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SUMMARY

The appropriate location for collecting cerebro
:’.spmal fluid (CSF) from the dlomedary camel was
descnbed and lhe reference. rangc of cytolomcal
and blochemlcal consmuenls of CSF were delcx-
:mmed in 25 chmcally normal adu]t camels and
compared with the correspondmg serum. Camel
CSF is colorless with similar viscosity to water.
: maximum normal of RBCs ‘and WBCs were

il and 9 ccllqlul respcctlvely Significant dif-
ferences were found in the biochemical values
between the CSF and serum. These included total
protein (TP), albumin, globulin, glucose, alkaline
(ALP),
(LDH) creatine kinase (CK), glutamic pyxuvxc

phosphatase laétute dehydrogénusc

transammasc (GPT), and glulamnc oxaloacetlc |

uansammase (GOT) In addition, there was sig-
mf:cant difference belwcen the CSF and serum in

the leve[s of calctum

21
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INTRODUCTION

Determination of cerebrospinal fluid (CSF) con-
stituents is valuable for diagnosis of neurologic
diseases in humans and animals. In humans, nor-
mal values for CSF have been compared with the
abnormal values obtained from individuals with
neurologic  discases (Kjeldsberg and Knight,
1993; Ravel, 1995). Normal values for CSF have
also been reported in horses (Mayhew et al, 1977;
Mayhew et al, 1978, Andrews et al, 1990; Furr
and Bender, 1994), cattle (Scott et al, 1990;
Welles et al, 1992) buffaloes (Lal and Verma,
1979), llamas (Welles et al, 1994), goats (Smith,

1982; Swaroop et al, 1988 ), sheep (Beal and
Bllgh [977; Scoane, 1981), dogs (Wright, 1978:

Jamison et al, 1988), and cats (Rand et al, 1990).
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The compositions of CSF obtained from animals
with various neurologic and. non-neurologic dis-
cases have also been determined, and compared
with the reference normal values (Gorgacz et al,
1971; Bijleveld and Binkhorstm 1973; Vande-
velde et al, 1977; Bailey and Higgins, 1986; Sor-
jonen, 1987; Tvedten, 1987; Scott et al, 1990; Sa-
rode et al, 1992; Patra et al, 1993).

The objective of the present study was to describe
the appropriate location for collecting CSF from
the dromedary camel and to provide reference
range of ‘cytological and biochemical value: o
the CSF in clinically healthy adult female <
dary camels and compare these values

corresponding serum levels.
MATERIALS AND METHOD®

Camels

Twenty five adult clinically healthy female cam-
els aged between 6-9 years were used in this
study. - Body tempériature, respiratory rate, heart
rate, craniabhervésfuhgtion; gait, and locomotion
were assessed priot4pESE collection.

€05 19 ewol, - 27

CSF collectionoz?" e

CSF samples were collected under general anes-
thesia from the atlanto-occipital space using 18 or
16-gauge 3.5 inches disposable spinal needles
(Becton, Dickinson & Co, Franklin Lakes, NI,
USA). Xylazine (0.1 mg/kg IV) was first injected

for sedation and followed by general anesthesia

232

with ketamine (2 mg/kg IV). Each camel was
placed on the lateral recumbency and the hair wag
clipped over the poll and neck from between the
ears to 4 inches caudally and approximately 2
inches on either side of the mane, and the area
was aseptically prepared for the aspiration of
CSF. The neck was flexed toward the sternum
and the site of puncture was determined by locat-
ing a region just caudal to the point of intersection
of an imaginary line drawn at right angles be-
tween the caudal border of the occipital bone and
4ol midline of the neck (Figure 1). Approxi-
izl 5-10 ml of CSF were withdrawn and im-

e 2iely placed in a clean sterilized tube.

“ood samples were collected from the jugular
vein immediately after collecting the CSF sample
snd transferred to plain vacutainer tubes. They
were centrifuged at 3000 rpm for 10 minutes to

obtain serum.

Laboratory analysis

CSF samples were immediately transferred to the
laboratory. Red and white blood cells counts were
determined using hemocytometer, The remainder
of each CSF sample was centrifuged at 3000 rpm
for 10 minutes and the supernatant was used for
biochemical analysis. Smears were taken from the
sediment on slides, and after air drying, stained
with Wright Giemsa stain, The stained slides were
used to determine. the differential WBCs. The
concentrations of total protein, albumin, globulin,

glucose, calcium, and enzymes including lactate
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The appropriate ; locatton for col]cctlng celeblo-
5pma] fluid (CSF) from the dromcdary camel was
.dESCl‘led and the reference. range of cytolooncal

dﬂd blochemlcal constltuents of t(Is:lérj\)\;elc: deter-
mined in 25 chmcally norfnal ;dult cqméls and
compared with the corresponding serum Camel
CSF is colorless with similar }v15c051ty to water.
‘Thc maximum normal of RBCs and V\'/erCs'w'ere
141 and 9 cells/ul, rcspcctlvcly Slgmf[cant dif-
‘ferences were found in the blochemlcal values
;bctween the CSF and serum. These mcluded total
Lpto[cm (TP), albumin, globuhn gluccj)se Jlkalmc
(ALP),

