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Abstract

Aim: To study the hematology and serum biochemistry parameters of Indian spectacled cobra (Naja naja) and Indian rat
snake (Ptyas mucosa) and to evaluate the differences in the same between captive and wild populations.

Materials and Methods: Animals were categorized into four groups, viz., wild Indian spectacled cobra (n=10), wild Indian
rat snakes (n=10), captive Indian spectacled cobra (n=10), and captive Indian rat snake (n=10). The snakes were restrained
with restraint tubes, and 2 ml of blood was collected from either heart or ventral coccygeal vein. Hematological examinations
were performed manually and serum biochemistry assays were performed on semi-automated clinical chemistry analyzer.

Results: The values of total erythrocyte count, packed cell volume, and hemoglobin were slightly low in captive spectacled
cobras and captive rat snakes compared to wild ones, whereas total leukocyte count was found to be slightly high in wild
spectacled cobras compared to captive ones. All the recorded values of biochemical and electrolyte analytes were found to
be well within expected range for snakes except for total protein and chloride levels in both the species which was slightly
above the expected range.

Conclusion: The hematology and serum biochemistry intervals of the two most common Indian snakes are presented here.
The data will be useful in routine health evaluations and aiding in better medical management of the species studied. Since
this study is the first to report complete hematologic and blood biochemical ranges for the study species, observations made

here can also be used as referral intervals for future use.
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Introduction

The class Reptilia includes more than 10,000
extant species, which are segregated into four major
orders. They are highly diverse, having biological and
physiological peculiarities that differ both between
and within major groups [1]. The Indian spectacled
cobra (Naja naja) is elapid native to the Indian sub-
continent which includes present day Nepal, Pakistan,
India, Bangladesh, and Sri Lanka. Its distribution
ranges from sea-level up to 2000 m (6560 ft) above
sea-level [2]. Indian rat snake (Ptyvas mucosa) is
a colubrid found throughout South and Southeast
Asia, from sea level up to 4000 m (13,120 ft). It is
one of the most common snakes found throughout
the country [3]. Both the species are often found in
highly urbanized areas and settlements in the country-
side, the attraction being the rodents commensal with
man. Because of this, they are commonly involved in
human-animal conflict. Cobras are usually killed or
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injured since they are venomous snakes. Indian rat
snakes are capable of growling whenever they are
threatened and more often than not; this snake is mis-
taken for animal such as the Indian spectacled cobra
and gets killed because of this.

Numerous cases are presented frequently to wild-
life veterinarians and wildlife rehabilitation centers
throughout India, with the resultant injuries from such
conflicts [4]. Captive populations of both the species
are also found in almost all the Indian zoos. To prevent
the predation and increase their chances of survival in
nature, reptiles have evolved to be stoic, mastering the
art of masking illness or disease, which makes them
a challenge to diagnose and treat [5]. Very often, they
require more than physical examination, a diagnostic
tool such as hemato-biochemical analysis of blood, to
arrive at a conclusive diagnosis [6]. In addition, with
the increasing recognition of new diseases in reptiles
and role of hematology and biochemistry investiga-
tions in diagnosing them, there is an urgent need to
develop the evidence-based studies of disease and
associated hematologic abnormalities in reptiles [7].

Without a doubt, one of the most useful inter-
pretations of hematology is the change in either num-
ber or morphology of erythrocytes and lymphocytes
that occur because of pathological conditions. Serum
biochemical analysis is an equally important tool in
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evaluating the health of wild and captive animals. They
help in understanding the functional ability of various
organs, act as markers in diagnosing a pathological
condition and in monitoring the psychological status of
the captive as well as free-ranging snakes [8]. To inter-
pret a laboratory report to be normal or abnormal, the
values expected to be obtained from healthy animals
(reference intervals) must be known first [9]. However,
there is an acute paucity of hemato-biochemical stud-
ies on native reptiles in India. Most of the reference
intervals available are from western countries, wherein
the samples are sourced from captive animals living in
altered environments that can significantly change the
hemato-biochemical values. Hence, this study was car-
ried out with an objective to establish reference inter-
vals of hematological and biochemical parameters for
two native snake species, the Indian spectacled cobra
(N. naja) and Indian rat snake (P. mucosa).

