders such as follicular and
luteal cysts (cystic ovarian diseases (COD)) in dairy cows during
early and pre-service postpartum period have been incriminated as
causes of reproductive failure and economic loss. Results of several studies have indicated a higher frequency of occurrence of ovarian cysts in early postpartum cows that varied from 6 to 30%3 with
peak incidences between 14 and 40 days postpartum.4-6 Despite
such reports on dairy cows, insufficient data is available to validate the occurrence of COD in both dairy and beef cows beyond
90 days postpartum, and heifers with delayed age at first calving.
In fact, little is known about COD in beef cows even during the
early postpartum period except with a general understanding that
COD is a problem that occasionally occurs in beef cows.7 It was,
therefore, imperative to investigate the magnitude of occurrence of
COD in beef cattle.
Despite an understanding of the incidence and significant effect of AOC and ovarian disorders during the pre-service
postpartum period on reproductive performance, there is little
evidence to claim that the same problems are the main reasons
contributing towards reproductive failure in dairy and beef cows
with prolonged postpartum period (>90 days), and heifers with
delayed age at first calving. Therefore, the objectives of the present study were to investigate the occurrence of abnormal ovarian
cyclicity and associated ovarian disorders such as COD in dairy
and beef cattle with reduced reproductive performance based on
ultrasonography and P4 profiles.
MATERIALS AND METHODS

The study was carried out at the Universiti Putra Malaysia Beef
and Dairy Farms located at the Universiti’s Agricultural Park in
Selangor, Malaysia. The average daily temperature of the area is 28
ºC with relative humidity between 70% and 90% annually. Several
breeds of bulls (Friesian Sahiwal for dairy cows; Brangus, Brahman, Simmental and local Kedah Kelantan breeds for the beef
cows) were used for natural breeding. The bulls were examined
for vibriosis and brucellosis and were found to be free from those
diseases.
2

A total of 102 non-pregnant cows and heifers identified in the dairy
and beef herds, were divided into 4 groups according to their breeds
[24 Friesian Sahiwal (FRS), 31 Bradford (BRF), 15 Brangus (BR),
and 32 Kedah Kelantan (KK)]. Animals were identified based on
their records of poor reproductive performance in each herd: delayed age at first calving in heifers with a mean age of 34.6 months
(range from 25 to 60 months), and prolonged postpartum open
days of more than 90 in cows, with a mean of 11.5 months (range
from 3.5 to 60 months), as calculated for the whole group. Before
the study commenced, all the identified animals were checked for
non-pregnancy status and a clinical diagnosis of health problems
were undertaken using palpation per rectum and ultrasonography.
Dairy Group

Of the 24 FRS cows and heifers identified as poor reproductive
performers, 20 were cows and 4 were heifers. The average postpartum period of the cows and the delayed first calving age of the
heifers were 8.1 months and 34 months, respectively. According
to the study of 1 to 5 score by,8 the average body condition score
(BCS) for both cows and heifers was 3.4. Seven cows were nonlactating dry cows while 13 were milking cows with calves weaned
from the day of calving. The calving rate was 56.6%.
A local commercial feed, dairy cattle pellet, DCP (Federal
Flour Mill Sdn., Berhad, Malaysia), which contained 16% crude
protein, 15% crude fiber, 13% moisture, 0.5% phosphorus and
0.8-1.5% calcium were fed to each animal in an amount of 5 kg per
day, irrespective of the individual cow production status. The cows
were allowed to graze in the pasture during the day and housed in
roofed stalls in the evening. Water was provided ad libitum. Cows
were allowed to run free with the bulls and a bull was used for
breeding at a 1: 30 bull-cow ratio.
Beef Group

From the total of 78 beef cattle identified with reproductive problems, 31 were BRF (15 cows and 16 heifers), 15 BR (7 cows and 8
heifers) and 32 KK (23 cows and 9 heifers). The postpartum period
of BRF cows ranged from 5 to 28 months (mean=13.4 months),
BR cows ranged from 9 to 28 months (mean=19.7 months), and
KK cows ranged from 3 to 29 months (mean=4.8 months). The
average age of the BRF, BR, and KK heifers was 34.6 months
(range from 25 to 60 months), 37.95 months (range from 25 to
60 months), and 31.9 months (25 to 36 months), respectively. The
mean BCS for BRF, BR and KK were 3.5, 3.6, and 3.5, respectively
based on the 1 to 5 grading scale.9 Unlike the dairy calves which
were weaned at the day of calving, the beef calves were allowed to
suckle until the age of 7 months. All the KK cows and only 7 of the
BRF, and 3 of BR cows in the beef group were with suckling calves
while the rest were non-suckling dry cows.
Calving rates for animals in each breed group were:
33.3% (BRF), 43.5% (BR), and 92.4% (KK). The animals in this
group were allowed to graze in pastures with palm kernel cake
(PKC) supplement of 1-1.5 kg per day per animal. The PKC con-
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tains 14% maximum protein, 20% minimum -?, 11.7% moisture,
12% dirt and impurities, and 7% oil. Water was provided ad libitum.
Cows were allowed to run free with the bulls and a bull was used
at a 1: 30 bull-cow ratio. According to their medical record, all the
bulls were diagnosed to be negative for reproductive diseases such
as vibriosis and brucellosis, and with no history trichomoniasis.
Blood Sampling, Progesterone Assay and Ovarian
Ultrasonography

Blood samples for progesterone (P4) analysis were obtained in
heparin coated 10 mL sterile vacutainer tubes via a jugular vein
puncture twice weekly for about three months (December 2009 to
March 2010). Immediately after the sampling tubes were placed in
an ice box and transported to the laboratory for processing, these
tubes were centrifuged at 2500 rpm for 15 minutes at 4 oC and
the separated plasma was transferred to sterile tubes, and stored at
-30 oC pending the analysis. Besides blood sampling, the ovarian
activity was also monitored for the development of dominant follicles, corpora lutea as well as any cystic ovarian condition, using
a B-mode, real-time portable ultrasound scanner equipped with a
5 MHz linear array transducer (SSD 555, Aloka, Japan). Ovarian
cysts were detected when there were single or multiple follicles on
one or both ovaries with diameter >17 mm that persisted for more
than 10 days in the absence of corpus luteum (CL). Further differentiation between various types of ovarian abnormalities such as
follicular cysts, luteal cysts, and ovarian inactivity was made based
on the plasma P4 profile combined with ultrasonographic findings
as described by Mueller.10
Plasma P4 concentrations were measured using a commercial solid-phase radioimmunoassay (RIA) kit (Coat-A-Count;
Siemens Medical Solutions Diagnostics, Los Angeles, USA) following the procedure as prescribed by the manufacturer. The observed sensitivity of the kit was 0.02 ng/mL. The intra- and interassay coefficients of variations were 5.52 and 8.21, respectively.
Definition of Ovarian Cycle

A plasma P4 level of 1ng/mL was taken as the threshold value to
indicate luteal activity.11 Cows and heifers were classified into the
following different groups, based on the characteristics of their P4
profiles, as described previously:12-14
1. Normal cycle: Regular cycle throughout the study period and/

or those with initial regular cyclicity followed by a high P4 level (>1
ng/mL) being maintained due to pregnancy.
2. Abnormal cycle: Ovarian cycle deviated from the normal cycle
which was sub-divided into the following clinical situations:
a. Prolonged luteal phase (PLP): One or more ovarian cycles with
luteal activity for more than 20 days.
b. Short luteal phase (SLP): One or more luteal phase not exceeding
10 days.
c. Cessation of ovarian cycle: Weak or no luteal activity such that
all the P4 levels were below 1 ng/mL for at least 14 days during the
study period.
Data Analysis

The occurrence of the total and specific types of AOC for the
whole group, and each breed of animals were expressed as a percentage of the total number of animals in the whole group and
in each breed, respectively. Since the data recorded was categorical, non-parametric statistical test for more than two independent
samples (Kruskal-Wallis test using SPSS V-16.0) was used to test
for the presence of significant differences among the beef breeds
as well as between the dairy and beef groups. When a statistically
significant difference was obtained (p<0.05), a separate comparison between any two groups was made using the Mann-Whitney
test. The same test was also applied to compare the differences
between cows and heifers in the beef group as well as between the
beef and dairy cows. The different types of abnormal progesterone
profiles observed or AOC, and ultrasonographic observations of
ovarian disorders such as ovarian cysts in each breed were represented in percentages.
RESULTS
Abnormal Ovarian Cycles Detected based on Plasma
Progesterone Profiles

The frequency of the total and different forms of AOCs in each
breed has been shown in Table 1. Out of the total 102 animals (65
cows and 37 heifers), 33.3% showed AOC. The predominant type
of AOC being cessation of cyclicity (18.6%) followed by prolonged
luteal phases (PLP) and short luteal phases (SLP), which were reported as 9.8% and 4.9%, respectively (Table 1). The remaining

Table 1. Frequency of Abnormal Ovarian Cyclicity and its Type in Dairy (FRS) and Beef (BRF, BR, KK) Cattle Breeds based on P4 Profiles
Types of AOC (%)

Breed

No. of animals

No. of animals with AOC
(%)

PLP

SLP

FRS

24

9 (37.5)a

6 (25)c

1(4.2)d

2 (8.3)e

BRF

31

13 (41.9)

1 (3.2)

2 (6.5)

10 (32.3)e

BR

15

8 (53.3)a

1 (6.7)c

1 (6.7)d

6 (40)e

KK

32

4 (12.5)

2 (6.3)

c

1 (3.1)

1 (3.1)e

Total

102

34 (33.3)

10 (9.8)

5 (4.9)

a

ab

c

Cessation
d

d

19 (18.6)

Note: Values with different superscripts corresponding to each breed along the column indicate significant difference (p<0.05).
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38.2% and 28.4% account for animals with initial regular ovarian
cycle followed by pregnancy, and animals with regular cycle but
which remained open untill the end of the study respectively (Table 2). When each breed was considered, 37.5% of FRS, 41.9% of
BRF, and 53.3% of BR reported AOC (Table 1). The lowest percentage of AOC was observed in the local KK breed (12.5%) and a
majority of them were pregnant in the meantime during the study.

(3.2%), BR (6.7%) and KK (6.3%) beef cattle (Table 1). From the
total number of beef cows and heifers (BRF+BR+KK), 32.1%
(25/78) showed AOC (Table 2). When beef heifers and cows were
separately considered, 36.4% (12/33) heifers and 28.9% (13/45)
cows showed abnormal ovarian cycles (Table 3). The predominant
type of AOC was the cessation of cyclicity (30.3% in heifers and
15.6% in cows), respectively.

There were statistically significant differences (p<0.05)
in the incidence of AOC when the three breeds were separately
compared with the KK breed. However, there was no significant
difference (p>0.05) among the three breeds (FRS, BRF, BR) when
comparisons were made with each other. Nevertheless, as shown
in Table 1, a predominantly higher percentage of cessation of
ovarian cycles were found in both BRF (32.3%) and BR (40%)
breeds, which altogether accounted for the total 21.8% of AOC
found in the beef cows and heifers (Table 2) compared with dairy
FRS breeds (8.3%). On the other hand, PLP (25%) was the predominant type of AOC found in FRS breeds compared with BRF

Ovarian Cysts Associated with Abnormal Ovarian
Cyclicity

The occurrence of COD which comprises follicular and luteal
cysts found in each breed has been shown in Table 4. The highest
incidence of COD (30%) was FRS, which was mainly due to luteal
cysts that resulted in a prolonged luteal phase of the estrous cycle
(Tables 4 and 5). This was followed by 14.3% and 13.3% of COD
in the beef cows of BR and BRF, respectively while KK cows
showed the lowest incidence (8.7%). On the other hand, a higher
incidence of COD in the beef heifers of BRF (31.3%) and BR

Table 2. Frequency of Normal and the Different Forms of AOC in Dairy Cattle Compared with Beef Cattle Based on P4 Profiles
Group

No. of
animals

No. of animals with
normal cycles but not
pregnant (%)

No. of animals with
normal cycles followed
by pregnancy (%)

No. of animals
with abnormal
cycles (%)

Dairy

24

8 (33.3)

7 (29.2)

b

9 (37.5)

c

6 (25)

Beef

78

21 (26.9)a

32 (41)

b

25 (32.1)

4 (5.1)

Total

102

29 (28.4)

39 (38.2)

a

Distribution of types of AOC per group (%)
PLP

Cessation

1 (4.2) e

2 (8.3)f

d

4 (5.1)

e

17 (21.8)f

10 (9.8)

5 (4.9)

19 (18.6)

c

34 (33.3)

SLP
d

Note: Values with different superscripts along the column show significant difference (p<0.05).