‘('LDH) creatine kina’se (CK) glutamic pyruvic

phospha_tasc - lactate dehydl‘ogelmsc

-
Keywords: Cerebrospinal fluid, Serum, Cytolog-

ical, Biochemical, Camels

INTRODUCTION

Determination of cerebrospinal fluid (CSF) con-
stituents is valuable for diagnosis of neurologic

diseases in humans and animals. In humans,.nor-

“mal values for CSF have been:compared with the

‘tranSdmlnase (GPT) dnd glutamlc oxaloaceuc

' R T
'transclmmase (GOT) In addmon there was sig-

) mﬁcant dlfference between the CSF and serum in

Tthe leve[s of calcmm '

sheand A
Tz

UH

abnormal“values obtained from individuals with
neurologic  diseases  (Kjeldsberg and Knight,
1993¢ Ravel, 1995). Normal values for CSF have
also been reported in horses (Mayhew et al, 1977,
Mayhew et al, 1978, Andrews ct al, 1990; Furr
1994), cattle (Scott etal, 1990;
Welles et al, 1992y buffaloes (Lal and {/g;ma,
1979), llamas (Welles et al, 1994), goats (Smith,
’1982; ' Swaroop et al, 1988 ), sheep (Beal and

and Bender,

“Bligh, 1977; Scoane,” 1981), dogs (Wright, 1978;
iJamison et al, 1988), and cats (Rand et al, 1990).

w3, 2y
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Ihe compesitions of CSE obtained from smimsle
with vanous nevrolopic snd non hearologic dis-
coscs hve nlso been determined, and cormparcd
with the reference normal values (Gorgacz ¢t al,
1971. Bijleveld and Binkhorstm 1973; Vande-
velde e al, 1977; Bailey. and Higgins, 1986; Sor-
jonen, 1987; Tvedien, 1987; Scott et al, 1990; Sa-
rode et al, 1992; Patra et al, 1993),

The objective of the present study was to describe
the appropriate location for collecting CSF from
the dromedary camel and to provide reference
range of cytological and biochemical values of
the CSF in clinically healthy adult female drome-
dary camels and compare these values with the

corresponding serum levels,

MATERIALS AND METHODS

Camels

Twenty five adult clinically healthy female cam-
cls aged between 6-9 years were used in this
study. Body temperature, respiratory rate, heart
rate, cranial nerve function, gait, and locomotion

were assessed prior to CSF collection.

CSF collection R

CSF samples were collected under general anes-
thesia from the atlanto-occipital space using |8 or
16-gauge 3.5 inches disposable spinal needles
(Becton, Dickinson & Co, Franklin Lakes, NJ,
USA). Xylazine (0.1 mg/kg IV) was first injected

for sedation and followed by general anesthesia
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with ketamine (2wl IV). Fach camel wag
placed on the lateral recumbency and the hair way
clipped over the poll and reck from between the
cars 10 4 inches caudally and approximately 2
inches on either side of the mane, and the arey
was aseptically prepared for the aspiration of
CSF.

and the site of puncture was determined by locar.

The neck was flexed toward the sternum,

ing a region just caudal to the point of intersection
of an imaginary linc drawn at right angles be.
tween the caudal border of the occipital bone ang
dorsal midline of the neck (Figure 1). Approxi-
mately 5-10 ml of CSF were withdrawn and im.

mediately placed in a clean sterilized tube.

Blood samples were collected from the jugular
vein immediately after collecting the CSF sampie
and transferred to plain vacutainer tubes. They
were centrifuged at 3000 rpm for 10 minutes 1

obtain serum.

Laboratory analysis

CSF samples were immediatcly transferred to the
laboratory. Red and white blood cells counts were
determined using hemocytometer. The remainder
of each CSF sample was centrifuged at 3000 rpm
for 10 minutes and the supernatant was used for |
biochemical analysis. Smears were taken from the
sediment on slides, and after air drying, stained
with Wright Giemsa stain. The stained slides were
used to determine the differential WBCs. The
concentrations of total protein, albumin, globulin

1

glucose, calcium, and enzymes including lactate
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dehydrogenase (LDH), creatine kinase: (CK), al-
kaline  phosphatase ' (ALP), glutamic pyruvic

transaminase (GPT), and glutamic ' oxaloacetic

e

transaminase (GOT) in both CSF and serum sam-

plcé were determined byﬁn_*Aulomqled chemical
ar‘w'ly_zer (BM/HITACHI 902). The concentrations
of sodium and potassium were measured by using
the flame photometry (Flame photometer, Onta-

rio, Canada).

Statistical analysis
Meéan, SD, median, maximum and minimum val-
ues, and 95% confidence intervals of the mean

wqrg_‘czil_‘cfl]ated for all measured CSF and serum

variables. Analysis of variance (ANOVA) was
used to determine the differences in the depen-

dent variables between CSF and serum samples,

“and the significance level was set at P< 0.05.