Materials and Methods

Ethical approval

Necessary permissions were procured from
Principle Chief Conservator of Forest (Wildlife),
Karnataka to carry out the work.

Study area and animals

The study was performed from August 2012 to
April 2013 in Bengaluru, India. The wild, rescued
Indian spectacled cobra (Group A1, n=10) and Indian
rat snakes (Group B1, n=0) were procured from var-
ious wildlife rescue agencies and volunteers in and
around Bengaluru, India, as soon as they were rescued
and captive Indian spectacled cobra (Group A2, n=10)
and Indian rat snake (Group B2, n=10) were procured
from Bannerghatta Biological Park, India. Before
being included in the study, each snake was subjected
to a thorough physical examination, implemented in
two parts: A hands-off examination and a hands-on
examination. The hands-off examination was per-
formed the first to get insight into snake’s general
health, which included visual observation of respira-
tion, behavior, and locomotion. During the hands-on
examination, body condition was evaluated by assess-
ment of epaxial muscles along with an estimation of
parameters such as weight, sex, length, nutrition sta-
tus, hydration, motility, and the presence of abnormal-
ities. Only those snakes which appeared to be healthy
and clinically stable based on above examinations,
activity level, and body condition evaluation were
selected for the study. Post blood collection, all the
snakes were housed individually in plastic containers
with hide boxes for 3 weeks to observe changes in
activity and behavior.

Blood collection and processing

The snakes were physically restrained with
restraint tubes by one or two helpers. Blood (2 ml)
was collected from either heart, or ventral coccy-
geal vein of the snakes depending on the size of ani-
mal. Snakes were placed in dorsal recumbency after

restraining, and location of heart was determined by
direct visualization of the beating heart or by manual
palpation. Once located, it was isolated with the index
finger and thumb. A 22-25 gauge needle attached to a
3 ml syringe was passed at approximately a 45° angle
into the ventricle to collect the blood. In the case of
larger snakes, the ventral coccygeal vein was used for
venipuncture, wherein a 22-25 gauge needle attached
to a 3 ml syringe was inserted along the ventral mid-
line at a 45° angle between 2 ventral horizontal scales
approximately 1/3 to 1/2 the distance from the vent.
Whenever a clear fluid or diluted blood sample was
obtained, the procedure was aborted and reattempted.
All the procedures were carried out as quickly as pos-
sible with utmost care to minimize stress on snakes.
Blood collection in rescued snakes was carried out
within 1 h of rescuing so as to minimize the impact
of capture stress on hematology and biochemistry
parameters.

After collection, each sample was divided into
a clot activator tube for serum biochemical analysis
(1.5 ml) and lithium heparin collection tube for a com-
plete blood count (0.5 ml). In addition, a direct smear
of fresh blood was also made to carry out leukocyte
differential counts. Whole blood sample collected
in clot activator tube was allowed to clot for 30 min
and later subjected to centrifugation at 3000 rpm for
30 min to separate serum. Both hematological and
biochemical parameters were analyzed within 30 min
of blood collection and serum separation, respectively.

Blood analysis

Total erythrocyte count (TEC) and total leuko-
cyte count (TLC) were determined with a 1:200 dilu-
tion of lithium heparin anticoagulated blood in Natt
and Herrick’s solution [10,11]. Hemoglobin (Hb)
was measured by cyanmethemoglobin method while
packed cell volume (PCV) was calculated by micro-
hematocrit method using capillary tube (3000 rpm for
30 min). Erythrocyte indices, namely mean corpuscu-
lar volume (MCV), mean corpuscular Hb (MCH), and
MCH concentration were calculated using TEC, PCV,
and Hb values. Each direct blood smear was stained
with Giemsa’s stain and a 100-cell leukocyte differ-
ential count was performed to categorize cells into
heterophils, monocytes, lymphocytes, eosinophils, or
basophils [6].

Serum biochemistry assays were performed on
semi-automated clinical chemistry analyzer (Labmate
10 Plus, Trivitron Healthcare Pvt. Ltd, Chennai,
India) using commercially available biochemical
kits (Transasia Bio-medicals Ltd. Himachal Pradesh,
India), calibrated with control reagents before sample
analysis. The analytes recorded included aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), creatine kinase
(CK), lactate dehydrogenase (LDH), blood urea nitro-
gen (BUN), creatinine (CRT), total protein (TP), and
albumin (Alb). Serum electrolyte essay was performed
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on a compact electrolyte analyzer (LABLYTE™,
Trivitron Healthcare Pvt. Ltd., Chennai) to analyze
potassium (K), chloride (Cl), and sodium (Na).