Table 3. Frequency of the different Forms of AOC Encountered in Beef Cows and Heifers
Beef
Group

No. of
animals

No. of animals with
AOC (%)

Cows

45

Heifers

33

Distribution of types of AOC per group (%)
PLP

SLP

13 (28.9)

a

3 (6.7)

12 (36.4)

a

1 (3)

3 (6.7)

b

1 (3)

b

Cessation
7 (15.6)d

c

10 (30.3)d

c

Note: Values with different superscripts along the column show significant difference (p<0.05).

Table 4. Occurrence of COD among Cows and Heifers in each Breed
Incidence of COD (%)
Breed

No. of animals (cows + heifers)

Cows

FRS

24 (20+4)

30

Heifers
0

BRF

31 (15+16)

13.3

31.3

BR

15 (7+8)

14.3

25

KK

32 (23+9)

8.7

0

Table 5. Frequency Distribution of Ovarian Disorder Types Diagnosed by Ultrasonography Together with AOC Types Identified Based on P4 Profile
Types of ovarian disorder

4

Types of AOC

Frequency

Follicular cyst

Luteal cyst

Inactive ovary

Failure to sustain CL

Cessation

19

PLP

10

11

-

8

-

-

10

-

SLP

-

5

-

-

-

5

Total

34

11

10

8

5
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Figure 1. Ovary With Luteal Cyst from a Friesian Sahiwal Cow Characterised by Thick
Wall (Black Double Arrows) With Septa of Tissues in The Cavity. The Big Arrows Indicate the Demarcation of the Wall of the Cyst from the Ovarian Stroma. Both Pictures
Represent the Same Ovary but Scanned at Different Times. The Mean Diameters of the
Cysts were 30 mm

(25%) was observed compared with the cows of the same breeds as
well as the heifers of the FRS and KK breeds (Table 4).
The frequency distribution of the various forms of ovarian abnormalities encountered in each breed was examined using
ultrasonography in relation to the types of AOCs based on P4
profiles as has been represented in Table 5. Of the total number
of animals (34) with ovarian disorder, 32.4% (11/34) and 29.4%
(10/34) of the cases were associated with the presence of follicular
cysts and luteal cysts, respectively. The remaining 23.5% (8/34)
and 14.5% (5/34) of the cases were attributed to ovarian inactivity
and the failure of CL to mature and sustain, respectively (Table 5).
Representative ultrasound pictures of ovaries with cystic ovarian
disease (follicular cyst and luteal cyst) has been shown in Figures 1
and 2.
Among the different types of AOC observed, cessation
of ovarian cyclicity (19/34) represented the predominant type of
ovarian disturbance, which according to the ultrasound finding
was due to follicular cysts (11/19) and ovarian inactivity (8/19)
(Table 5). This was mainly encountered in both BRF and BR beef
breeds. However, PLP, which accounted for 29.4% (10/34) of the
total AOC observed was the most important problem encountered
in dairy FRS breed due to luteal cysts (Tables 1 and 5). The P4 profile that characterised SLP was associated with the failure to sustain
a CL (Table 5). Luteal cysts primarily accounted for a major type of
COD in the dairy FRS cows, while follicular cysts were observed in
the beef breeds in this study.
DISCUSSIONS

In order to achieve an optimal calving interval of 1 year in a dairy
and beef farming enterprise, the cycle of the cows should resume
early in the postpartum period and they should be able to breed
within 65 days after calving.2,14 However, this has been reportedly
affected adversely by an increased incidence of ovarian disturbances in the immediate postpartum period mainly in dairy cows1,2,15,16
and prolonged postpartum acyclicity in beef cows.17 According
to Opsomer et al2, abnormal P4 profiles were reported in 46.5%
of dairy cows studied. Of the 46.5% abnormal profiles, PLP, cessation of cyclicity and SLP accounted for 20%, 3%, and 0.5%,
Original Research | Volume 3 | Number 1|

Figure 2. Ovary with a Multi-follicular Cyst from a Brangus Cow (left) and Single Follicular
Cyst from a KK Cow (Right). The Arrows Indicate the Thin Wall of the Cyst Surrounding the
Cavity was Continued by the Ovarian Stroma. The Mean Diameter of the Single Cyst on the
Right Measured 25 mm

respectively. In the present study, in the dairy cattle alone (>90
days postpartum), occurrence of 37.5% abnormal P4 profiles was
recorded (Table 2), which was comparable with the findings of
Shrestha et al.1 However, there was a relatively higher incidence of
PLP (25% vs. 20%), and cessation of cyclicity (8.3% vs. 3%). The
high occurrence of PLP in this study was in agreement with the
findings of Petersson et al12 who reported PLP as the main type of
atypical P4 profile in Swedish dairy cows (<60 days postpartum).
In another study,16 a similar occurrence for cessation of ovarian
cycle (10.5%) was reported in dairy cows less than 60 days postpartum, but with a low incidence of PLP (0.5%). The observations
were similar in this study compared with the previous studies12,16
for PLP and cessation of ovarian cycle, respectively, reported in
the pre-service postpartum period (<60 days) which might have
indicated the existence of problems in cows having a postpartum
length of more than 90 days as a continuation of the pre-service
period.
Abnormal luteal function in lactating cows have been associated with reduced pregnancy rate, whereby cows with normal
P4 profiles showed significantly higher pregnancy rates relative to
cows with abnormal profiles (87% vs. 33%) following AI.18 Moreover, a significantly higher AI submission rate, conception rate,
and pregnancy rate between 44 and 100 days postpartum were reported in dairy cows with a normal ovarian cycle in the first 44 days
postpartum than those with prolonged luteal phases.1,15 This might
confirm the high percentage of abnormal luteal activity, mainly
PLP (25%), in dairy cows in the present study, to be a major cause
for the reduction in the fertility observed in the dairy group.
During pregnancy, bovine conceptus produces a signal
about 14 days after fertilization which results in prolongation of
the corpus luteum. However, if an embryo dies at 14 or 15 days
of gestation (early embryonic death), the cow will return to estrus
at a normal interval and the cycle remains regular.14 In the current
study, the P4 profiles of 28.4% of the total number of cows and
heifers showed regular ovarian cycles, but still remained open in
the presence of bulls (Table 2). This might indicate that these animals were suffering from early embryonic mortality which was a
major cause of reproductive failure in cows,19 apart from the bulls’
fertility status. On the other hand, if an embryo dies between days
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16 and 42 post-breeding, the luteal activity is displayed as a prolonged luteal phase based on the progesterone profile.14 According
to heat detection and mating records in the dairy group made on
opportunistic basis, prolonged luteal phases between successive
matings observed in some animals were most likely due to the late
embryonic mortality.
Comparison between dairy and beef cattle showed a
difference in the rate of incidence expressed as a percentage and
types of AOC, though not significant (Table 2). Compared with
beef cattle, dairy cattle in this study showed a higher percentage of
AOC (37.5% vs. 32.1%). The predominant type of AOC observed
in dairy cows was PLP (25%), while cessation of cyclicity was predominantly found in beef cattle (21.8%). The differences may have
been due to the effect of suckling or cow-calf interaction which
was known to cause delayed resumption of ovarian activity and an
estrus period in beef cows compared to dairy cows.17 Moreover,
nutritional and genetic differences may have also contributed to
the variation in incidence and types of AOC between the dairy
and beef cattle. When beef heifers and cows were separately considered, beef heifers presented a comparable incidence of AOC
with beef cows (36.4% vs. 28.9%) as has been shown in Table 3.
The predominant type of AOC was marked by cessation of cyclicity (30.3% in heifers and 15.6% in cows). Beef heifers have been
reported to have lower fertilization rates and reproductive failure
equally attributable to both fertilization failure and early embryonic
loss prior to day 8 of the gestation period like in beef cows.
The local KK cattle in this study showed a statistically
significant difference from the other three breeds, in the incidence
of AOC and its types; with a low occurrence of AOC and a majority of they were observed to be pregnant by the end of the study
(Table 1). This may not be surprising as these cows were identified from a herd with a record of high calving rates (92%), compared with the other breeds: dairy FRS (56.6%), BRF (33.3%), and
BR (43.5%). This might generally indicate that genetic differences
between breeds in the incidence and types of AOC can result in
differences in fertility parameters such as conception rate.20 In addition, adaptation differences to the hot and humid tropical environment may account for the large difference between the local
KK and the other three breeds. Under the hot and humid conditions, despite high rainfall that produces more forage, high humidity, and temperature, could cause stress and affect their reproductive functions by modifying the endocrine balance and altering the
oviductal uterine environment that delays or interrupts embryo
development.20 According to,21 dairy cows with COD have been
reported to have increased heat shock protein (Hsp27) expressions theca cells in relation to tertiary follicles of normal cycling
cows, indicating the possible link between COD occurrence and
heat stress in cattle. Zebu cows (Bos indicus) and their crossbreeds
show lower levels of milk production and better adaptation to the
adverse tropical environment, and hence show lesser effects on the
postpartum body condition but a higher reproductive efficiency
than the predominantly Bos taurus cows.20
Variable incidence rates of ovarian cysts that ranged from
6% to 30% in postpartum dairy cows mainly during the pre-service
6