RESULTS

Normal camel CSF is clear, colorless, with ap-
proximately the same viscosity of water. The
sun{rﬁary of CSF cytology results is shown in Ta-
ble I, whereas the summary of biochemical con-

stituents of both CSF and serum is shown in Ta-

ble II.

& '.Table (I): Cytology of normal CSF obtained from healthy camels

Variable Mean + SD Min Max 95% Cl
RBCscellsiul | 64.61 +33.97 20 141 48.92 - 80.30
" 'WBCs cells/ul 372 +2.96 0 9 92.35 - 5.09
Neutro % 1264 +17.15 0 | 4444 4.71-2056
Neutro number 0.83 +1.29 0 4 0.24-1.43
Lymph % 58.57 +33.27 0 100 43.20-73.94
Lymphnumber |  2.28 4 149 0 4 1,59 - 2.97
Mono % 11.24 41425 0 50 6.58 - 17.82
Mono number 0.56 +0.61 0 2 0.27-0.84
Eosino % 0.94 +4.0 0 17 0-2.80
Eosino number 0.06 +0.24 0 | 0-0.16

( :l,.]..GiZiLVUI,54.NO..2(2006)
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oo and CSF of camels,

Table (11): The levels of biochemical compositions in both
[ Variable Mean ¢ SD Median Min Max 95% Cl
- CITP:
serum (g/dl) 6.53 1+ 0.40* 6.47 5.92 7.25 6.35,6.72
CSF (mg/dl) 54.70 +13.10 55.65 30.5 77.20 48.65, 60.75
Albumin:
serum (g/dl) 349 +0.36* 3.37 3.15 431 3.31,3.65
CSF (mg/dl) 22.53 +6.46 23.15 11.30 33.90 19.55,25.52
Albumin Quota 0.64 £0.15 0.69 00.34 0.82 0.57-0.71
Globulin:
serum (g/dl) 2.87 +£0.22* 2.90 242 3.25 2.76,2.97
CSF (mg/dl) 15.77 £2.97 16.30 10.50 20.6 14.39,17.14
Glucose: .
serum (mg/dl) 93.94 +13.09* 9¢ 72 116 9087.90, 99.99
CSF (mg/dl) 61.67 +17.12 55 40 90 53.76, 69.58
T —
ALP:
serum (IU) 54.28 +8.03* 67 48 76 60.57, 67.99
CSF (IU) 9.11 +8.44 6.5 1 30 5.22,13.01
T~
LDH:
serum (IU) 355.38 +90.92* 360.5 215 562
CSF (IU) 15.77 +4.44 16.80 ° 8,97 23.04 13.73, 1783
T —
CK:
serum (IU) 72.89 +10.57* 74 54 89 68.00, 71.77
CSF (IU) 11.59 +5.41 12.55 1.65 21.02 9.09-14.09
o
GPT:
serum (IU) 10.88 +2.85% 10 7 16 9.57, 122)
CSF (1U) 5.11 +4.86 4 0 17 2.87,7.36
GOT:
serum (IU) 66.56 + 11.38* 63 52 86 61.30, 718
CSF (IU) 6.06 +3.90 5 1 16 4.25-786
Calcium:
serum (mg/dl) 8.69 + 0.50* 8.52 8.13 0.74 8.46,8.93
CSF  (mg/dl) 4.26 +0.61 4.20 3.30 5.30 397-454
Sodium: B |
serum (mmol/l) 151.33 +£3.36 150 148 159 149.78, 1528
CSF  (mmol/l) 153.17 +£'.47 153 151 156 152.49, 1538
Potasium: 1
serum (mmol/l) 4.52 +0.62 451 34 53 4.23,4.80
3.32 £0.13 33 3.2 3.6 3.26—3.38

* Indicates statistically significant difference (P < 0.05).
Vet.Med.J.,Giza.Vol.54,N0.2(2006)
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Fig. 1. A. The site of collecting CSF from camels. B. A radiograph of the skuli

showing the needle in the appropriate region.

DISCUSSION

CSF collection from dromedary camels was not
difficult, and it can be routinely performed in the
anesthetized camels suspected of neurologic dis-
eases. In all camels, recovery was smooth with-
out complications. In the present study, the hemo-
cyltometer was used to determine CSF cell counts.
It has been reported that the determination of
CSF cell counts (RBCs & WBCs) and differential
cell count should be performed manually and an
electronic cell counters should not be used be-

cause their precision is poor in determining the

Vet.Med.J.,Giza.Vol.54,No.2(2006)

normal ranges (Kjeldsberg and Knight, 1993). It
is assurned that ihe RBCs content of CSF is zero
unless hemorrhage occurs. However, few num-
bers of RBCs were observed in all samples. This
probably occurred as a result to traumatic tapping
when collecting the CSF. Traumatic puncture and
pathologic hemorrhage can be differentiated by
centrifuging a CSF sample. If the red blood cells
disappear in the pellet leaving a clear colorless
fluid, this indicates that the hemorrhage is due to
needle pur;cture. Meanwhile, if there is a clear
sample of CSF with a dark yellow or pale amber