Statistical analysis

All recorded values were analyzed for statis-
tically significant difference (p<0.05) between the
mean values of each group (viz., Group Al and A2,
Group B1 and B2) by student unpaired t-test, assum-
ing unequal variance. All statistical analyses were per-
formed using Microsoft office Excel version 2007 and
results were interpreted as per standard procedures to
arrive at conclusion [12].

Results

Results of the hematology and serum biochem-
istry study in Indian spectacled cobra and Indian rat
snake are tabulated in Tables-1 and 2, respectively.
Quantity of blood collected (2 ml) from the individu-
als was sufficient to evaluate all the hematologic and
serum biochemistry parameters. The values of TEC,
PCV, and Hb were slightly low in captive spectacled
cobras and captive rat snakes compared to wild ones
and the TLC was found to be slightly high in wild spec-
tacled cobras compared to captive ones. However, the
differences in these values were statistically non-sig-
nificant. MCV was the only parameter wherein a stat-
ically significant variation (p<0.05) was seen between
wild and captive Indian spectacled cobras.

The variations in mean values of all the esti-
mated serum biochemistry and electrolyte parameters
between wild and captive snakes of both the species
were statistically non-significant. In addition, all the
recorded values of serum biochemical and electro-
lyte parameters were found to be well within normal
range for snakes except for TP and chloride levels in
both the species, which was slightly above the normal
established range for reptiles (viz.; 3-7 g/dL and 100-
130 mEq/L, respectively).

No notable change in activity and behavior
was observed in any of the snakes until 3 weeks post
blood collection. All wild snakes were released back
uneventfully, and captive snakes were shifted back to
their respective enclosures.

Discussion

As an evolutionary response to avoid preda-
tion, reptiles have evolved to be stoic. This particu-
larly makes them challenging to diagnose and treat.
Hematologic evaluation in reptiles has thus gained
increased importance in recent past as it can be used
as to detect an array of pathological conditions such
as anemia, inflammatory diseases, parasitemia, hema-
topoietic disorders, and hemostatic alterations [11].
Reptiles are reported to have lower TEC com-
pared to mammals and birds, ranging from 300,000
to 2,500,000 erythrocytes/uL. Their PCV and Hb

Table-1: Hematology and biochemistry values observed for wild and captive Indian spectacled cobra (N. naja) with

statistical data.

Parameter Unit N MeantSE t-test p value
Wild, rescued Indian spectacled cobra Captive Indian spectacled cobra
(Group A1) (Group A2)
TEC x108/ul 10 1.21+0.14 0.94+0.13 1.25 0.24
Hb g/dl 10 8.23+0.39 7.68+0.25 1.11  0.29
PCVv % 10 33.10+1.89 31.10+2.32 0.72 0.49
MCV fl 10 293.05+21.94 391.89+24.83 2.77 0.022
MCH pg 10 75.10+7.50 97.75+4.60 2.13 0.06
MCHC g/dl 10 25.49+1.64 25.52+1.14 0.02 0.98
TLC x103/pl 10 10.26+0.61 8.67+0.72 1.47 0.18
Heterophils % 10 45.60+4.05 48.70+3.02 0.70 0.50
Monocytes % 10 0.70+0.34 0.50+0.40 0.35 0.74
Lymphocytes % 10 52.30+4.00 49.10+3.07 0.65 0.53
Eosinophils % 10 0.30+0.21 0.30+0.21 0.00 1.00
Basophils % 10 1.20+0.79 1.40+0.60 0.19 0.86
LDH IU/L 10 212.70+£29.43 224.60+37.79 0.22 0.83
CK IU/L 10 192.70+£23.88 175.40+25.18 0.43 0.68
AST IU/L 10 27.10+3.58 26.50+3.16 0.12 0.91
ALT IU/L 10 4.70+0.73 5.70+0.83 0.88 0.40
ALP IU/L 10 113.10+£10.25 139.20+14.06 1.58 0.15
TP g/dl 10 8.30+0.48 7.87+0.23 0.69 0.51
Albumin g/dl 10 3.05+0.19 3.17+£0.08 0.55 0.60
CRT mg/dl 10 0.52+0.05 0.44+0.07 0.80 0.44
BUN mg/dl 10 3.08+0.49 3.49+0.44 0.62 0.55
Potassium mEg/L 10 5.18+0.37 4.69+0.28 0.91 0.38
Sodium mEqg/L 10 162.50+8.09 153.84+4.09 0.82 0.44
Chloride mEqg/L 10 133.12+3.75 136.58+2.43 0.70 0.50