period in temperate regions have been reported.3 In the present
study, an incidence of 30% COD in dairy FRS cows more than
90 days postpartum has been recorded which was on the upper
side of the range of 6 to 30% reported earlier in other areas.3 The
reported data was also higher than the data reported in the tropics (4%).22 According to Mujuni et al22 in their longitudinal study
until 150 days postpartum, have reported a higher incidence of
COD during the 60 to 90 days postpartum unlike other studies6,23
that have indicated a higher occurrence between 30 and 60 days
postpartum. Although sufficient data was not available before 90
days postpartum in the cows in the present study, it was apparent that the observed incidence of COD was much higher than
the earlier reports in cows before 90 days postpartum. The high
incidence of COD observed in this study may have been because
the cows were identified from a herd with fertility problems as well
as due to the hot humid tropical environment and poor management. A higher risk of developing ovarian cysts were reported in
cows which were calving during the warm season due to heat stress
than those calving in the cool season, in the previous studies.6,24 In
contrast to earlier studies that reported follicular cysts as a more
common problem than luteal cysts in dairy cows,7,25 a majority of
the total 30% ovarian cysts encountered in the present study were
luteal cysts (Table 3). This may have been due to the difference in
the phase of the postpartum period of the cows studied (i.e., more
than 90 days), which had probably given enough time for follicular
cysts to luteinize and form luteal cysts.
Despite ample information being available on the incidence of ovarian cysts in dairy cows, there is a lack of adequate data
supporting this observation in beef cows and heifers. It has been
generally stated that COD is a common problem in dairy cows
but occasionally detected in beef heifers and cows.7 However, the
current study showed that COD is also an important problem in
beef cows as well as heifers. An incidence of 13.3% and 14.3% of
COD in the beef cows of BRF and BR breeds, respectively were
recorded while KK cows showed the lowest incidence (8.7%). In
addition, a higher incidence of COD was observed in the BRF beef
heifers (31.3%), which was mainly due to follicular cysts and BR
heifers (25%) compared with cows of the same breeds as well as
the FRS and KK heifer breeds. All the incidence rates for COD
encountered in beef heifers and cows in this study were within the
range of COD incidence (6% to 30%) which was reported previously in dairy cows except for BRF heifers in which the reported
cases was slightly higher (31.3%). Although, it is not possible to
compare other beef cattle elsewhere due to the inadequate information being available for studies in beef cattle, a comparison of
the reports in dairy cows showed that COD was also a serious
problem that warranted more research and attention in beef cattle,
unlike the reports presented by Kesler et al7 in which COD was
considered as an occasional problem. The reason s underlying the
difference between the incidence of COD in dairy cows, beef cows,
and heifers is not clear. However, genetics may have played a role
for the observed difference among the breeds. A direct relationship between genetics and COD has been indicated by a reduced
clinical incidence of ovarian cysts from 10.8 to 3.0% in Sweden as
a result of genetic selection.7 Moreover, a difference in adaptation
to the hot humid tropical weather may also have contributed to
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the variation especially favouring the local KK cows that showed
the lowest incidence. An impaired final follicular maturation and
steroidogenesis under heat stress has been reported26 that can lead
to ovarian cyst formation. Recent studies have explained possible
involvement of altered mRNA expression and activities of the Matrix Metalloproteinases and their Inhibitors,27 as well as impaired
insulin signaling pathway in ovarian follicles in bovine COD development.28 Increased milk yield in dairy cows has also been suggested to increase the risk of developing ovarian cysts26 which could
be another possible factor for its higher clinical incidence in dairy
cows.
Postpartum cows have been reported in previous studies
with peak incidences between 14 and 40 days postpartum.24 Other
studies have also reported that up to 70% of the ovarian cysts occur between days 16 and 50 after calving, with the highest occurrence between days 30 and 40 after calving.4,5 The periods before
day 16 and after day 50 post-calving shows the lowest incidence of
COD.23 The current data showed that COD was not only a problem in the early postpartum period of dairy cows but also in the
dairy and beef cows delayed for more than 90 days postpartum as
well as in beef heifers due to delayed age at first calving. This indicated that COD existed as a serious cause of reproductive failure
and economic loss by prolonging the calving interval in cows as
well as the age at first calving in heifers. A delay in mean calving to
conception by 19-73 days with nearly two more services required
per conception29,30 as well as a prolonged calving interval by 40 to
50 days in COD animals compared with unaffected herd mates
may have been reported in the earlier studies.10,31,32 The chance of
spontaneous recovery for cysts that develop in early postpartum is
more than 50% while for cysts after 50 days postpartum, the recovery without treatment is reduced to 20% and waiting for spontaneous recovery during the breeding period extends further the
calving interval.26 Similarly for the COD that is detected in cows
in this study, as they are beyond 90 days postpartum with fewer
chances of spontaneous recovery, treatment of the disorder should
be considered to shorten the CI and minimize economic losses.
Follicular cysts are characterised by low plasma P4 concentrations (<1 ng/mL) unlike the luteal cysts which are accompanied by high P4 levels.31 Thus, the use of P4 profile helps to identify
the two types of ovarian cysts. More accurate differentiation and
the distinction between the two cysts is achieved by using transrectal ultrasonography. The use of ultrasound was a necessity to
differentiate between follicular cysts and ovarian inactivity, where
there is a low P4 level in both cases that was otherwise difficult to
differentiate by using P4 analysis only. Therefore, the combined use
of P4 analysis and ultrasonography is useful to accurately differentiate the different types of ovarian abnormalities such as follicular
cyst, luteal cyst, and ovarian inactivity. The ovarian inactivity was
characterised by the presence of little (<5 mm diameter follicles)
or no follicular development while the follicular cyst was characterised by the presence of a fluid filled thin walled cavity when examined with ultrasonography. Follicular cysts in this study appeared
both as single and polycystic forms with diameters less than 25
mm, which was against the traditional definition of follicular cysts
that sets minimum diameter of 25 mm7 but in agreement with later
reports.10,32
Original Research | Volume 3 | Number 1|

CONCLUSIONS

The present study demonstrated a high incidence of AOC and
COD as a cause of reproductive failure in dairy and beef cows
(>90 days postpartum), which is a well-known ovarian disturbance
during the preservice postpartum period especially in dairy cows.
The incidences were higher for Braford and Brangus breeds which
have not been reported elsewhere. The study also revealed PLP as
a predominant type of AOC in dairy cows of FRS and cessation
of ovarian cyclicity in beef cattles of both BRF and BR breeds, but
lower incidence of AOC was observed in the local KK cows and
heifers. The PLP in dairy cows was due to the presence of luteal
cysts in the ovary which accounted for the most frequent form
of COD while cessation of ovarian cyclicity in the beef groups
was mainly due to follicular cysts and ovarian inactivity. In other
words, luteal cysts in dairy FRS and follicular cysts in beef cows
and heifers represented the most frequent type of ovarian cysts encountered. These might indicate the impact of differences in breed,
age, and the primary risk factors for AOC and associated ovarian
disorders in dairy and beef cows that remained open beyond 90
days postpartum and heifers with delayed age at first calving. This
indirectly validates the need to undertake further research in order
to identify the risk factors in both dairy and beef cows that remain
open beyond 90 days postpartum and in heifers with delayed age
at first calving for the correct approach to be applied in preventing
the problem. The use of ovarian ultrasonography in this study has
enabled the identification of different types of ovarian disorders
associated with abnormal plasma P4 profiles.
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ABSTRACT

Laparoscopy is a procedure of examining the abdominal cavity and its contents with an illuminated telescope. Diagnostic laparoscopy is at present being utilized on a large scale in humans as well as in animals and has led to considerable advances in the
diagnosis and management of fertility. For exploration and evaluation of infertility, laparoscopy is considered an essential step and
a standard procedure and offers an excellent way through direct visualization to clarify the hidden pathology. Laparoscopy is used
as a gold standard method for quite a variety of gynecological conditions especially in humans. The present review was written to
record the use of laparoscopy as a diagnostic tool especially in bovine reproduction.

INTRODUCTION
Laparoscopy:

L

aparoscopy (Gr: Laparo-abdomen, scopein-to examine) is the
procedure of examining the abdominal cavity and its contents.
It requires insertion of a cannula through the abdominal wall, distension of the abdominal cavity with gas or air (pneumoperitoneum) and visualization and examination of the abdominal contents
with an illuminated telescope. Explorative laparoscopy is currently
being utilized on a large scale in humans as well as in animals especially in equines throughout the world and is considered safe
and fast technique that can be performed under general or local
anaesthesia. Laparoscopy has been used widely in medicine over
30 years and the first reported use of reflected light to examine the
cervix was by the Arabian physician, Albukasim (936-1013 A.D).
The next reports were in the early 1800s where Bozzini used a
mirror, illuminated by a wax candle, to examine the urethra. Kelling1 provided the first attempt at endoscopy of the peritoneal cavity, used sterile filtered oxygen for insufflations and a cystoscope
to look at the peritoneal cavity of dogs. Later, Zollikofer2 used

carbon dioxide to obtain pneumoperitoneum, which reduced pain
and thermal complications. The automatic insufflator developed
by Semm3 further improved the safety margin of laparoscopy and
later inclusion of video computer chip allowed laparoscopy to become integrated into general surgery. Access into the abdomen is
the one challenge of laparoscopy as major complications occur
prior to commencement of the intended laparoscopy.4,5 In 1974,
Raoul Palmer of France popularized the use of Veress needle using CO2 to induce pneumoperitoneum for laparoscopy and subsequently published on its safety in the first 250 patients.6 Palmer
emphasized that the creation of pneumoperitoneum remains a
vital first step, and it is the one still associated with recognized
complications. Thus, Dingfelder7 was the first to publish on direct
entry into the abdomen with a trocar and the suggested advantages
of this method of entry are avoidance of complications (failed
pneumoperitoneum, preperitoneal insufflations, intestinal insufflations or the more serious CO2 embolism) associated with the use
of Veress needle.8 However, it is the least performed laparoscopic
technique in clinical practice today.9
Laparoscopy has gained a leading role and appears to
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be the gold standard method for a quiet wide range of gynaecologic procedures.10 The development of laparoscopy has led to
significant advances in the diagnosis and management of fertility
to enhance animal production and is being used increasingly in
the embryo transfer industry especially for species or age groups
where it is not possible or easy to manipulate the reproductive tract
per rectum during oocyte and embryo retrieval and during embryo
transfer.11 Laparoscopy is now considered an essential step and a
standard procedure in the investigation and evaluation of infertile human females and offers an excellent means through direct
visualization to elucidate the hidden pathology. Although use of
laparoscopy as a diagnostic tool for infertility evaluation is presently frequent in equines12,13 but its use in bovines for infertility
assessment is very meagre.
Insufflation:

In order to perform laparoscopy, pneumoperitoneum is created to
provide a space to work in and allow proper visualization of structures. Kelling1 reported the observation of the abdominal cavity of
dogs and humans through an air filled abdomen for the first time
in 1902. This procedure named “coelioscopy” became a routine
in humans in 1914.14 Goetze15 developed an automatic needle in
1918 in order to reduce the risk of a blind puncture of the abdomen and reported as ideal practice of initially establishing a pneumoperitoneum. Since the development of first automatic CO2 gas
insufflator in 1966, 3,16 the practice of creating and maintaining the
pneumoperitoneum was universally adopted using such a device.
Although at least 5 different gases or mixture of gases have been
used to perform pneumoperitoneum, CO2 is used almost exclusively. Such a gas is rapidly absorbed, excreted and does not support combustion. It is the most soluble in blood of all agents used
for abdomen insufflations and is safer than oxygen, air and nitrous
oxide (N2O) in preventing gas embolism17,18 although; there is no
general agreement on the subject.19,20 However, absorption of CO2
into the blood contributes to hypercarbia, acidosis resulting into
hypertension, tachycardia, cardiac arrhythmias, vasodilatation and
myocardial depression.21
Although, different methods are used for creating pneumoperitoneum but the easiest way to maintain working space with
a consistent intra-abdominal pressure is by use of an electronic
CO2 insufflator. Similarly, various insufflation cannulas have been
used in laparoscopy and traditional Veress needle can be used for
animals that have been placed in dorsal recumbency but are generally considered to be too short for the flank of large animals
where standing laparoscopy is performed. The other problem with
the Veress needle is that it has a very small diameter, which slows
the flow of insufflation gas into the abdomen. Recently, more
surgeons are choosing to perform an open, “Hasson” technique
where a laparoscopic cannula with a blunt obturator is introduced
into the peritoneal cavity. For standing flank laparoscopy, insufflation has also been achieved by small diameter chest tubes, mare urinary catheters and more recently laparoscopic cannulas with blunt
obturators22 and by direct trocar insertion using 6 mm trocar and
cannula unit which was found better than Veress needle method.23
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In man and animals, the recommended intraabdominal pressure
during laparoscopy is 10-15 mmHg and pressures greater than 20
mmHg for prolonged periods can produce negative cardiovascular
and respiratory effects and cause some reduction in blood supply
to the serosa of intestinal tract.24 However, in bovines for ovariectomy and for evaluation of genitalia through transabdominal
laparoscopy, optimum intraabdominal pressure during laparoscopy
was found 6-10 mmHg.23,25
Trans-abdominal Laparoscopy (TAL) Procedure:

Prior to laparoscopic examination, feed but not water is withheld
for a variable period of 18-48 h23,25,26 and cows are sedated with
xylazine and local infiltration of portal sites is done with lignocaine (2%) before laparoscopy.25-28 Sedation with xylazine is very
useful for smooth examination especially in aggressive animals.23,25
However, some animals sedated with xylazine get recumbent during the examination and are unable to stand.23 Fasting facilitates
laparoscopic examination of genital tract, reduces chances of
rumen puncture when left flank approach is used and facilitates
movement of laparoscope and instrument during examination.
Both left flank and right flank approach can be used for laparoscopic examination of genital tract with minor limitations in both
the approaches.25,27,29,30 The left paralumbar approach presents the
advantage that the rumen supports the parietal peritoneum firmly
against the abdominal wall facilitating the puncture of this layer
and the greater omentum does not affect visualization since it
courses under the rumen.23,31 However, in the right side, hindrance
to the movement of laparoscope and instruments due to rumen
especially when fasting time is shorter is absent. Further, there is
no chance of rumen puncture on the right side but laparoscopic
examination is hampered in few cases due to omento-serosa layer
and mesentery on right side which has not been observed on left
flank approach.25 Further, right flank approach involves the risk
of intestinal perforation25 especially with instrument port as this
port is made ventral to tubar coxae in lower flank region. However,
Singh and Rawal26 reported that laparoscopy was performed more
easily though right paralumbar fossa approach than left paralumbar fossa as it was time consuming, disadvantageous for accidental
puncturing of rumen and also provided less space to manipulate
the laparoscope.
Laparoscopy entry techniques utilized for entry into the
abdomen include Veress needle method using traditional Veress
needle and direct trocar technique using 6 mm trocar cannula unit
but the direct trocar technique has been found better alternative
technique than the Veress needle method.23 Further in direct entry
technique, time required and initial steps for laparoscopic examination were reduced in comparison to Veress needle technique of
insufflations.32,33 The pneumoperitoneum is created by CO2 gas using automatic insufflator and the intraabdominal insufflation pressure maintained during examination is around 6-10 mmHg. At this
insufflation pressure, examination is done comfortably as higher
pneumoperitoneum lead to straining and physical discomfort by
the animal during examination.24,25,34,35 Although, there are reports
of laparoscopy at higher intraabdominal pressure36,37 but it has
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been observed that the animal become restless and shows signs
of colic when intraabdominal pressure is increased to 10 mmHg
or above 23,25 The optimum site of laparoscopic port both in right
and left flank approach is 8-10 cm cranial to the tip of tuber coxae
and 6-8 cm ventral to the transverse processes of lumbar vertebrae at the junction of middle and caudal third flank. Similarly, the
optimum site of the instrument port both in right and left flank
approach is 18-20 cm ventral to the tip of tuber coxae and 2-3 cm
cranial to that point.23 However, in few laparoscopic examinations
second instrument port both in right and left flank approach can
be made at 10-12 cm ventral to the tip of tuber coxae and 4-6 cm
cranial to that point. The optimal portal sites for laparoscope as
well as instruments were determined by testing various locations
and those described above were found optimum for examination
of the genital tract in cattle as per author.23 The CO2 consumption
for each laparoscopic examination is 45-80 litres with an average
of 60 litres23 which varied with the abdominal size and the duration
of examination. However, the time required varied with the entry
technique, size of abdomen and cooperation by the animal as time
required is less in direct entry method, small sized animals and less
aggressive animals.
New Techniques:

Recent advances in human laparoscopy are being evaluated in animal laparoscopy. Most notably is the evaluation of natural orifice
transluminal endoscopic surgery (NOTES).38 In this study, it was
determined that abdominal exploration was adequate through either the left or right transvaginal approach. Structures that could
be evaluated were the left kidney, spleen, nephrosplenic space,
stomach, cecum, duodenum, left and right ovaries, diaphragm, caudal peritoneal reflection, and inconsistently the liver.
Use of Laparoscopy in Gynaecology:

Laparoscopy has been extensively used for the diagnosis and treatment of various reproductive disorders in human females39,40 and
rapidly advanced from being a diagnostic procedure to one used
in fallopian tubal occlusion, for sterilization and eventually in the
performance of numerous surgical procedures in all surgical disciplines for a variety of indications. Until recently, laparoscopy was
the ﬁnal diagnostic procedure of the female fertility exploration, as
outlined by the American Fertility Society in 1992 and by the World
Health Organization guidelines41 and 89 percent of all reproductive endocrinologists in the USA routinely performed a laparoscopy in the diagnostic work-up of infertility42 However, veterinary
laparoscopy began much like the use of laparoscopy in the field
of gynaecology in humans. Roberts43 first reported endoscopic/
laparoscopic examination of reproductive organs in sheep. Endoscopy was initially used for direct observation of the ovaries and
uterus of the ewe by means of an illuminated endoscope, inserted
through an abdominal cannula. Later, Witherspoon and Talbot44
published 2 papers on the use of laparoscopy as a diagnostic tool
to describe population events in the mare. Witherspoon et al.45 reviewed the current uses of laparoscopy and recommended the use
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of either a rigid or flexible endoscope or dual trocar techniques
to allow surgical manipulation. Wilson46 published on the use of
laparoscopy to evaluate the reproductive tract of mares using a
single trocar technique and a laparoscope alone for diagnostics,
or an operating laparoscope for biopsies or manipulations. Wilson
and Madison47 described the use of laparoscopy to diagnose the
presence and location of abdominally retained testes.
Evaluation of Tubal Patency:

The oviduct has been regarded as an insignificant source of reduced fertility, primarily because of the inability to clinically evaluate either its structure or function and majority of information describing abnormalities of the oviduct is derived from post mortem
dissections, flushings and histology. Because oviductal pathology is
difficult to diagnose on routine transrectal palpation or ultrasonography, direct examination via flank or ventral midline laparotomy
or laparoscopy is required. Recently, laparoscopic13 placement of
fluorescent beads within the oviduct has been used to evaluate patency using a less invasive, but more specific approach (i.e., differentiates left vs. right oviduct and assures correct placement of
beads). Similarly, laparoscopic chromopertubation for evaluation
of tubal patency through flank approach using methylene blue
(2.5%) dye has been done in bovines.48 Laparoscopy has been recently used for re-establishment of oviductal patency in infertile
mares by applying gel containing PGE2 to the surface of oviduct.12
Ovariectomy:

Laparoscopic ovariectomy has been done in bovines and is safe
and practically feasible in cattle.25 Although the procedure is time
consuming and requires special instrumentation, it is minimally
invasive and has a low risk of complications. Further, bilateral
ovariectomy can be performed via a single flank approach in cattle
as both ovaries are situated in close proximity to one another.
Diagnosis of Gross Reproductive Abnormalities:

There have been significant advances in the diagnosis and treatment of reproductive disorders. Diagnostic laparoscopy is currently being utilized on a large scale in humans as well as in animals
throughout the world. Laparoscopy has been extensively used for
the diagnosis and treatment of various reproductive disorders in
human females39 while in non-human primates; research has also
been carried out on the reproductive physiology of the female
rhesus macaques throughout the world.49 The following reproductive anomalies were observed on laparoscopic examination of the
genitalia of the female rhesus macaques:34 ovarian cyst, ectopic
pregnancy, ovarian tumor, uterine rupture, uterus unicornis, uterine tumor and uterine edema. Similarly, Sofi23 evaluated diagnostic
potential of transabdominal laparoscopy for evaluation of genitalia with respect to different infertility problems in cattle (Table-1)
and proved very helpful and provided confirmation especially to
oviduct and adnexal abnormalities.
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Table 1. Reproductive Abnormalities Diagnosed by TAL in Culled Cows23
Genital part

Abnormality/Condition

No

True anestrus

Ovary

9.5

13

61.9

Right

8

Ovarobursal adhesion

Left

4

Both

1

Cystic ovaries

Right

1

1

4.8

Ovarian abscess

2

2

4.8

Perioophoritis

2

2

4.8

18

85.7

4

19.0

9

42.8

3

14.3

Total
Hydrosalpinx

Oviductal adhesion
Oviduct and Adnexa
Parovarian cyst
Tubo-ovarian abscess

Right

2

Left

2

Right

4

Left

4

Both

1

Right

2

Left

1

Right

1
Total

Uterine adhesion
Uterus

%age (n=21)
2

1

4.8

17

80.9

4

19.0

Abnormal color with nodules

173.7

4

19.0

Uterine cyst

179.1

1

4.8

Total

9

42.8

Total Abnormalities Detected: 44

Complications:
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ABSTRACT
Introduction

The present study investigated the influence of various non-genetic factors on various economic traits to plan better management
practices for higher milk production in Sahiwal cattle.
Materials and Methods

The data for the present investigation were collected over a period of 71-years (1944-2014) from pedigree sheets of 1367 Sahiwal
cows born to 112 sires maintained at Government Livestock Farm, Chak-Ganjeria, Lucknow were utilized. The influence of nongenetic factors on different traits were studied by least-squares analysis of variance for non orthogonal data using mixed model
least-squares and maximum likelihood programme described by Harvey (1990).
Result

The overall performance levels of cows for total milk yield (TMY) and lactation length (LL) were 1815.192±12.87 kg and 300.77
±1.58 days, respectively. The overall least-squares means estimated for all the reproduction traits in this study were 192.60±2.35
days for service period, 163.74±2.31 days for dry period and 475.64±2.78 days for calving interval. The least-squares analysis of
variance for the pooled lactation traits showed the significant (p<0.01) effect of season of calving on total milk yield, whereas it
was significant (p<0.05) for total dry period and non-significant for other pooled lactation traits i.e. lactation length, service period
and calving interval. The effect due to period of calving on all the pooled lactation traits was found to be significant (p<0.01). The
effect due parity on all the pooled lactation traits was also significant (p<0.01).
Conclusion

Analysis of variance for the pooled milk production traits showed that the effect due to season of calving was significant for
total milk yield and total dry period. The effect due to period of calving on all the pooled milk production traits was found to
be significant. The effect due parity on all the pooled milk production traits was also significant effect of non-genetic factors on
pooled milk production and reproduction traits revealed that managemental practices were not similar during different periods.
Keywords

Pooled lactation traits; Total milk yield; Lactation length; Productive life; Herd life.
INTRODUCTION

S

ahiwal is one of the most preferred breed of cattle for genetic
improvement various descript and non-descript cattle population of our country. Sahiwal is regarded as one of the improver
breed of cattle in our country. There is a great need to evaluate the
performance of Sahiwal at organized dairy farm. The present eco-

nomic conditions demand that a dairy animal should be profitable
and overall profitability of dairy animals depends upon more on
the return through the milk production during its life-time than on
its first lactation alone. Evaluation of sires for life-time production
traits not only delays selection decision but also reduces the rate
of genetic progress. To overcome this, life-time milk production
was computed indirectly from some early observable traits. Early

cc Copyright 2018 by Singh CV. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
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calving with higher milk yield, shorter calving interval and dry period in dairy animals ensure early returns of the capital and lower
the generation interval, resulting in large annual genetic gains from
selection, which is only effective way of improving our dairy cattle.
The low milk production of indigenous cow is due to
low genetic potential of milk production, inadequate feeding and
nutrient availability, poor management, prevalence of diseases
combined with tropical climate. Another important reason of low
production is rearing of cattle for draught purposes. Though the
indigenous breeds of cattle in India are late maturing and poor milk
producers but they possess disease resistance, have ability to utilize
coarse fodders and also adapted to harsh tropical climate. Increase
in production and productivity at simultaneously maintaining the
diversity is the objectives of cattle breeding in India. The primary
objective of animal breeder is to maximize genetic improvement
in economically important traits which can be achieved through
proper selection and utilization of breeding system. The influence
of various non-genetic factors on various economic traits is required to plan better management practices for higher milk production.
MATERIALS AND METHODS