color (xanthochromic), this likely represents
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previous hemorthage which might be an indica-
tion of prolonged and low-grade hemorrhage or
massive hemorrhage at some time prior'lo aspira-
tion of the CSF. In the present study, the hemor-
rhage occurred in the CSF samples was caused by
ncedle puncture. A more recent sensitive and spe-
cific test has been described to differe‘nliatc the
pathologic hemorrhage from traumatic puncture
(Lang et al., 1990). In this test, a commercial la-
tex agglutination immunoassay is used to meas-
ure the levels of a cross-linked fibrin derivative
D-dimer which is usually present in CSF samples
from patients with pathologic hemorrhage and
not in CSF specimens associated with traumatic

tap (Lang et al, 1990).

WBC counts of camel CSF were found to be as
high as 9 cells/ul (3.72 ( 2.96 celis/ul). This value
is similar to what was reported in cattle (Welles
et al, 1992) and larger than the reported values of
adult humans (Ravel, 1995) and other species
(Welles et al, 1994; Mayhew et al, 1978; May-
hew et al, 1977; Jamison et al, 1988, Rand et al,
1990).

than the reference values of human newborns

On the other hand, this value is lower

(Ravel, 1995). Differential leukocyte percentages

in the CSF collected from camels showed that the

-= lymphocytes (58.57 ( 33.27) were the predomi-

= .nant followed by the neutrophils (12.64 ( 17.15)
««..-and the monocytes (11.24 ( 14.25). Such values
. were similar to those reported for llamas (Walles

et al, 1994). A significant positive correlation ( P

< 0.05) was found between the amount of blood

‘e

236

.

.

{
)
&

~a%
¥

T e
contamination and the number of neutrophils i',
camel CSF samples. This was similar to why
was reported in llamas (Walles et al., 1994$,
However, this study showed that the percentage
of neutrophils in camels CSF was lower thay

what Walles et al. (1994) reported in llamas;

This may be due to species differs or levels of

blood contamination. An eosinophil was found i
only one sample of CSF. Blood contaminatiop
was thought to be the source of this eosinophili
Basophils were not found in thc CSF. There is ng
general agreement as to what ¢ - stitutes the nor:;
mal upper limit for polymor
cytes (PMNs) in CSF. In hur
consider 7% to 8% PMNs as
total WBCs is normal (Krie:

anuclear leuko{
, some worker§
sal limits if lh?
1d Kjeldsberg,
1991). Others consider more i.: ; 2% PMNs as
abnormal unless the peripheral b .od PMN count

is abnormally high (Hayward and Oye, 1988).

CSF protein is derived mostly from plasma. It has
been reported that prealbumin, transferring, and
small quantities of nerve tissue-specific proteins
are the major qualitative differences between
CSF and plasma proteins of humans (Kjeldsberg
and Knight, 1993). The concentration of total
protein in camel CSF was found to be higher than
those of cattle (Welles et al, 1992), goats (Altman
and Dittmer, 1974), pigs (Altman and Dittmer
1974), llamas (Welles ot al, 1994), and dogs
(Wright, 1978; Sorjonen et al, 1981), and lower
than human values (Ravel, 1995) and horsey
(Furr et al, 1994; Andrews et al, 1990; Mayhew

Vet,Med.J.,Giza.Vol.54,No.2(2006)

CamScanner = Wgs d> guadll


https://v3.camscanner.com/user/download

et al, 1978). Other reports showed that adult hu-
mans and horses have less CSF TP than camels
(Ravcl, 1995; Mayhew et al, 1977). This is may-
be due to various factors such as the different

Je d
measurement method used, the different age and

net

gender of camels used in both studies. The effects
of fﬁcusuring method used, age, and gender are
considered important variables that can affect
normal values of CSF TP (Tibbling et al, 1977;
Breebaart et al, 1978; Kjeldsberg and Knight,
1993). In addition, the amount of CSF contami-
nated with blood as a result of traumatic tapping
is thought to be a common cause of increased
CSF TP (Kjeldsberg and Knight, 1993). It has
been reported that the rise in the levels of human
CSF TP was about 400 mg/dL when 1 ml of CSF
is contaminated with 0.1 ml of blood (Krieg and
Kjeldsberg, 199 lr). However in our study, no cor-
rélalion was observed bétween blood contamina-
(ion"aqd total protein concentration in CSF. On
thé'(.)lh;é/r' side, there was a positive correlation in
th;é TP concentration between the CSF and serum
proteins. This study showed that the CSF normal-
ly contains less than 1% of the amount of protein
present in serum. Similar result has been report-
ed in humans (Kjeldsberg and Knight, 1993). In
this s‘[udy, albumin concentration represented ap-
proxiinalcly 23 % of the total protein in CSF.
This is slightly higher than what was reported in
llamas (Welles, 1994) and pigs (Altman, 1974),
cattle (Welles, 1992), and significantly higher
lﬁ.ﬁﬁv v:/:hat was reported in dogs (Sorjonen et al,
1981) and cats (Hochwald et al, 1969), The con-

