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SUMMARY

The appropriate location for collecting cerebro-
spinal fluid {CSF) from the dromedary camel was
d.cscribed and the reference range of cytological
and biochemical constituents of CSF were deter-
.miﬁed in 25 chnically normal adult camels and
compared with the corresponding serum. Camel
CSF is colorless with similar viscosity to water.
‘The maximum normal of RBCs and WBCs were
141 and 9 cells/ul, respectively. 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 pyruvic

bhosphatasc lactate  dechydrogenase
transaminase (GPT), and glutamic oxaloacetic
transaminase (GOT). In addition, there was sig-
nificant difference between the CSF and serum in

'the levels of calcium.
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INTRODUCTION

Determination of cerebrospinal fivid (CSF) con-
stituents is valuable Tor 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 disecases (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
and Bender, 1990);
Welles et al. 1992) buffaloes (Lal and Verma,
1979, Namas (Welles et al, 1994}, goats (Smith,
1982; Swaroop et al, 1988 ), sheep (Beal and
Bligh, 1977; Seoane, 1981), dogs (Wright, 1978;
Jamison et al, 1988), and cats {Rand et al, 1990).

1994), cattle (Scott et al,



The convw e of CSF obr oo o sovmal

with var:c. - ac sologie amd oo rencsinme dis-

eases have Uise ceen determin. e it oropared
with the sciorence normal vides- srgier et al
1971 Bijl.2ld und Binkhorstia 1473, Vande-
velde et ai. %77, Bailey and Higgins, 1986, Sor-
jonen, 1957 Tvidten, [987; Scott of al, 1990 Sa-

rode et al. i #22; Patra et al, 19931,

The objecnr~ ¢ of the present study was to describe
the approprizte location for collecting CSF from
the dromcdary camel and to provide reference
range of csiological and biochemical values of
the CSF tn ¢hinically healthy adult female drome-
dary camel: and compare these vaiues with the

corresponding serum levels.

MATERIALS AND METHODS

Camels

Twenty five adult clinically healthy female cam-
els aged beiween 6-9 years wore dsed m this
study. Bods temperature, resperrarary rawe. heart
rate, craniai nerve function, gait, and locomotion

were assesse? prior to CSF collecuon.

CSF collecii:n

CSF samples were collected undsr general anes-
thesta from = atlanto-occipital snace using (8 or
l6-gauge 3.% inches disposable spinal needles
{Becton, Dicxinsen & Co, Franklin Lakes, NJ,
USA). Xylarqne (0.7 mghkg IV) was first inwected

for sedation .ind followed by general anesthesia
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SR ST g i Baeh wowmnel was

placed v wtocad o i sy and the hair was

shipmed v the pol wd desn from setween the
cars e 4 oinches caudally and approxtimately 2
inches an either side of the imane, and the area
wus asepucally prepared ior the aspivation of
CSF. The neck was flexed wward the sternum
aivd the site of puncture was determuned by locat-
ing aregion just caudal to the point of inlersection
of an imaginary line drawn at right angies be-
tween the caudsl border of the occipital bone and
dorsal midline of the neck (Figure 1). Approxi-
mately 5-10 mi of CSF were withdrawn and im-

mediately placed in a clean sterilized tube.

Elood samples weie collected from the jugular
vein immediately after collecting the CSF sample
and transferred to phan vacutwiner tubes. They
were centrifuged at 3000 rpm for 10 minutes to

abtain serum.

{ aboratery an.tssis

USE samples weee immediately transferved to the
taboratory. Red and winie blows colls counis were
determined wsing hemovvtometer The remainder

f gach CSF sammpie was centiluged o

sor 10 minwtes and the supernaiant was ssed for
frochemical anatysis Bmears vure taken irom the
sediment on slides, and after aw drymng, -taned
with Wright Giemsa stain. The stained slides were
used to determine the differential WBCs. The
concentrations of otal protein, albumin, giobulin,

glucase, calcium, and enzymes including lactate
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c:i.ehydr'rb‘gena-sc (LDH). creatine kinase (CK), al-
quine phosphatase  (ALP), glutamic pyruvie
transaminase {GPT), and glutamic oxaloacetic
traﬁ.%mindse (GOT) in_both.CSF and serum sam-
ples were determined by an Automated chemical
anzﬂyzer (BM/HITACHI 902). The concentrations
of sodium and potassiwvm were measured by using
it'he: ﬂ-ame photometry (Flame photometer, Onta-

oo .
rio, Canada),

Statistical analysis
Meun, SD. fedian, maximum and mintmum val-
ues, and 95% confidence intervals of the mean

were calculated for all measured CSF and serum

variables. Analysis of variance {ANOVA) was
used to determine the differences in the depen-
dent vartables 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 watef. The
summary of CSF cytology results is shown in Ta-
ble 1, whereas the summary of biochemical con-
stituents of both CSF and serum is shown in Ta-

ble II.