The data for the present investigation were collected over a period of 71-years (1944-2014) from pedigree sheets of 1367 Sahiwal
cows born to 112 sires maintained at Government Livestock Farm,
Chak-Ganjeria, Lucknow were utilized. Only the sires having records on at least 5 daughters were included in the present study.
The records of only those animals with known pedigree and normal lactation were considered. The lactation records of less than
150 days were considered as abnormal and were not included in
the analysis. The total duration of the present study was divided
into 8 periods. Out of 8 periods, 7 are of nine years each and 8th
period was 8 years only. Each year was divided into four seasons
namely Winter (November-February), Summer (March-June), and
Rainy (July-October). In order to classify the data for different periods and seasons, year and season of calving was considered for
all the traits. The traits considered in the present study were age
at first calving, first service period, first dry period, first calving
interval, first lactation milk yield, lifetime milk yield, productive life
and herd life.
STATISTICAL ANALYSIS

The influence of non-genetic factors on different traits were studied by least-squares analysis of variance for non-orthogonal data
using mixed model least-squares and maximum likelihood programme described by.1 The model for the least-squares analysis
of variance to estimate the influence of non-genetic factors on
different first lactation and lifetime traits included the effect of
periods, seasons and sires. The statistical model used for analysis
is as given below.
Yijklm=µ + Si + Pj + Gk + Ll+ eijklm
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Where,
Yijklm=observation of mth individual belonging to ith season, jth period, kth sire and lth lactation number
µ= Overall population mean
Si= Fixed effect of ith season (i=1, 2, 3)
Pj= Fixed effect of jth period (j=1, 2..9)
Gk= Effect of kth sire (k=1, 2...112)
Ll= Effect of lth lactation number (l=1, 2..7)
eijklm= Random error, assumed to be distributed normally and independently with mean zero and constant variance i.e. NID (0, σe2).
Duncan’s Multiple Range Test

Duncan’s multiple range tests (DMRT) as modified by2 was applied
for testing differences among least-squares means of the non-genetic factors.
RESULTS

The overall performance levels of cows for total milk yield (TMY)
and lactation length (LL) were 1815.192±12.87 kg. and 300.77±
1.58 days, respectively, (Table 1). Analysis of variance reveals that
(Table 1) season of calving was significantly affecting (p<0.01) total milk yield (TMY), whereas it has no significant effect on lactation length (LL). The cows calving during rainy season (July to October) had highest total milk yield of 2038.52±17.34 kg, whereas
cows calving during summer season (March to June) had lowest
average TMY of 1959.30±19.94 kg. In case of lactation length,
the winter calvers having longest lactation length of 304.93± 2.00
days, while rainy season calvers had slightly lower lactation length
of 299.49±1.96 days in Sahiwal cattle. The effect of period was
highly significant (p<0.01) on all the pooled lactation production
traits (Table 2). The cows calving during the P2 had highest leastsquares mean for TMY (3413.62±29.56 kg), whereas cows calving
during P7 had lowest least- squares mean for TMY (1349.53±25.20
kg). The lactation length was longest (333.23±9.41 days) for the
cows calving during P1 whereas lactation length was shortest
(279.23±2.82 days) for P3. The parity was one of the most important non-genetic factors, significantly (p<0.01) affecting all the
pooled lactation production traits. The least-squares mean for total
milk yield was found to be maximum (2049.77±33.55 kg) in 6th
parity whereas lowest mean (1879.00±27.29 kg) was recorded in
7th parity. The lactation length was longest (326.61±2.50 days) in
first parity whereas it was shortest (287.65±3.09 days) in 7th parity. Least-squares analysis of variance and least-squares means for
pooled service period (SP), dry period (DP) and calving interval
(CI) are presented in Table 1 and 2. The study revealed that except
season all the non-genetic factors had significant (p<0.01) influence on all the reproduction traits.
The overall least-squares means estimated for all the reproduction traits in this study were 192.60±2.35 days for service
period, 163.74±2.31 days for dry period and 475.64±2.78 days for
calving interval. The season of calving had significant effect on
dry period (DP), whereas it had non-significant effect on service
period (SP) and calving interval (CI). The cows calving during win-
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Table 1. Least- Squares Means with S.E. for Pooled Lactation Production and Reproduction Traits
Source

LL

TMY

Overall mean

300.77±1.58 (7010)

1815.192±12.87 (7010)

DP

SP

CI

163.74±2.31 (5640)

192.60±2.35 (5641)

475.64±2.78 (5642)

OVERALL MEAN
SEASONS
S1-Summer (March- June)

301.66±2.26 (1789)

1959.30b±19.94 (1789)

162.72a±2.72 (1391)

183.05±3.77 (1391)

466.36±3.53 (1391)

S2- Rainy (July-Oct.)

299.49±1.96 (2754)

2038.52a±17.34 (2754)

156.01b±2.34 (2240)

178.28±3.24 (2240)

463.29±3.04 (2241)

S3- Winter (Nov-Feb)

304.93±2.00 (2467)

1988.16a±17.68 (2467)

154.98b±2.39 (2009)

186.38±3.30 (2010)

468.64±3.09 (2010)

121.13e±10.13 (82)

159.07b±14.02 (82)

442.08a±13.14 (82)

PERIODS
333.23a±9.41 (82)

P1(1944-51)

3081.78b±83.15 (82)

P2 (1952-59)

291.91c±3.34 (655)

3413.62a±29.56 (655)

133.55de±3.90 (563)

141.48c±5.40 (563)

424.68a±5.06 (563)

P3 (1960-67)

279.23d±2.82 (921)

1880.28c±24.90 (921)

136.49de±3.35 (760)

130.56c±4.63 (760)

415.60a±4.34 (760)

P4 (1968- 75)

308.99 ±2.95 (835)

1830.00 ±26.03 (835)

137.96 ±3.49 (695)

167.38 ±4.82 (695)

448.92a±4.52 (695)

P5 (1976- 83)

319.40 ±2.58 (1102)

1657.00 ±22.82 (1102)

159.44 ±3.08 (907)

214.08 ±4.26 (907)

492.71a±4.00 (907)

b

b

c

d

d

b

c

a

P6 (1984-91)

290.23cd±2.33 (1364)

1491.54e±20.62 (1364)

192.24b±2.83 (1106)

216.35a±3.92 (1107)

500.79a±3.67 (1107)

P7 (1992-99)

286.40cd±2.85 (884)

1349.53f±25.20 (884)

206.15a±3.51 (675)

230.35a±4.86 (675)

514.32a±4.56 (675)

P8 (2000-07)

314.95 ±3.17 (720)

1718.60 ±27.99 (720)

169.66 ±3.77 (593)

208.16 ±5.21 (593)

493.54a±4.88 (594)

P9 (2008-14)

293.92 ±4.03 (447)

1535.59 ±35.61 (447)

164.53 ±5.70 (259)

175.70 ±7.89 (259)

462.22a±7.40 (259)

LN1

326.61a±2.50 (1369)

1958.88a±22.10 (1369)

166.92a±2.72 (1369)

213.77a±3.76 (1369)

495.94a±3.52 (1369)

LN2

307.18b±2.47 (1369)

1970.79a±21.79 (1369)

155.88ab±2.83 (1189)

184.11b±3.92 (1189)

466.67a±3.67 (1190)

LN3

300.67bc±2.65 (1189)

2031.14a±23.45 (1189)

149.41b±3.15 (957)

169.99b±4.35 (957)

453.96a±4.08 (957)

LN4

297.86 ±2.93 (957)

2042.08 ±25.86 (957)

156.83 ±3.59 (720)

176.86 ±4.96 (721)

461.27a±4.65 (721)

LN5

294.44 ±3.33 (721)

2035.61 ±29.39 (721)

159.43 ±4.08 (542)

177.59 ±5.64 (542)

460.10a±5.29 (542)

LN6

299.79bc±3.80 (542)

2049.77a±33.55 (542)

155.67ab±4.79 (385)

180.09b±6.63 (385)

463.15a±6.22 (385)

LN7

287.65d±3.09 (863)

1879.00b±27.29 (863)

161.20ab±4.35 (478)

175.58b±6.02 (478)

461.58a±5.64 (478)

b
c

d

c

e

a

c

b

PARITY

c

cd

a
a

ab

b

ab

b

The least-squares means with same superscripts do not differ significantly

Table 2. Least- Squares Analysis of Variances (Anova) of Different Pooled Milk Production and Reproduction Traits
Traits

Season

Period

Parity
171125.968 (6)

Error

R2 (%)

7151.85 (6993)

5.0

558562.00 (6993)

36.44

LL

19224.612 (2)

182972.779 (8)

TMY

3601965.00 (2)**

274564173.00(8)**

3395417.00 (6)**

DP

26791.58 (2)*

478002.75 (8)**

31512.934 (6)**

8256.45 (5623)

8.0

SP

34818.43 (2)

881175.42(8)**

235714.63(6)**

15808.61 (5624)

8.63

CI

15092.122 (2)

863316.238 (8)**

215201.977 (6)**

11047.6 (5625)

9.41

**

**

LL = Lactation length, TMY = Total milk yield, DP = Dry period, SP = Service period, CI = Calving interval
**
Significant at 1% level
*
Significant at 5% level

ter months (November to February) had longest SP (186.38±3.30
days), whereas rainy season (July to October) calvers had shortest
SP (178.28±3.24 days). The shortest calving interval (463.29±3.04
days) was found for the cows calving in rainy season, whereas the
calving interval did not differed significantly for the cows calving
in summer and winter season with a value of 466.36±3.53 days and
468.64±3.09 days, respectively. The effect of period of calving was
highly significant (p<0.01) on all the pooled reproductive traits i.e.
dry period, service period and calving interval. The cows calving
during the P7 had longest least-squares mean of 206.15±3.51 days
for dry period, whereas the shortest dry period of 121.13±10.13
days was reported for P1. The calving interval was longest of
514.32±4.56 days for cows calving during the P7, while the shortOriginal Research | Volume 3 | Issue 1|

est calving interval of 415.60±4.34 days was reported for the cows
calving in P3. The longest service period was 230.35±4.86 days
for cows calved during P7, whereas the cows calved during P3 had
shortest service period of 130.56±4.63 days. Parity had highly significant (p<0.01) effect on all of the pooled lactation reproduction traits i.e. dry period, service period and calving interval. The
longest least-squares mean for DP, SP and CI was found to be
in cows of first parity with their values being 166.92±2.72 days,
213.77±3.76 days and 495.94±3.52 days, respectively. The shortest DP, SP and CI were in the cows of 3rd parity with their values
being 149.41±3.15 days, 169.99±4.35 days and 453.96±4.08 days,
respectively.
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DISCUSSION

The overall performance levels of cows for total milk yield (TMY)
and lactation length (LL) were presented in Table 1. These estimates of total milk yield were comparable with the results reported
by3,4 in Sahiwal cattle.5,6 observed a lower values of LMY in Sahiwal cattle.
SEASON EFFECT

Analysis of variance reveals that (Table 1) season of calving was
significantly affecting (p<0.01) total milk yield (TMY), whereas it
has no significant effect on lactation length (LL). The cows calving
during rainy season (July to October) had highest total milk yield,
whereas cows calving during summer season (March to June) had
lowest average total milk yield (TMY). In case of lactation length,
the winter calvers having longest lactation length, while rainy season calvers had slightly lower lactation length in Sahiwal cattle. In
support of the above findings, most of the workers reported5,7,8
that the effect of season was non-significant on lactation length.
PERIOD EFFECT

The effect of period was highly significant (p<0.01) on all the
pooled lactation production traits (Table 2). The cows calving
during the P2 had highest least-squares mean for total milk yield
(TMY), whereas cows calving during P7 had lowest meanvalue for
total milk yield (TMY). The lactation length was longest for the
cows calving during P1, whereas lactation length was shortest for
P3. These results are similar to the findings of3,5,6 who observed
the effect of period was significant (p<0.01) on pooled lactation
production traits i.e. TMY and LL.

to the present findings,3,6 observed lower values of pooled calving
interval. Whereas,5 reported longer calving interval then the present findings in Sahiwal cattle.
SEASON EFFECT