Vet,Med.J.,Giza,Vol.54,No.2(2006)

centration of albumin in camel CSF was found to
be less than that of horses (Andrews, 1990).
There was a positive correlation between the con-
centration of TP and albumin in camels CSF. In
this study, albumin quotient was higher than what
was reported for Ilamas (Walles, 1994), cattle
(Walles, 1992), and dogs (Sorjonen, 1987), and
lower that of horses (Andrews, 1990). Albumin
quotient has been used to assess the function of
blood-brain barrier. In general, the blood-brain
barrier is altered when the levels of albumin quo-
tient is > 2.35 (Duncan et al, 1994). The concen-
tration of globulin in CSF of camels was close to
that reported for dogs (Sorjonen et al, 1981), but
less than that for llamas (Welles et al, 1994) and
horses (Fankhauser, 1962). The level of globulin
in CSF of camels was significantly lower than its
concentration in serum. The concentrations of
globulin in CSF represented approximately

0.55% of its concentration in serum.

The CSF glucose corncentration is dependent on
its level in the blood as it is derived entirely from
plasma. In camels, the concentration of CSF glu-
cose was close to what was reported in llamas
(Welles, 1994), goats (Altman and Dittmer, 1974)
and horses (Mayhew et al, 1977); higher than its
value in humans (Ravel, 1995) and cattle (Welles
et al, 1992); lower than its value in dogs (Wright,
1978) and cats (Fankhauser, 1962). The present
study showed that there was a fluctuation be-
tween the CSF and serum glucose concentrations.

The concentration of CSF glucose represented
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approximately 66% of the blood glucose level.
This is within the reported accepted level which
1s 60-80% (Duncan et al, 1994).

Various enzymes were found in camel CSF. In
humans, it has been reported that the CSF en-
zymes have three possible sources: brain tissue or
CNS tumors, blood, and cellular elements within
the CSF (Kjeldsberg and Knight, 1993). The lack
of reliable CSF enzymes reference values is a
major problem negatively affects the usefulness
of evaluating CSF enzymes in camels. Evaluation
of CSF enzymes is a valuable indicator that can
be used in diagnosis and prognosis of various
neurologic diseases. The level of ALP in camel
CSF was much higher than what was reported in
horses (Mayhew et al, 1977), and it basically rep-
resented around 17% of the serum ALP. LDH has
been the most frequent enzyme studied in CSF.
The concentration of LDH in camel CSF was ap-
proximately similar to what was reported in cattle
(Welles et al, 1992), llamas (Welles et al, 1994)
and higher than what was found in cats (Rand et
al, 1990), and dogs (Coles, 1980) and higher or
lower than what was reported in horses ( Ross-
dale et al, 1982; Mayhew, 1977). The percentage
of LDH in CSF of camels represented less than
4.5% of its level in the serum, This is less than
what was reported in humans (Kjeldsberg and
Knight, 1993). GOT level in CSF of camels was
approximately close to what was reported in oth-
er domestic animals (Mayhew et al, 1977, An-
drews et al, 1990; Rossdale et al, 1982; Coles,

LT
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1980). About 10% of serum GC- «was found ip
CSF of healthy camels. It has bec:: reported that
the CSF and serum GOT levels vary indepen-
dently (Kjeldsberg and Knight, 1993). GPT level
in CSF of camels was less than that of dogs
(Coles, 1980). About 47% of serum GPT was

found in camels CSF.

CK is mostly abundant in mammalian skeletal
muscle, cardiac muscle and neural tissue (Daw-
son et al, 1967). It is reported that plasma CK
does not cross the blood-brain barrier in normal
situations and normal CK in CSF appears to be
nervous system
(Sherwin et al, 1969). This study showed that the

level of CK in CSF from camels was higher than

derived from the central

what was reported in horses (Mayhew et al,
1977; Rossdale et al, 1982) and similar than that
in cattle (Welles et al, 1992). Approximately
16% of serum CK was found in camels CSF. The
present study showed that there were significant
differences in constituents of TP, albumin, globu-
lin, glucose, and all the enzymes between their

levels in CSF and serum.