aStatistically significant difference (p<0.05) was observed between the mean values of MCV between Group Al and
Group A2. TEC=Total erythrocyte count, Hb=Hemoglobin, PCV=Packed cell volume, MCV=Mean corpuscular volume,
MCH=Mean corpuscular hemoglobin, MCHC=Mean corpuscular hemoglobin concentration, TLC=Total leukocyte count,
LDH=Lactate dehydrogenase, CK: Creatine kinase, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase,
ALP=Alkaline phosphatase, TP=Total protein, CRT=Creatinine, BUN=Blood urea nitrogen, N. naja=Naja naja
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Table-2: Hematology and biochemistry values observed for wild and captive Indian rat snake (P. mucosa) with statistical

data.
Parameter Unit N MeantSE t-test p value
Wild, rescued Indian rat snake Captive Indian rat snake
(Group B1) (Group B2)

TEC x108/pl 10 0.89+0.10 0.88+0.10 0.02 0.98
Hb g/dl 10 7.95+0.27 8.22+0.44 0.50 0.63
PCV % 10 36.30+1.27 34.20+1.92 2.11 0.06
MCV Fl 10 444.19+36.47 433.50+54.59 0.14 0.89
MCH Pg 10 100.68+11.84 104.31+11.99 0.22 0.83
MCHC g/dl 10 22.18+1.15 24.84+2.32 1.21 0.26
TLC x103/pl 10 7.55+0.46 7.70+0.45 0.27 0.80
Heterophils % 10 48.10+3.94 48.00+3.74 0.02 0.99
Monocytes % 10 0.50+0.22 0.60+0.27 0.26 0.80
Lymphocytes % 10 50.20+3.87 50.40+4.07 0.03 0.98
Eosinophils % 10 0.20+£0.13 0.10+0.10 0.56 0.59
Basophils % 10 1.00+0.47 1.00+£0.52 0.00 1.00
LDH IU/L 10 199.70+40.18 289.20+44.57 1.36 0.21
CK IU/L 10 280.40+41.80 200.50+24.96 1.43 0.19
AST IU/L 10 77.80+13.25 72.40+14.07 0.24 0.82
ALT IU/L 10 8.70+1.10 8.10+1.27 0.49 0.63
ALP IU/L 10 111.20+£10.72 85.80+11.78 1.53 0.16
TP g/dl 10 8.24+0.30 7.65+0.36 1.21 0.26
Albumin g/dl 10 3.11+0.10 3.13+0.12 0.13 0.90
Creatinine mg/dl 10 0.39+0.08 0.45+0.06 0.53 0.61
BUN mg/dl 10 3.03+0.40 2.85+0.32 0.36 0.73
Potassium mEg/L 10 3.71+0.21 3.63£0.24 0.23 0.83
Sodium mEq/L 10 169.24+5.54 162.11+6.12 0.71 0.50
Chloride mEg/L 10 130.65+6.67 141.80+4.35 1.16 0.27

TEC=Total erythrocyte count, Hb=Hemoglobin, PCV=Packed cell volume, MCV=Mean corpuscular volume, MCH=Mean
corpuscular hemoglobin, MCHC=Mean corpuscular hemoglobin concentration, TLC=Total leukocyte count, LDH=Lactate
dehydrogenase, CK=Creatine kinase, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, ALP=Alkaline
phosphatase, TP=Total protein, CRT=Creatinine, BUN=Blood urea nitrogen, P. mucosa=Ptyas mucosa

ranges from 20% to 40% and 6 to 10 g/dL, respec-
tively [13-15]. Even though TEC, PCYV, and Hb were
slightly low in captive spectacled cobras and captive
rat snakes compared to wild ones, they were in agree-
ment with above findings. This variation observed
between captive and wild snakes within the species
may be attributed to extrinsic factors (season, tem-
perature, environmental conditions, husbandry, diet,
and living conditions) which are known to alter these
parameters [11].