The season of calving had significant effect on dry period (DP),
whereas it had non-significant effect on service period (SP) and
calving interval (CI). The cows calving during winter months (November to February) had longest SP, whereas rainy season (July to
October) calvers had shortest SP. The shortest calving interval was
found for the cows calving in rainy season, whereas the calving
interval did not differed significantly for the cows calving in summer and winter season. Similar to these findings,6,9 also observed a
non-significant effect of season of calving on calving interval and3
reported that the effect of season was not significant on service
period and calving interval. On the contrary,5 reported season of
calving had significant effect on calving interval.
PERIOD EFFECT

The effect of period of calving was highly significant (p<0.01) on
all the pooled reproductive traits i.e. dry period, service period and
calving interval. The cows calving during the P7 had longest leastsquares mean for dry period, whereas the shortest dry period was
reported for P1. The calving interval was longest for cows calving
during the P7, while the shortest calving interval was reported for
the cows calving in P3. The longest service period for cows calved
during P7, whereas the cows calved during P3 had shortest service
period.3 Also observed that effect of period was highly significant
(p<0.01) on service period, dry period and calving interval.
PARITY EFFECT

PARITY EFFECT

The parity was one of the most important non-genetic factors,
significantly (p<0.01) affecting all the pooled lactation production
traits. The least-squares mean for total milk yield was found to be
maximum in 6th parity, whereas lowest mean was recorded in 7th
parity. The lactation length was longest in first parity, whereas it
was shortest in 7th parity.3,6 also revealed that the effect of parity
was significant on total milk yield and lactation length. Similar to
our findings, the lactation length was reported to be longest in first
lactation by.3,5
Least-squares analysis of variance and least-squares
means for pooled service period (SP), dry period (DP) and calving
interval (CI) are presented in Table 1 and 2. The study revealed that
except season all the non-genetic factors had significant (p<0.01)
influence on all the reproduction traits.
These levels of reproductive performance were comparable with the reports in the literature on Sahiwal cattle and their
crosses in India.3 Reddy (1983) observed the pooled service period
of 148.0 days and pooled dry period of 153.8 days whereas,9 reported higher values of dry period in Sahiwal cattle. On contrary
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Parity had highly significant (p<0.01) effect on all of the pooled
lactation reproduction traits i.e. dry period, service period and calving interval. The longest least- squares mean for DP, SP and CI
was found to be in cows of first parity. The shortest DP, SP and CI
were recorded for cows calved during of 3rd parity. Similar to the
present findings,3 also found that the effect of parity was significant (p<0.01) on service period, dry period and calving interval.5,6
indicated significant effect of parity on calving interval.
CONCLUSION

In present study least-squares analysis of variance for the pooled
lactation traits showed that the effect due to season of calving was
significant for total milk yield and total dry period and non-significant for other pooled lactation traits i.e. lactation length, service
period and calving interval. The effect due to period of calving on
all the pooled lactation traits was found to be significant. The effect
due parity on all the pooled lactation traits was also significant. Significant effect of non-genetic factors on pooled milk production
and reproduction traits revealed that managemental practices were
not similar during different periods.
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ABSTRACT
Background

Dissociative anesthesia is a form of anesthesia characterized by catalepsy, catatonia, analgesia, and amnesia. Although some reviews and research findings are conducted regarding dissociative anaesthetics and its combination with other compatible drugs
as clinical use, the information is highly scattered, not well compiled and presented for commercialization specially in Veterinary
Medicine.
Aim

To review on importance of dissociative anaesthetics and its clinical relevance, and to review on combination of dissociative anaesthetics with other compatible drugs and its application in veterinary practices.
Conclusion

Dissociative anesthetic combinations are effective anesthetic induction regimens and can be used both to induce and maintain
anesthesia in surgical procedures of mild to moderate intensity and short duration. Dissociative anesthesia resembles a cataleptic
state in which the patient appears to be asleep, but does not respond to external stimuli. Ketamine and tiletemine is the common
drug of this group mainly used in animals effectively. These drugs are mainly characterized by analgesia and superficial sleep with
good somatic analgesia but poor visceral analgesia and muscle relaxation.
Keywords

Clinical use; Ketamine; Tiletemine.
INTRODUCTION

D

issociative anesthesia is a form of anesthesia characterized by
catalepsy, catatonia, analgesia, and amnesia. It does not necessarily involve loss of consciousness and thus does not always imply a state of general anesthesia. Dissociative anesthetics probably
produce this state by interfering with the transmission of incoming
sensory signals to the cerebral cortex and by interfering with communication between different parts of the Central Nervous System
(CNS).1

The common dissociative anaesthetics of veterinary importace: includes ketamine and tiletamine (in Telazol®). Their combinations are effective anesthetic induction regimens and can be

used both to induce and maintain anesthesia in procedures of mild
to moderate surgical intensity and short duration. For instance, ketamine and xylazine produce lateral recumbence and anesthesia adequate for endotracheal intubation, gastrointestinal endoscopy, and
most minor procedures. A combination of ketamine and medetomidine or dexmedetomidine produces immobilization, analgesia,
and excellent muscle relaxation for 60 min.2
Several drugs are used intravenously, singly or in combination with other drugs to achieve an anaesthetic state as components of balanced anaesthesia. These drugs include the following;
barbiturates (thiopental, methohexital), benzodiazepines (midazolam, diazepam), opioids (morphine, fentanyl, alfentanil, remifentanil), propofol, ketamine and miscellaneous drugs (droperidol,

cc Copyright 2018 by Dugassa J. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
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etomidate, medetomidine).3 The drug is an arylcyclohexylamine
chemically related to phencyclidine, ketamine is the only intravenous anaesthetic that possesses analgesic properties and produces
cardiovascular stimulation.4 A part from the required actions of
sedation, hypnosis and analgesia, medetomidine has the usual
marked cardiovascular effects of bradycardia and decrease cardiac
output.5
Indeed, medetomidine/ketamine combinations have
been found to provide excellent immobilization and relaxation
in a wide range of species of animals6 investigated the suitability of detomidine-midazolam-ketamine combination for umbilical
surgery in calves. The study reported satisfactory immobilization
for umbilical surgery, although some hypoxaemia and respiratory
acidosis occurred, body temperature of the calves decreased significantly with good relaxation and no complications. Similarly, in
a report by Afshar FS et al7 on the effect of xylazine-ketamine on
arterial blood pressure, heart and respiratory rates in goats, it was
found that heart rate decreased at 15 to 60 min., but without significant change in respiratory rate.
DISSOCIATIVE ANAESTHETICS AND COMPATIBLE DRUG
COMBINATIONS IN VETERINARY CLINICAL PRACTICE
Dissociative Anaesthetics

Dissociatives are a class of hallucinogens which distort perceptions of sight, sound and produce feelings of detachment–dissociation–from the environment and self. This is done through reducing or blocking signals to the conscious mind from other parts of
the brain. Dissociative agents may be administered via many routes.
Phencyclidine is often consumed orally, as thermal degradation
results in inactivation of nearly 50% of the drug when smoked.
ketamine can be consumed either orally or parenterally, although
poor oral bioavailability makes insufflations the preferred method.8
Ketamine is congener of phencyclidine. It was first used
in human anesthesia in 1965 and in veterinary anesthesia, feline
practice, in 1970. Although many kinds of drugs are capable of
such action, the dissociatives are unique in that they do so in such
a way that they produce hallucinogenic effects, which may include
sensory deprivation, dissociation, hallucinations and dream like
states or trances. Many dissociative have general depressant effects
on respiration, produce sedation, analgesia and ataxia, as well as
cognitive and memory impairment and amnesia.9
Generally, dissociative anesthesia implies dissociation
from the surroundings with only superficial sleep mediated by
interruption of neuronal transmission from the unconscious to
conscious parts of the brain. During dissociative anesthesia, the
animal maintains its pharyngeal, laryngeal, corneal, palpabral, and
swallowing reflexes. The eyes also remain open. They increase
muscle tone, spontaneous involuntary muscle movement (occasionally seizures are seen in some species). There is also increased
salivation, lacrimation and good somatic analgesia.10
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Historical Background

Dissociative anaesthetic agents have been used medicinally for
decades, with phencyclidine (PCP) first having been used as an
anesthetic in the 1950s. Early reports noted a profound state of
anesthesia, in which major surgeries were performed without loss
of respiratory drive; however, severe emergence reactions (including psychosis and hallucinations) limited PCP's use.3
Dissociative agents are abused recreationally. PCP (“angel dust”) abuse reached epidemic proportions in the 1970s but its
use today is sporadic. ketamine often referred to as “special K,”
“vitamin K,” or “super K,” has become popular at rave parties and
night clubs in human.11
A few years later, in 1970, the federal government approved ketamine for human use, and as a result it soon became
popular as a battlefield anesthetic.12 The first evidence of illicit
abuse of the drug was on the West Coast. Later, during the late
1970s and early 1980s abuse began to increase across the country, especially among certain sub-cultures (e.g., mind explorers and
new age spiritualists). Around the same time, new forms of the
drug were being introduced into the illegal drug markets including
capsules, powder, crystals, tablets, and solutions, in addition to other injectable forms. Starting in the mid-1980s another increase in
the social-recreational use of ketamine was beginning to be linked
to various dance cultures, initially as an adulterant an added ingredient that can alter the effects of the drug.13
Due to the continued abuse of ketamine, in 1999 ketamine becomes a controlled substance in America.
1999: Time out magazine states that “ketamine is the new E”
though it was dismissed years earlier as just a fad.6
2000: Ketamine is regulated under Schedule 1 of Hong Kong
Chapter 134 of Dangerous Drugs Ordinance. It can only be used
legally by health professionals, for university research purposes, or
with a physician’s prescription.1
2003-2005: MixMag dance magazine reports show steady increase
in ketamine use year after year. Also DrugScope identifies it in its
survey as growing UK phenomena.14
2005: UK anecdotal information on bladder problems due to ketamine use. Later dismissed by health professionals as ketamine is
extremely safe in medical circles.
2006: Ketamine Class C drug in UK. Recreational use increases.
2007: In Hong Kong the first clinical reports of serious bladder
and kidney problems among daily ketamine street use are published.
2008: Isolated reports of serious bladder problems with users
across the UK. Reasons for this are still unknown as ketamine is
considered a safe drug in medical circles and has received thousands of clinical trials which demonstrate its efficacy and safety.
2009: Druglink magazine highlights that ketamine use is still increasing in the UK despite it being a Class C drug. Some services
are starting to also see an increase in injecting users as well as those
snorting the drug.
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2010: Estimated 90,000 ketamine users in the UK.
2011: Report released in the UK by Lancaster University stating
that ketamine can cause cystitis in human tissue.
2014: Use of ketamine has decreased from its peak in many parts
of the UK though there have been anecdotal reports that it is being mixed with mephedrone.14
More recently, ketamine has been introduced for sedation and general anesthesia, as well as an adjunct to treat refractory
unipolar major depressive disorder, posttraumatic stress disorder,
and acute suicidal ideation.15 Despite difficulty in determining its
prevalence, use is higher today than it was when first introduced.
General Characteristics

Dissociative anaesthetics are mainly characterized by good analgesia of superficial somatic parts, poor visceral analgesia and muscle
relaxation. Catalepsy is noticed with rigidity and partial extension
of limbs. The drug rapidly crosses the placental barrier and affect
foetus.16
Dissociative anaesthetics are contra-indicated in animals
with head trauma or space occupying lesion in the brain, corneal
ulcers and lacerations. In human dreams and emergence of hallucinations are the features of its use and so administration is
largely restricted to younger children. The other characteristics of
dissociative anaesthetics are increasing muscle tone, spontaneous
muscle movement (ocassionaly seizure), salivation, lacrimation,
and dose dependent cardiovascular effects.15
COMMON DISSOCIATIVE ANAESTHETICS