The sodium ion is the major electrolyte present in
both blood and CSF, The concentration of sodi-
um in CSF of camels was slightly higher than
that of humans (Kjeldsberg and Knight, 1993),
horses (Rossdale et al, 1982; Mayhew et al,
1977), and cattle (Welles et al, 1992).

close to what was reported for Hama (Welles et

It was

al, 1994), and dogs. CSF sodium ion of camels

V(el.Mc(l.d..Glza.V()l.54.N0.2(2006)
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was slightly higher than its concentration In the
blood. This finding is basically found in all do-
mestic animals (Duncan et al, 1994), The CSF
potassium concentration of camels was similar to
what was m"porlcd in humans ‘and other domestic
animals (Miiyhcw et al, 1977; Rossadle et al,
1982: Welles et al, 1992; Kjeldsberg and Knight,
1993; and Welles et al, 1994). About 73% of
blood potassium is found in the CSF of camels.
In camels, CSF calcium was similar to what was
rcborlcd in horses (Mayhew et al, 1977); and less
than what was found in sheep (Altman and Dit-
tamer, 1974), dogs and cats (Fankhausor, 1962).
A ‘signiﬁcant difference was found in the level of
calcium in serum and CSF, and approximately
50% of serum calcium was found in CSF of cam-
els.  Similar result was reported in humans

(Kjeldsberg and Knight, 1993).
CONCLUSION

The reference range values of cytological and bi-
ochemical constituents of CSF collected from
healthy adult drofnedary camels and compared
with that of the serum levels were reported. The
WBC counts of camel CSF were similar to that in
cattle and the differential cytology was close to
what was reported in llamas. The concentration
of TP and albumin in CSF of camels were higher
than that in ruminants and lower than that in hors-
es. On the other hand, the concentration of globu-
‘1i(n' in CSF of camels was less than what was re-

ported in llamas and horses. The concentrations

Vet.Med.J.,Giza.Vol.54,No.2(2006)
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of CSF glucose and GOT in camels were close to
what was reported in farm animals, The level of
ALP in CSF of camels was higher than its levels
in CSF from horses. The levels of LDH and CK
in camel CSF were similar to what was reported
in cattle. The concentrations of sodium and po-
tassium in CSF from camels were close to what
was reported in llamas. The levels of calcium in
CSF of camels were similar to what was reported
in humans. There were significant differences be-
tween the CSF and serum in the concentrations
of TP, albumin, globulin, glucose, ALP, LDH,
CK, GOT, GPT, and calcium.

ACKNOWLEDGEMENT

The author would like to acknowledge Mr Elsob-
ky Elbasheer from the Department of Veterinary
Biochemistry and Dr Pahgat Ali Hussein from
King Saud Hospital

REFERENCES

Altman, P. L. and Dittmer, D. S. (1974): Biology Data
Book. Vol III, 2nd cd. pp. 1978. Bethesda, Maryland:
Federation of American Societies for Expermental Biol-
ogy.

Andrews, F. M., Maddux, J. M. and Faulk, D, (1990): To-
(al protein, albumin quotient, IgG and IgG index deter-
minations [or horse cerebrospinal fluid. Prog Vet Neu-
rol 1, 197,

Bailey, C. S. and Higgin, R. J. (1985): Comparison of total
white blood cell count and total protein content of lum-
bar and cisternal cerebrospinal fluid of healthy dogs.

Am, ], ol Vel. Res. 46, 1162.

239

CamScanner = Wgs d> guadll


https://v3.camscanner.com/user/download

Bailey, C. S. and Higgin, R. J. (1986): Characteristics of
cisternal cercbrospinal fluid associated with primary
brain tumors in the dog: a retrospective study. J.
Am.Vel. Med. Assoc. 188, 414-417.

Bailey, C. S. and Vemnau, W. (19997): Cercbrospinal fluid.
Clinical Biochemistry of Domestic Animals. Sth ed. pp.
785-827. New York: Academic Press Inc.

Beal. A. M. and Bligh, J. (1977): Electrolyte concentrations
in sheep cerebrospinal fluid. Res. of Vet.Sci. 22, 382-
383. i

Beech, J. (1983): Cytology of equinc cerebrospinal fluid.
Veterinary Pathology 20 553-562.

Bijleveld. K. and Binkhorst, G. J. (1973):: Examination of
the blood and cercbrospinal fluid in calves with spastic
paresis. Tijdsch Voor Diergence 98, 803-806.

Breebaant, K., Becker, H. and Jongebloced, F. A. (1978): In-
vestigation of reference values of components of cere-
brospinal fluid. Journal of Clinic Chem Clin Biochem
16. 561-565.

Coles. E. H. (1980): Cercbrospinal fluid. Veterinary Clini-
cal Pathology. 3rd ed. pp. 362-376. Philadelphia: WB
Saunders Company.

Cook, J. R. and Denicola, D. B. (1988): Cercbrospinal
(uid. The Vet. Clin. of North Am. Small Ani. Prac. 18,
475-499.

Conly, J. M. and Ronald, A. R. (1983): Cercbrospinal fluid
as a diagnostic body fluid. Am. J. of Med. and Infec.
Dis. Symp. 102-108.

Dawson, D. M., Eppenberger, H. M. and Kaplan, N. O.
(1967): The comparative enzymology of creatine ki-

nase. II. Phsycal and chemical propertics. J. of Bid.

Chem. 242,210-217.

240

De Lahunta, A. (1977): Cercbrospinal fluid and hydrocep,
alus. Vetcrinary Ncuroanatomy and Clinical Neurolo.
gy. pp. 33-56. .Philadclphia: WB Saunders Company,

Duncan, J. R., Prassc, K. W. and Mabhaffcy, E. A. (1994);
Cercbrospinal fluid (CSF). Vetcrinary Laboratory Med.
icinc. 3rd cd. pp. 211-214. Ames: ISUP.