As tabulated in Table-3, hematologic values for
Wild Indian spectacled cobra showed some similari-
ties as well as differences when compared available
values of other species of the genus Naja, namely
Monocled cobras (Naja kaouthia), Siamese spitting
cobras (Naja siamensis), and Golden spitting cobras
(Naja sumatrana) [16]. The comparisons made were
purely observational as statistical analyses were not
feasible. A notable difference was observed in het-
erophil percentage of spectacled cobra (45.60+4.05)
which was much higher than the reported values
for Monocled cobras, Siamese spitting cobras and
golden spitting cobras (4.4+1.0, 1.9£0.5 and 4.7+1.3).
However, heterophil values in this study were found
to be well within expected range for snakes [6,13].
Blood values for wild Indian rat snakes were not com-
pared to any species as pursue of literature yielded no
blood value reports from genus Ptyas.

The biochemical parameters are important to
understand the functional status of individual organs
and help understanding pathology of certain infec-
tious diseases. However, the reference values for
specific blood biochemical tests have been estab-
lished for only a few of the described reptilian spe-
cies [11,17,18]. Since environmental conditions, such
as temperature, season, geographic area, ecological
habitat, and wild versus captive status as well as
physiologic factors such as species, nutritional sta-
tus, reproductive status, gender, and age significantly
affect the blood analytes of reptiles; it is important
to have a region specific species referral interval that
can help in interpreting general health status of con-
cerned species [11,17].

Blood biochemical tests that appear to be most
useful in reptilian diagnostics are TP, albumin, glu-
cose, uric acid, AST, CK, and LDH. Normal reptilian
AST level is usually <250 IU/L. LDH value in reptil-
ian plasma is highly variable [19]. The AST and LDH
activities are high in the liver tissue of reptiles and
increase in their plasma activity may suggest hepato-
cellular disease [20]. The serum AST and LDH val-
ues observed in this study were well within the nor-
mal range for reptiles. Reptilian plasma ALT activity
is usually <20 IU/L and not considered to be organ
specific in reptiles [6]. The maximum plasma ALT
level observed in present studies was 11 and 13 IU/L
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Table-3: Comparison of hematologic values in snakes of genus Naja.

Parameter Unit Mean=SE

Wild Spectacled Monocellate Siamese spitting Golden spitting

cobras® (n=10) cobras?® (n=17) cobras® (n=12) cobras® (n=6)
TEC x106/pl 1.21+0.14 0.616+0.052 0.576+0.042 0.657+0.086
Hb g/dl 8.23+0.39 6.5+£0.4 6.9£0.6 4.8+0.7
PCV % 33.10+1.89 21.2+1.2 21.3+1.8 18.8+2.4
MCV fl 293.05+21.93 362.7+18.9 371.6+24.9 289.3+9.6
MCH pg 75.10+7.50 110.1+5.90 120.3+9.62 71.2+3.1
MCHC g/dl 25.49+1.64 30.5+0.7 32.3+1.5 24.8+1.7
TLC x103/pl 10.26+0.61 14.316+1.265 12.025+0.880 9.816+1.046
Heterophils % 45.60+4.05 4.4+1.0 1.9+0.5 4.7+1.3
Monocytes % 0.70+0.34 1.2+0.4 1.0+0.5 0+0
Lymphocytes % 52.30+4.00 66.9+4.4 71.8+3.5 69.2+4.1
Eosinophils % 0.30+0.21 1.1+0.08 1.4+0.3 0+0
Basophils % 1.20+0.77 0+0 0+0 0.2+0.2
Auzrophils % - 26.1+£3.7 25.2+3.5 26.0+4.5

aFrom Salkij et al. [17] TEC=Total erythrocyte count, Hb=Hemoglobin, PCV=Packed cell volume, MCV=Mean corpuscular

volume, MCH=Mean corpuscular hemoglobin, MCHC=Mean corpuscular hemoglobin concentration

for Indian spectacled cobra and Indian rat snake,
respectively.