Many drugs can lead to a dissociative state causing sensory deprivation, hallucinations or trances, and can also affect the body’s dopamine and opioid system, leading to a feeling of euphoria.17 The
most commonly used dissociative drugs are:
Ketamine

Ketamine, or ketamine hydrochloride, is a non-barbiturate, rapidacting dissociative anesthetic used on both animals and humans; it
also has been used in human medicine for pediatric burn cases and
dentistry, and in experimental psychotherapy.18 Ketamine is a liquid
and the most potent ways of using it is by injecting intramuscularly
or intravenously. There is the risk of losing motor control before
injection is completed.19
Chemical Structure

Ketamine is 2-(o-chlorophenol)-2-(methylamino)-cyclohexanone
hydrochloride. Two optical isomers of ketamine exist due to an
asymmetric carbon. Most formulations contain the racemic mixture, but a purified S-ketamine formulation is available in some
countries. The positive (S) isomer produces more intense analgesia,
is metabolized more rapidly, and has a lower incidence of emergence reactions than the negative (R) isomer. Racemic ketamine is
Review | Volume 3 | Issue 1|

available as a 5% and 10% aqueous solution. It has a pH of 3.5-5.5
and is preserved by benzethonium chloride. Ketamine is a water
soluble phencyclidine derivative.20
Tiletamine

Tiletamine is also one of dissociative anesthetic and pharmacologically classified as an N-Methyl-D-Aspartate (NMDA) receptor
antagonist. It is related chemically to ketamine. Tiletamine hydrochloride exists as odorless white crystals. It is used in veterinary
medicine in the combination product “Telazol” or “Zoletil” (tiletamine/zolazepam, 50 mg/ml of each in 5 ml vial) as an injectable anesthetic for use in cats and dogs. It is sometimes used in
combination with xylazine (Rompun) to tranquilize large mammals
such as polar bears and wood bison. Telazol is mostly the only
commercially available tiletamine product in the world. It is contraindicated in patients (animals) with CNS signs, hyperthyroidism,
cardiac disease, pancreatic or renal disease, pregnancy, glaucoma,
or penetrating eye injuries.21
Chemical Structure

Tiletamine is 2-(ethylamino)-2-(2-thienyl)-cyclohexanone hydrochloride. Tiletamine/zolazepam combinations are available as a
white powder that is reconstituted with 5 ml of diluent. The final
concentrations of tiletamine and zolazepam depend on the product being used.22
MECHANISM OF ACTION OF DISSOCIATIVE ANAESTHETICS

The dissociative anesthetics act on NMDA, opioid, monoaminergic, and muscarinic receptors. Additionally, they interact with
voltage gated calcium channels. Interestingly, the dissociative do
not appear to interact with (Gamma-AminoButyric Acid)GABA
receptors as the other injectable anesthetics do. Ketamine and tiletamine are non-competitive antagonists at the NMDA receptor.
They bind to the phencyclidine-binding site, which prevents glutamate, an excitatory neurotransmitter, from binding. Prevention
of glutamate binding results in depression of the thalamocortical,
limbic, and reticular activating systems.22
Dissociatives have also been reported to have action at μ,
δ, and κ opioid receptors. Activity at the opioid receptors imparts
analgesic properties unlike other injectable anesthetics, although
the clinical significance of this action at clinically relevant doses is
debatable.11 ‘Additionally, the dissociatives’ interaction at monoaminergic receptors may also contribute to antinociception. Because
dissociative anesthesia is associated with anticholinergic symptoms
(emergence delirium, bronchodilation, and sympathomimetic actions), it is thought that these drugs have antagonist activity at
muscarinic receptors. However, many of these effects may also be
related to the sympathetic nervous system-stimulating effects of
ketamine and tiletamine.23
It also interacts with opioid receptors, monoamine, cholinergic, purinergic and adrenoreceptor systems as well as having
local anesthetic effects.24 Newly found mechanisms of action with
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newer clinical applications include:
I) NMDA receptor interaction with ketamine plays a role in the
opioid induced antihyperalgesic effects of ketamine.22
II) Subanesthetic doses of ketamine via NMDA receptor
blockade potentiate opioid analgesia.19
III) Ketamine also acts by suppressing the induction of no
synthase activity and protein expression so that enhance the
protection against sepsis process i.e. anti-inflammatory effect.25
IV) The hypnotic effects of ketamine are caused by a combination of immediate channel blockade of NMDA and hyperpolarization-activated cation channels.26
V) Its immediate analgesic effects are mediated predominantly
by a combination of opioid system sensitization and antinociception.27
VI) Ketamine also inhibits tumor necrosis factor-alpha and interleukin-6 gene expressions in macrophages.28
PHARMACOKINETICS OF DISSOCIATIVE ANAESTHETICS
Central Nervous System

The dissociative anaesthetics are similar to other injectable anesthetics in that they have a relatively rapid onset of action (especially when administered intravenously), have short duration, and
are highly lipophilic. Unlike other injectable anesthetics, the dissociative are also effective when administered intramuscularly (IM).
Peak plasma concentrations occur within 45-90 sec of IV administration and within 10 min following IM injection. The high lipid
solubility of the dissociative ensures that the blood–brain barrier
is crossed quickly, which establishes effective brain concentrations
of the drugs.23
In most species, metabolism of the dissociatives occurs
in the liver. Ketamine is demethylated by hepatic microsomal enzymes, producing the active metabolite norketamine. Eventually,
norketamine is hydroxylated and then conjugated to form watersoluble and inactive glucuronide metabolites that are excreted by
the kidney.11 This process differs in the cat, where ketamine is biotransformed to norketamine, which is excreted unchanged in the
urine. Dissociatives should be used with care in animals with significant hepatic and/or renal dysfunction as prolonged anesthetic
times may result.29
Tiletamine also undergoes hepatic metabolism and renal
excretion. Since tiletamine is only supplied with zolazepam, the
action of the benzodiazepine should also be discussed. In cats, the
duration of action of zolazepam is longer than that of tiletamine.
This means that the CNS effects of the benzodiazepine (sedation)
are present longer than those of tiletamine. In the dog, the reverse
is true; the duration of action of tiletamine is longer than zolazepam. This means that the effects of the dissociative are observed,
including muscle rigidity, sympathetic stimulation, and emergence
delirium.19
Pigs appear to have a slow, calm recovery from tiletamine/
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zolazepam combinations, while in horses an agitated recovery may
be seen if additional sedation is not provided. If significant plasma
levels of tiletamine are present, reversal of the benzodiazepine with
flumazenil may result in an anxious recovery.20 Ketamine is highly
lipid soluble and undergoes rapid breakdown and redistribution
to peripheral tissues. It is metabolized extensively in the liver by
N-demethylation and ring hydroxylation pathways. Norketamine
is the main metabolite and is one-third to one-fifth as potent as
ketamine as an anesthetic. Ketamine is excreted in urine and faeces
as norketamine and hydroxylated derivatives. It has a cumulative
effect. Gradual resistance builds up on repeated administration.30
Cardiovascular System

Ketamine has a direct negative cardiac inotropic effect, but it is
usually overcome by central sympathetic stimulation. Intravenous
administration of ketamine increases systemic and pulmonary arterial pressure, heart rate, cardiac output, myocardial oxygen requirements, and cardiac work. It is likely that these changes are the result
of direct stimulation of the CNS leading to increased sympathetic
nervous system outflow.31 Ketamine also inhibits32 norepinephrine
reuptake into postganglionic sympathetic nerve endings, leading to
an increased concentration of plasma catecholamines.33
Critically ill patients may respond to induction of anesthesia with ketamine with a decrease in systemic blood pressure
and cardiac output. The catecholamine stores and the sympathetic
nervous system’s compensatory mechanism may be exhausted, unveiling ketamine’s negative inotropic effects. While healthy animals
are usually tolerant of increased cardiac work, myocardial oxygen
requirements, and heart rate, ketamine should be used with caution in those animals that have severe cardiovascular disease (e.g.,
uncontrolled hypertension, cardiomyopathy, or heart failure), and
those that are already tachycardic and/or arrhythmic. Stimulation
of the cardiovascular system in these patients may not be desirable.21
Respiratory System

Unlike other injectable anesthetics, ketamine does not cause significant respiratory depression. Ventilatory responses to hypoxia
and carbon dioxide are maintained in animals receiving ketamine
as the sole anesthetic agent.34 When ketamine is administered with
other CNS depressants, significant respiratory depression can occur. Ketamine administration has been associated with an ‘apneustic’ respiratory pattern, characterized by a prolonged inspiratory
duration and relatively short expiratory time.35
Despite this altered respiratory pattern, carbon dioxide
levels and minute ventilation usually remain within normal limits.
Ketamine is a bronchial smooth muscle relaxant and causes bronchodilation and a decrease in airway resistance which makes it an
attractive choice when anesthetizing animals with asthma or obstructive airway diseases such as chronic obstructive pulmonary
disease.36
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Pharyngeal and laryngeal reflexes remain intact when
ketamine is used as the sole anesthetic agent. It should be noted,
however, that these reflexes are often uncoordinated and not protective. An endotracheal tube should always be placed to prevent
aspiration. Maintaining a secure airway is especially important because ketamine increases salivation and respiratory tract secretions
which can be reduced with the administration of an anticholinergic.37

through the oral mucosa. In particularly fractious cats, ketamine
can be sprayed into the mouth to effectively induce sedation and
facilitate the induction of anesthesia. Copious salivation usually
results due to the bitter taste and/or low pH of ketamine. α2Adrenergic receptor agonists, benzodiazepines, and/or acepromazine are commonly administered in combination with intramuscular ketamine. The combination of dexmedetomidine, ketamine,
and an opioid produces excellent chemical restraint/anesthesia,
muscle relaxation, and.42

Hepatic, Renal, Gastrointestinal Systems

Laboratory tests that indicate hepatic or renal function are not altered by the administration of dissociatives. Gastrointestinal motility is unchanged after the administration of ketamine in the dog.38
Muscle Tissue

Unlike some other injectable anaesthetics, dissociatives may cause
muscle rigidity and often spontaneous movement of the limbs,
trunk, and/or head soon following injection. Substantial increases
in intra ocular pressure (IOP) are seen after ketamine administration which may be a result of increased tone of the extraocular
muscles. Muscle relaxation can be improved with the co-administration of benzodiazepines or α2-adrenergic receptor agonists.38
Fetal/Neonatal Effects

Ketamine crosses the placenta and enters fetal circulation. In a
study conducted to evaluate the neurologic reflexes in puppies
born via cesarean section, anesthetic induction of the dam with
ketamine and midazolam which resulted in the most depression of
neurologic reflexes when compared with other injectable induction
drugs (chlorpromazine, thiopentone, midazolam and propofol).39
SPECIES-SPECIFIC EFFECTS
Canine

The dissociative anaesthetics can be administered either intravenously or intramuscularly to produce a range of effects from sedation to anesthesia. Induction of anesthesia with ketamine alone
can lead to muscle rigidity, spontaneous movement, and undesirable recoveries.40 Therefore, it is usually administered with a coinduction agent such as a benzodiazepine. Because tiletamine is
supplied as a combination with zolazepam, there is no need for
additional benzodiazepine for intravenous administration. Intramuscular ketamine or tiletamine/zolazepam combinations are frequently combined with a α2-adrenergic receptor agonist and an
opioid to produce excellent immobilization with muscle relaxation
and analgesia.41
Feline

The dissociatives have been used to produce a range of effects
from sedation to anesthesia in cats. These drugs can be administered intravenously or intramuscularly. Ketamine is also absorbed