Fankhauser, R. (1962): Comparative Ncuropathology. pp.
21. New York: Academic Press.

Fishman, R. A. (1980): C

| Fluid in Di

pp. 168-252. Philadclphia: WB Saundcrs Company.

ition of cercbrospinal fluid,

Cereb of the Nervous System,

Y

Furr, M. O. and Bender, H. (1994): Cerebrospinal fluid var-
iables in clinically normal foals from birth to 42 days of
age. Am. J. of Vet. Res. 55, 781-784.

Gorgacz, E. J., Rousscau, J. E. Jr., Frier, H. I, Hall, R. C.
and Eaton, H. D. (1971): Composition of the dura mater
in chronic hypervitaminosis A. J. of Nutr. 101. 1541-

1546.

Hayes, T. E. (1987): Examination of cercbrospinal fuid in
the horse. The Vet. Clin. of North Am. Equinc Prac. 3.
283-291.

Hayward, R. A. and

Oye, R. K. (1988): Arc polymorphonuclear leukocytes an
abnormal finding in cercbrospinal fluid? Result from
225 normal cerebrospinal Muid specimens, Arch Intern
Med 148, 1623-1624,

Hochwald, G. M., Wallensicin, M. C, ang Matthews, E. S.
(1969): Exchange of protcins between blood and spinal
subarachnoid Nuid. Am. J, of Phys. 217 348,

Jamison, E. M. and Lumsden, J, 4, (1

988): Cerchrospinal

fluid analysis in the dog: methodology ang interpret
erpreta-

tion. Seminars on Velerinary Medici
“ine and Surgery

(Small Anim) 3, 122-132,

Vet.Med.J.,Giza.Vol.54,No.2(200g)

l

‘Kjcldsberg, C. R. and Knight, J. A. (1993): Chapter 2: Ce-
rebrospinal fluid. Body Fluids. 3rd cd, pp. 65-157. Chi-
cago: ASCP press. *

Kramer, J. W. and Hoffmann, W. E. (1997): Clinical enzy-

Animals.

__mology. Clinical..Biochemistry of D
5th cd. pp. 303-325. New York: Academic Press Inc.
Kricg, A. F. and Kijeldsberg, C. R..(1991): Cercbrospinal
fluid and other body fluids. Clinical Diagnosis and
Management by Laboratory Mcthods. pp.1445-473.

Philadelphia: WB Saunders.

Kristensen, F. and Firth, E. C. (1977): Analysis of scrum
proteins and cerebrospinal fluid in clinically normal
horscs, using agarose clectrophrescis. Am. J. Vet. Res.
38, 1089-1092.

LLal, K. B. and Verma, B. B. (1979): Composition of normal

- cerebrospinal fluid of buffaloes (Bubalus bubalis). Indi-

an Veterinary Journal 56, 641-645.

*“Lang, D. T. Berberian, L. B., and Lee, S., (1990): Rapid

differentiation of subarachnoid hemorrhage from trau-
matic lumber puncture using the D-dimer assay. Am. J.
of Clinical Pathology 93, 403-405.

Mayhew, L. G. (1975): Collection of cerebrospinal fluid
from the horse. Cornell Veterinarian 65, 500-511.

Mayhew, I. G., Delahunta, A., Whitlock, R. H., Krook, L.
and Tasker, J. (1978): Spinal cord discase in the horse.
Cornell Veterinarian 68, 1-207.

Mayhew, I. G., Whitlock, R. H. and Tasker, J. B. (1977):
Equine cerebrospinal fluid: reference values of normal
horses, Am. J. of Vet. Res. 38, 1271-1274,

Mayhew, L. G., Tasker, J. B. and Whitlock, R. H. (1978):
Hematology, serum chemistry and cercbrospinal (luid
studies. Cornell Veterinarian Suppl 68, 36-43.

Patra, R, C,, Lal, S. B, and Swarup. D. (1993): Physico-

Vet.Med.J.,Giza.Vc).54,No.2(2006)

chemical altcrations in blood, cercbrospinal fluid and
idosis in sheep. Res. of

| lactic

urine in cxperi
Vel. Sci. 54,217-220.

Rand. J. S., Parcnt, J., Jacobs, R. and Percy. D. (1990):
Reference intervals for feline cercbrospinal fluid: cell
counts and cytologic featurcs. Am. J. Vet. Res. 51,
1044-1048.

Ravel, R. (1995): Cerebrospinal fluid examination and ncu-
rologic disorders. In: R Ravel Clinical Laboratory Med-
icine. 6th ed. pp. 294-308. New York: Mosby.

Rossdale, P. D., Cash, R. S. G. and Leadon, D. P. (1982) :
Biochemical constituents of cercbrospinal fluid in pre-
mature and full term foals. Eq. Vet. J. 14, 134-138.