- -I'Fabie (D: Cytology of normal CSF obtained from healthy camels

‘ Variable Mean + SD Min Max 959% C1
~ RBCs cells/ul 64.61 & 33.97 20 141 48.92 - 80.30
- WBCs celisful 3724 2.96 0 9 92.35-5.09
Neutro % 12.64 + 1715 0 44.44 4.71-20.56
Neutro number- 0.83 +1.29 0 4 0.24-143
Lymph % 58.57 +£33.27 0 100 43.20 - 73.94
Lymph number 228 +1.49 0 4 1.59 - 2.97
Mono % 11.24 +14.25 0 50 6.58 - 17.82
Mona number. - 0.56 +0.61 0 2 0.27 - 0.84
_ .. Bosino % 0.94 + 401 0 17 0-2.80
| Eosino number 0.06 +0.24 0 l 0-0.16
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TRV of pamets,

ik i
T . |
seren(gdih £33 £ 0.40x & 47 9 .25 6.35,6.72
CSY (me/dD 5470 + 1210 3565 piA I 1120 48 65, 60.75
Arpumin:
serum (g/dl) 3,49 + 5.36* 137 3.15 4731 3.31,3.65
CSr (myg/dh 22.53 + 646 2318 F1.30 i3.90 19.55, 25.52
Albuimnin Quota 0.64 4015 (.69 00.34 162 G.57-0.71i
Ghabulin:
serum {g/dl) 2.87 +0.22* 2.90 242 3.25 2.76,2.97
CSE  (mg/dl) 1577 +2.97 16.30 10.50 200.6 14.39, 17.14
Glucose: .
serum {mg/dl) 93.94 + 13.09* 9 72 1o 9087.90, 99.99
CSF {mg/dl) 61.67 +£17.12 55 40 90 5376, 69.58
ALP:
serum (JU) 54.28 + 8.03* 67 48 76 60.57,67.99
CSF (IU) G511 +844 5.5 ] 30 5.22,13.01
LLDH:
serun (IT) 355.38 +90.92% RIS 215 382
CSF  (1U) 1577 +4.44 16 80} 8,97 25.04 13,73, 17.83
CK:
serum (IU) 72.89 + 10.57* 74 54 89 68.00, 77.77
CSF (IU) 11.59 + 5.4 [2.55 1.65 21.02 9.09-14.09
GPT:
serum {(IU) 10.88 + 2.85* PG 7 T 9.5%, 12.21
CSF  (IU) 5.1 + 4386 3 0 1 2.87.,7.36
GOT:
serurm (IU) 00.56 + 1].38* c3 52 86 61.30, 71 .81
CSF {1 6.06 + 390 5 1 ) 4.25-7.86
5 . ) ..
ki a— Sme T T e A R el
Calcum: ;
seruni Gag/dl 8.6% + {3 50+ 842, 813 0.74 #.46, 8.93
CSF  1iag/dD 426 +0.61 4.7 [ 330 A0 397 -4.54
S Od] RERON V I
serum {mol/D 151.33 +3.36 15 148 59 14978, 152.89
CSF  {inmol/h) 153.17 + " 47 153 151 150 152.49, 153.85
Potas:im:
serum {tamol/D 4,52 +0.62 4 31 3.5 5.4 4,23, 4 80
337 £0.13 33 3.2 36 326-3.38

* Indicates statistically significant difference (P < 0.05).
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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-

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 i determining the

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

normal ranges (Kjeldsberg and Knight, 1993). It
is assumed that the RBCs content of CSF is zero
unless hemorrhage occurs. However, few num-
bers of RBCs were observed in all samiples. 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 purllciurc, 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 hemorrhage which might be an indica-
tion of prolonged and low-grade hemorrhage or
massive hemorrhage at some time prior to 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 differentiate the
pathologic hemorrhage from traumatic puncture
(Lang ¢t al., 1990). In this test, a commercial la-
tex agglutination immunoassay is used {0 meas-
ure the levels of a cross-linked fibrin derivative
D-dimer which is usually present in CSF samples
from paticnts 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
Righ as 9 cells/ul (3.72 ( 2.96 cells/ul). This value
1s similar to what was reported in cattle (Welles
et al, 1992) und larger than the reported values of
adult humans (Ravel, 1995) and other specics
(Welles et al, 1994; Mayhew et al, 1978, May-
hew et al, 1977; Jamison et al, 1988, Rand et al,
1990).

than the refercnce 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

fymphocyles (58.57 ( 33.27) wcere the predomi-
nant followed by the neutrophils (12.64 { 17.15)

drd the monocytes (11.24 ( 14.25). Such valucs

“werg'similar to those reported for llamas (Walles

et'ad,~1994)- A significant positive correlation { P

‘«0.05) was found between the amount of blood
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contamination and the number of neutrophils in
camel CSF samples. This was similar to what
was reported in llamas (Walles et al., 1994).
However, this study showed that the percentage
of neutrophils in camcls CSF was lower than
what Walles et al. (1994) reported in llamas.
This may be due to specics differs or levels of
blood contamination. An eosinophil was found in
only cne sample of CSF. Blood contamination
was thought to be the source of this eosinophil.
Basophils were not found in the CSF. There is no
general agreement as to what constitutes the nor-
mal upper limit for polymorphonuclear leuko-
cytes (PMNs) in CSF. In humans, some workers
consider 7% to 8% PMNs as normal limits if the
total WBCs is norinal (Krieg and Kjeldsberg,
1991). Others consider more than 2% PMNs as
abnormal unless the peripheral blood PMN count

1s abnormally high {Hayward and Oye, 1988).