The TP values observed in the present studies
were slightly above normal established range for
reptiles (3-7 g/dL). Studies suggest that TP above
7 g/dL is indicative of dehydration or chronic
inflammation [6]. However, snakes studied in pres-
ent work were apparently healthy, normally hydrated
and were in visibly good body condition. BUN and
CRT concentrations are generally poor indicators of
renal disease in reptiles as terrestrial reptiles primar-
ily being uricotelic, normal urea nitrogen concen-
tration in these species is <10 mg/dL. According to
earlier studies, even though CRT is a normal con-
stituent of the urine of mammals, amount formed
in most reptiles is negligible (<1 mg/dL) [6].
Observations made in present study correlate well
with above facts as BUN and CRT value for wild
as well as captive snakes of both species were <10
and <1 mg/dL, respectively. CK is considered to be
a muscle-specific enzyme and can be used to detect
muscle damage in reptiles. The maximum plasma
CK level observed in present studies was 329 and
560 IU/L for Indian spectacled cobra and Indian rat
snake, respectively. The values are highly variable
in reptiles ranging up to 1500 IU/L [21].

Electrolyte levels in an animal give insight on
various aspects such as hydration status, renal function,
vitamin deficiencies, or various underlying diseases.
Studies indicate that normal sodium level in reptiles
ranges from 120 to 170 mEq/L and chloride level var-
ies from 100 to 130 mEq/L [6,22]. The normal potas-
sium level in snakes ranges from 3 to 6 mEq/L [23].
Chloride levels observed in this study were slightly
higher than the normal range for reptiles. However,
chloride concentration evaluation has no much sig-
nificance in reptiles as it does not provide any clini-
cally useful information [6]. The serum sodium and
potassium values observed in present work were well
within above-mentioned range for reptiles.

Conclusion

The hematology and serum biochemistry inter-
vals of the two most common Indian snakes have
been presented here. The data will be useful in routine
health evaluations, aiding in better medical manage-
ment of the species studied. Since this study is the first
to report complete hematologic and blood biochem-
ical ranges for the study species, observations made
here can also be used as referral intervals for future
use.

Authors’ Contributions

SKM and MNB conceived and designed the
work. SKM conducted the experiment and anal-
ysis. Both SKM and MNB wrote and revised the
manuscript. All authors read and approved the final
manuscript.

Acknowledgments

The authors are thankful to Sri Chamarajendra
Zoological Gardens, Mysore and Zoo Authority
of Karnataka, Mysore for funding the research.
The authors are also thankful to PCCF (Wildlife),
Karnataka Forest Department for necessary permits.
The authors thank Prof. S. Yathiraj, Dean, Veterinary
College, Bengaluru, for unconditional support pro-
vided during the research. We thank our colleagues
Dr. Karthik Manjunath and Dr. Yashasvi Naravi who
provided critical inputs as well as technical assistance,
that greatly improved the research.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Pincheira-Donoso, D., Bauer, A.M., Meiri, S. and Uetz, P.
(2013) Global taxonomic diversity of living reptiles. PLoS
One, 8(3): €59741.

2. Whitaker, R. and Captain, A. (2004) Spectacled cobra Naja
naja. In: Snakes of India: The Field Guide. Draco Books,

Veterinary World, EISSN: 2231-0916

913



Available at www.veterinaryworld.org/Vol.9/August-2016/19.pdf

10.

11.

12.

13.

Chennai. p304.
Whitaker, R. and Captain, A. (2004) Indian Rat Snake Ptyas

Parsons, T.S., editors. Biology of the Reptilia. Academic
Press, New York. p1-72.