Review | Volume 3 | Issue 1|

Equine

The dissociatives, particularly ketamine, are used extensively in
equine anesthesia. Intravenous administration of the dissociatives
rapidly and smoothly induces anesthesia provided that adequate
sedation has been achieved prior to their administration. If the
dissociatives are administered before adequate sedation has been
provided, excitement will occur. Some muscle rigidity and involuntary movement may still occur when ketamine is used; therefore it
is frequently combined with a co-induction agent such as a benzodiazepine, α2-adrenergic receptor agonist or.43
Anesthesia can be maintained by administering additional
intravenous doses of ketamine. These doses may be administered
as intermittent boluses or as a constant rate infusion. When used as
a constant rate infusion, ketamine is frequently combined with sedatives and analgesic agents (e.g., α2-adrenergic receptor agonists,
guaifenesin, and opioids) in a combination commonly referred to
as ‘triple drip’.44
Ruminant

The dissociatives can be used in ruminants to induce anesthesia.
Sedation and muscle relaxation are usually improved by the administration of an α2-adrenergic receptor agonist or benzodiazepine
prior to the administration of ketamine. Anesthesia can be maintained with a constant rate infusion of ketamine or by a combination of ketamine, guaifenesin, and xylazine. Subanesthetic doses of
ketamine (in combination with xylazine) have been administered
to calves to produce sedation prior to castration. This so-called
‘ketamine stun’ technique may be an efficacious and cost-effective
alternative or adjunct to local anesthesia for castration.44
Swine

The dissociatives have been used extensively in swine for chemical
restraint and anesthesia. Ketamine does not induce malignant hyperthermia in susceptible pigs, although its use in these animals has
been controversial. Similar to other species, ketamine as a sole anesthetic agent produces poor muscle relaxation so it is commonly
combined with azaperone, benzodiazepines and/or α2-adrenergic
receptor agonists for sedation and anesthesia. Tiletamine/zolazepam combinations are commonly reconstituted with 250 mg of
xylazine and 250 mg of ketamine and used as an injectable anesthetic in swine.45
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Clinical Use

ADVERSE EFFECTS

Ketamine is very widely used for anaesthesia and analgesia by the
veterinary profession. It is an essential anaesthetic for veterinary
use because it is the only injectable anaesthetic that is safe and well
tested in the full range of species that the veterinarian must treat.
This includes both small and large domestic animals, neonates of
pets and laboratory animals, large, wild and zoo animals. So it is
safely used by virtually every veterinary practice throughout Europe and the rest of the world.46

High doses of the drug can lead to respiratory depression severe
enough to cause death. Although it is invaluable drug it has many
adverse effects. The most prominent disadvantage of their use
is that, depending on dose, this class of drugs may cause CNS
arousal in some species (e.g., horse) leading to animal excitement
or frank convulsions.50 The others are summarized below in both
animals and humans.

Ketamine should be used cautiously in patients at increased seizure risk. The dealers sell the drug in liquid form. This
substance is odorless and tasteless, making it easy to slip into
drinks without being detected. The memory loss aspect of the
drug is why individuals use it in the commission of sexual assaults.
A victim can be drugged unknowingly, attacked and be completely
unaware of the attack afterward. For this reason, it is one of the
most commonly abused dissociative drugs.47
In humans, it can induce and maintain general anesthesia
before, during, and after surgery. For medical purposes, ketamine
is either injected into a muscle or given through an intravenous
(IV) line. It is considered safe as an anesthetic, because it does not
reduce blood pressure or lower the breathing rate. The fact that it
does not need an electricity supply, oxygen, or highly trained staff
which makes it a suitable option in less wealthy countries and in
disaster zones.48
Telazol® has been used extensively in exotic large animal
(large cats, pigs, and hoofstock) as a darting agent for immobilization. Telazol® comes as a powder and needs to be re-constituted with 5 ml solution of sterile water or other liquid solution
of choice (e.g., ketamine, xylazine). Following reconstitution with
sterile water, each ml of solution contains 100 mg of Telazol® (50
mg of tiletamine and 50 mg of zolazepam) per ml.49
Some of the use of common dissociative anaesthetics
and its dose are described below in table 1:

Table 1. Ketamine and Tiletamine Dosages in Various Species
Dose (Mg/Kg) and respective rout of administration
Species

26

Ketamine

Tiletamine/Zolazepum

Dog

5–10 IV

1 IV
3–6 IM

Cat

5–10 IV
5–15 IM

3-6IM
4-7IM
1–3 IV
(after adequate sedation with
appropriate sedatives)

Horse

2–2.2 IV
(after adequate
sedation)

Cattle

2–4 IV

2–4 IV

Pig

10 IM

6 IM

I. The increase in muscle tone produced by ketamine makes it
unsuitable for operations where muscle relaxation is needed.
II. It is not indicated in conditions like hypertension, schizophrenia and raised intraocular pressure.
III. Though ketamine well maintains the airway, some form of
airway compromise needing manipulation can occur.
IV. It produces dose dependent psychological manifestations
like emergence reactions, dreams, hallucinations and long‑term
psychotomimetic effects.
V. Ketamine has the potential to cause addiction.
VI. Ulcerative cystitis, secondary renal damage and hepatic failure can occur with high doses of oral ketamine.
VII. Frequent ketamine abuse can cause long standing memory
impairment.
VIII. Anesthetic concentrations of ketamine could exert antagonistic actions on both µ and k opioid receptors and hence
high doses of ketamine may not be an appropriate addition to
opioids.
IX. Epidural and spinal routes of administration of ketamine
are generally not recommended due to unclear toxicity issues.
X. High dose ketamine accentuates apoptosis in the newborn
brain of animals. Release of neurotoxic mediators may cause
neuronal apoptosis and consequent neuronal damage in humans.51
Others are both hypothermia and hyperthermia. Hypothermia is due to its effect on thermoregulatory centers, while
hyperthermia is due to increased muscle activity or hyperactive behavioral change.
COMPATIBLE DRUG COMBINATIONS OF DISSOCIATIVE
ANAESTHETICS

Ketamine is being used in various combinations in horses and
cattle to “stun” the animal to allow brief noxious procedures such
as castration or dehorning. Sometimes, drug combinations are
marketed to provide ready access to clinical benefits of two drugs
while attempting to minimize their individual disadvantages. The
combination improves the reliability of the sedative properties of
either drug used alone without adding extensively to further vital
organ depression (e.g., cardiopulmonary depression). Similarly the
pharmacological actions of tiletamine and zolazepam are complementary to each other with providing analgesia and immobilization from the former and providing muscle relaxation and tranquilization from later one. However, as a consequence of the fixed
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combination, a prolonged duration of effect may be an unwanted
result.52
Tiletamine/zolazepam powder (500 mg) has been reconstituted with xylazine (100 mg) and ketamine (400 mg) to form a
potent chemical restraint/anesthesia cocktail that can be administered intramuscularly. But care must be exercised when administering the drug combination since the overall volume is very small and
accurate measurement is important. Additionally, careful patient
monitoring to prevent profound hypothermia is required since
prolonged recovery may result due to low metabolism.53
The total dose required to induce anesthesia will be affected by premedication, the patient’s physical status, and route
of administration. Clinicians should evaluate patients carefully to
determine if the dosage needs to be altered. Depending on the
dose administered chemical immobilization to general anesthesia.

Onset of action occurs within 10 min of intramuscular injection.
Duration of anesthesia is dependent on the dose administered, but
usually longer following intramuscular injection due to the higher
overall dose.54
Reversal of the sedative/tranquilizer used in combination with the
dissociative should not occur until the effects of the dissociative
have waned. Early reversal of sedatives may lead to emergence
delirium and a rough recovery. Intravenous administration of ketamine plus a benzodiazepine or tiletamine/zolazepam combinations results in anesthetic induction in approximately 45-90s. Anesthetic duration of a single induction dose of ketamine/diazepam
or tiletamine/zolazepam combinations is approximately 20 min.
Recovery from IV dissociative administration is usually of good
quality, especially if other drugs (e.g., α2-adrenergic receptor agonists) are co-administered or anesthesia prolonged with inhalants.55

Table 2. Dosages of Ketamine When Used Alone or in Combination in Dogs
Agent
Ketamine
Alone
Acepromazine
Ketamine
Xylazine
Ketamine
Atropine
Xylazine
Ketamine

Dose mg/kg

Route

Duration
(minute)

Effect

10

IV

7-23

Short duration,
anesthesia inadequate
for surgery

0.2-10

IV

31-47

Clinical anesthesia,
less muscle rigidity

28-36

Surgical anesthesia,
muscle relaxation,
analgesia for
abdominal surgery

0.55–1.1 IM
2.2 IV
to effect

IV/IM

0.04
1.1
11

IV

Metomidine
Ketamine

0.04
5

IM

Diazapam
Ketamine

0.28
5.5

IV

17-35

Increased risk with
dogs with
cardiopulmonary
compromise

25-35

Longer muscle
relaxation and
recovery than
xylazine/ketamine

Table 3. Telazol® Dosages Alone or in Combination in Cats
Agent
Telazol
Alone
Acepromazine
Telazol
Telazol
Ketamine
Xylazine

Dose mg/kg

Route

Duration
(minute)

Effect

6–40
(average 12.8)

IM

40-70

Salivation, apneustic breathing

0.1
3.4 ± 1.09

IM

30-50

Adequate anesthesia for
castration

3.3
2.64
0.66

IM

34-52

Smooth induction and
recovery, excellent muscle
relaxation, good analgesia

Source: 57

Suitable induction for
Sighthounds

Source: 56 Note: IM = intramuscular; IV = intravenous

Table 4. Ketamine Dosages Alone or in Combination in Horses
Dose mg/kg

Route

Duration
(minute)

Effect

1.1
2.2

IV

12-35

Smooth induction and recovery, inadequate muscle relaxation

Xylazine Butorphanol Ketamine

1.1
0.1- 0.2
2.2

IV

18-36 depending
on breed

18–56 depending on breed

Acepromazine Methadone
Ketamine

0.04
0.04
2.0–2.5

IV

3-18

Muscle tremors

Guiafenesin Xylazine Ketamine

50
0.5
1.0

IV

120

Low blood pressure and hypoventilation

Methotrimeprazine Midazolam
Guaifenesin Ketamine

0.5
0.1
100
1.6

IV

Detomidine Butorphanol
Ketamine

0.02
0.04
2.2

IV

Agent
Xylazine Ketamine

Induction of anesthesia, smooth recovery

18-67

Smooth induction Smoother recoveryMuscle relaxation

Source: 57 Note: IM = intramuscular; IV = intravenous
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COMMON AND POSSIBLE COMPATIBLE COMBINATION IN
DIFFERENT ANIMAL SPECIES

Even though can be used alone based on circumstances, ketamine
and tiletamine can be used with various combinations of anaesthetics in veterinary clinical practice.
CONCLUSIONS AND RECCOMMENDATIONS

Dissociative anesthetic combinations are effective anesthetic induction regimens and can be used both to induce and maintain
anesthesia in surgical procedures of mild to moderate intensity
and short duration. Dissociative anesthesia resembles a cataleptic
state in which the patient does not appear to be asleep, but does
not respond to external stimuli. Ketamine and tiletemine are the
common drug of this group. These drugs are mainly characterized
by analgesia and superficial sleep with good somatic analgesia but
poor visceral analgesia and muscle relaxation. They are non-competitive antagonists at the NMDA receptor and prevent glutamate,
an excitatory neurotransmitter, from binding. Prevention of glutamate binding results in depression of the thalamocortical, limbic,
and reticular activating systems.
They are extensively used in domestic animals either
alone or in combination with other combatable drugs for different
purpose in safe manner with few complications. Although some
reviews and research findings are conducted regarding dissociative
anaesthetics and its combination with other compatible drugs in
veterinary clinical use, the information is highly scattered, not well
compiled and presented for commercialization. So depending on
the conclusion the following are recommended.
- Further review should be compiled and used for
commercialization.
- Further research should be conducted on combination of
dissociative with other combatable drugs.
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