CSF protein i1s derived mostly from plasma. It has
been reported that prealbumin, transferring, and
small quantities of nerve lissue-specific proleins
arc the major qualitative differences between
CSF and plasma proteins of humans (Kjeldsberg
and Knight, 1993). The concentration of lotal
protein in camel CSF was found to be higher than
those of catile (Welles et al, 1992), goats (Altman
and Dittmer, 1974}, pigs (Altman and Ditmer,
1974), lamas (Welles ot al, 1994), and dogs
(Wright, 1978; Sorjenen et al, 1981), and lower
than human values (Ravel, 1993) and horses

(Furr et al, 1991, Andrews et al, 1990, Mayhcw

Vet.Med.J.,G za.Vol.54 ,No.2(2008)



ct al, 1978). Other reports showed that adult hu-
ma:n‘s and horses have less CSF TP than camels
(R;lgpﬁl,_ 1995; Mayhew et al, 1977). This is may-
be, due to various factors such as the different
mezl:‘;qlrement method used, the different age and
ge.n.("ig:‘r of camels used in both studics. The effects
oflr;ﬁeasuring method used, age, and gender are
considered important variables that can affect
non%?l 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 2 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 | mi of CSF
is;_cc‘);_)taminated with 0.1 ml of blood (Krieg and
Kjeldsberg, 1991). However in our study, no cor-
relation was observed betwecn blood contamina-
tion and total protein concentration in CSF. On
the oth.er side, there was a positive correlation in
the TP concentration between the CSF and serum
prbteins. This study showed that the CSF normal-
ly cbntains 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 study. albumin concentration represented ap-
proximately 23 % of the total protein in CSF.
This is stightly higher than what was reported in
lamas (Welles, 1994) and pigs (Altman, 1974),
cattle {Welles, 1992), and significantly higher
than what was reported in dogs (Sorjonen et al,

1981) and cats (Hochwald et al, 1969). The con-

Vet.Med.d.,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 llamas (Walles, 1994), cattle
(Walles, 1992), and dogs (Sorjonen. 1987), and
lower that of horses (Andrews, 1990). Albumin
quotient has been uscd to assess the funciion 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 Hamas (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
CSF

globulin  in representcd  approximately

0.55% of its concentration in serum.

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

Various enzymes were found in camel CSF. In
humans. it has been reported that the CSF cn-
zymes have three possible sources: brain tissue or
CNS tumors, blood, and cellular elements within
the CSF (Kjcldsberg and Knight, 1993). The lack
of reliabie CSF enzymes reference values is a
major problem negatively affects the usefulness
of evaluating CSF enzymes in camels. Evaluation
of CSF «nzymes is a valuable indicator that can
be used in diagnosis and prognosis of various
neurclog:c 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 hos
been the most frequent enzyme studied in CSF.
The concentration of LDH ini camel CSF was up-
proximuicly similar to what was reported in cattle
{Welles ot al, 1992), Hamas (Welies et af, [G64:
and highor than what was found in cats (Rand et
al, 1990;, and dogs (Coles. 1984 and higher or
lower tliin what was reported in horses ( Ross-
dale et ai. 1982 Mayhew, 1977} The percentsye
of LDH 11 C3F of camels reprosemed less than
4.5% of 15 level in the serw. This s less than
what wa~ reported in humans ‘Kjeldsherg and
Knight, 1993). GOT leve! in CSF of camels was
approximately close to what was reported in oth-
er domesiic animals (Mavhew et al, 1977, An-

drews et al, 1990; Rossdale et al, 1982; Colcs,
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1980). About 10% of serum GOT was found in
CSF of healthy camels. It has been 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
sitwations and normal CK in CSF appears to be
central

derived from the

(Sherwin et al, 1969). This study showed that the

nervous system
level of CK in CSF from camels was higher than
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 o constttuents of TP, atbumin, globu-
fin, glucose, and all the enzymes between their

levels in CSF and serum.

The sodium ion i the major electrolyte present in
noth blood arel CSF. The concentration of sodi-
um in CSF of camels was shightly 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 llama (Welles et

It was

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

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



was shightly 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 o
what was reported in humans and other domestic
“animals (Mayhew 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
rcported 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 approximatcly
50% of serum calcium was found in CSF of cam-
els. Similar result was reported in humans

(Kjéldsberg and Knight, 1993).
CONCLUSION

The reference range values of cytological and bi-
ochemical constituents of CSF collected from
healthy adult dromedary 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 Hamas. 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-
lin 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)

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 CST were similar to what was reported
in cattle. The concentrations of sodium and po-
tassium in CSF from camels were close to what
wus reported in Hamas. 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.
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