mucosa.In: Snakes of India: The Field Guide. Draco Books, 14.  Frye, F.L., editor. (1991) Hematology as Applied to Clinical
Chennai. p114. Reptile Medicine Reptile Care, an Atlas of Diseases and
Muliya, S.K. (2013) Studies on Normal Heamatology, Treatments. Vol. 1. TFH Publishing Publications, Neptune
Biochemistry and Medical Management of Injured City. p209-279.
Spectacled Cobra (Naja naja) and Indian Rat Snake (Ptyas 15. Sypik, J. and Borysenko, M. (1988) Reptiles. In:
mucosa). Masters Dissertation Submitted to KVAFSU, Rowley, A.F. and Ratcliffe, N.A., editors. Vertebrate Blood
Bidar. Cells. Cambridge University Press, Cambridge. p211-256.
Mitchell, M.A. (2009) Snakes. In: Mitchell, M.A. and 16.  Salakij, C., Salakij, J. and Chanhome, L. (2002) Comparative
Tully, T.N., editors. Manual of Exotic Pet Practice. Saunders hematology, morphology and ultrastructure of blood cells in
Elsevier, Missouri. p145-150. monocellate cobra (Naja kaouthia), Siamese spitting cobra
Campbell, T.W. (2005) Clinical pathology. In: Mader, D.R., (Naja siamensis) and golden spitting cobra (Naja suma-
editor. Reptile Medicine and Surgery. 2" ed. WB Saunders trana). Kasetsart. J. Nat. Sci., 36: 291-300.
Co., Philadelphia, PA. p453-470. 17.  Stacy, B.A. and Whitakar, N. (2000) Hematology and blood
Stacy, N.I., Alleman, A.R. and Sayler, K.A. (2011) biochemistry of captive mugger crocodiles (Crocodylus
Diagnostic hematology of reptiles. Clin. Lab. Med., palustris). J. Zoo. Wildl. Med., 31: 339-347.
31(1): 87-108. 18.  Vasaruchapong, T., Disarapong, P., Chulasugandha, P.,
Karthik, M. (2013) Comparative Studies of Sevoflurane and Khow, O., Chanhome, L., Chiobamroongkiat, M.,
Isoflurane Anaesthesia in Russell’s Viper (Daboia russelit) Chaiyabutr, N. and Sitprija, V. (2014) Comparative stud-
Snakes. Masters Dissertation Submitted to KVAFSU, Bidar. ies on hematological and plasma biochemical parameters
Weiser, G. and Allison, R.W. (2012) Perspectives in lab- in different types of venomous snakes in Thailand. Comp.
oratory data interpretation and disease diagnosis. In: Clin. Pathol., 23: 955-959.
Thrall, M.A., Weiser, G., Allison, R.W. and Campbell, T.W., 19.  Chiodini, R.J. and Sundberg, J.P. (1982) Blood chemical
editors. Veterinary Hematology and Clinical Chemistry. values of the common boa constrictor (Constrictor constric-
2" ed. John Wiley & Sons, New Jersey. p40-50. tor). Am. J. Vet. Res., 43: 1701-1702.
Natt, M.P. and Herrick, C.A. (1952) A new blood diluent 20. Boyd, J.W. (1988) Serum enzymes in the diagnosis of dis-
for counting the erythrocytes and leucocytes of the chicken. eases in man and animals. J. Comp. Pathol., 98: 381-404.
Poult. Sci., 31: 735-738. 21.  Centini, R. and Klaphake, E. (2002) Hematologic val-
Campbell, T.W. (2012) Perspectives in laboratory data ues and cytology in a population of captive jungle car-
interpretation and disease diagnosis. In: Thrall, M.A., pet pythons, Morelia spilota chegnei. Proceedings of the
Weiser, G., Allison, R.'W. and Campbell, T.W., editors. Association of Reptilian and Amphibian Veterinarians,
Veterinary Hematology and Clinical Chemistry. 2" ed. John USA. p107-111.
Wiley & Sons, New Jersey. p277-297. 22.  Coulson, R.A. and Henandez, T. (1971) Reptiles as research
Snedecor, G.W. and Cochran, W.B. (1996) In: Statistical models for comparative biochemistry and endocrinology.
methods. 6" ed. Oxford and IBH Publishing, New Delhi. J. Am. Vet. Med. Assoc., 159: 1672-1677.
p138-169. 23.  Stein, G. (1996) Hematologic and blood chemistry values
Dessauer, H.C. (1970) Blood chemistry of reptiles: in reptiles. In: Mader, D.R., editor. Reptile Medicine and
Physiological and evolutionary aspects. In: Gans, C. and Surgery. WB Saunders Co., Philadelphia, PA. p473-483.
seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

914




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