Sarode, D. B.. Nisal, M. B. and Saprc. V. A. (1992): Altcr-
ation in composition of cerebrospinal fluid and blood of
experimentally induced hypomagnesemia in crossbred
calves. Ind. Vet. J. 69, 1001-1004.

Scott, P. R.. Aldridge, B. M., Clarke, M. and Will, R. G.
(1990): Cercbrospinal fluid studics in normal cows and
cases of bovine spongiform encephalopathy. Brit. Vet.
J. 146, 88-90.

Scoanc, G. R. (1981): lonic composition (Na+, K+, Ca+.
and Mg+) of cerebrospinal fluid and feeding behavior
in sheep. Canda J. Physiol. and Pharam. 59, 390-92.

Sherwin, A. L., Norris, J. W. and Bulcke, J. A. (1969): Spi-
nal Nluid creatine Kinase in neurologinal discase. Neu-
rology (Minncapolis) 19, 993-999.

Smith; M. C. (1982): The diagnostic value of caprine cere-
brospinal fuid analysis. Procecding 3rd Internat Conl
Goat Prod Dis, Scottsdale, Dairy Goat Publ Co. pp.
294,

Smith, S. V. and Forman, D. T. (1994): Laboratory analy-
sis of cerebrospinal fuid. Clin. Lab. Sci. 7, 32-38.

241

CamScanner = Ligo d>guaall


https://v3.camscanner.com/user/download

Sorjonen, D. C. (1987): Total protein, albumin quota, and
clectrophoretic patterns in cerebrospinal fluid of dogs
with central nervous system disorders. Am. J. Vet. Res.
48, 301.

Sorjonen, D. C., Warren, J. N. and Schultz, R. D. (1981):
Qualitative and quantitative determination of albumin,
IgG. IgM and IgA in normal cerebrospinal fluid of
dogs. J. of Am. Ani. Hospit. Assoc. 17, 833.

Swaroop, S., Chouhan, D. S., Chaudhary, R. J. and Gaholt,
T. K. (1988): Cercbrospinal fluid changes following spi-
nal anesthesia in goats. Ind. Vet. J. 65, 788-790.

Tibbling, G., Link, H. and Ohman, P. (1977): Principles of
albumin and IgG analyses in neurological disorders, I:
establishment of reference values. Scand J Clin Lab In-

vest 37, 385-390.

Tvedien, H. W. (1987): Clinical pathology of bovine ncuro-
logic disease. The Veterinary Clinics of North America
Food Animal Practice 3, 25-44,

Vandevelde, M. and Spano, J. S. (1977): Cerebrospinal

242

fluid cytology in canine neurolugic discase. American
Journal Veterinary Rescarch 11, 1827-1832.

Welles, E. G., Pugh, D. G., Wenzel, J. G. and Sorjonen, D,
C. (1994): Composition of cercbrospinal fluid in
healthy adult llamas. American Journal of Veterinary
Research 55, 1075-1079.

Welles, E. G., Tyler, . W., Sorjonen, D. C. and Whatley,
E. M. (1992): Composition and analysis of cerebrospi-
nal fluid in clinically normal adult cattle. Am. J. Vet.
Res. 53, 2050-2057.

Wilson, J. W. (1977): Clinical application of cerebrospinal
fluid creatine phosphokinase determination. J. Am. Vel.
Med. Assoc. 171, 200-203.

Wilson, J. W. and Stevens, J. B. (1978): Analysis of cere-
brospinal fluid specific gravity. J. Am. Vet. Med. As-
soc. 172,911-913.

Wright, . A. (1978): Evaluation of cercbrospinal fluid in
the dog. Vel, Rec. 103, 48-51.

Vcl.Mcd.J..Giza.Vol.54,N0_2(2OOG)

CamScanner = Ligd d>guwadll


https://v3.camscanner.com/user/download

Vi Bl plal By 31 S S48 AL Pt i

Jasdl iz 245
s+ panill sl ¢ o iy 303 P U el B s
Lappadi o ol Tl e NEAT o

oany Lslall lygiall sauas Sy L€ LYl e Seif AU LT =238 D U i S 3

Sl Jeall i sapastl Lned L5 Sy ban Ll WL T T2 2 S S BT g D o
Il (Sedl Al Bl Gelaadlyel puall 201 I Do 5 U S e e e
Bl g LlaKoadl LS 3 Tsiae Gapd S02 20y ST o= S SN T SSalts s ==
KR I gy odall fpas T KN o0l G K 2SS o a2 o0 alanadl fme S o

Seiwalisl 3 elisid JUaSl dalisly Guteand] S Sapes aleln S-S 30w S e S G0

-~ ~ ~ =~ ——— -_= - —_——— - — -~

.rJ." J-G.AJ dS‘,..‘.!l “‘;ll &L"l ;e:‘i.__.;_fs &:—-ﬂ e‘i -\e.':"‘ :;_L:i <a ;S =4 _\—l :u...&‘:"_

Vet Med e Vol B No 202000) \

S
o’

CamScanner = Lo d>guwadll


https://v3.camscanner.com/user/download

