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Abstract — Blood glutathione peroxidase (GSH-Px) levels in 709 normal dromedary camels
(442 females and 267 males) were assessed in the Canary Islands. All animals were intensively
reared, and three different nutritional systems were evaluated, depending on selenium content of
the diet. Mean GSH-Px level in the total population was 28857.2 IUg 1 Hb. Reference ranges

were estimated and enzymatic activities below S@TtHb were considered inadequate. GSH-Px
activities obtained in females (298:155.7 IUg-1 Hb) were significantly® = 0.037) higher than

in males (272.& 157.2 IUg1 Hb). When age groups were compared, only males between 6 and
12 months old exhibited significantly lower mean GSH#Px 0.006) than females. A high correlation

(r = 0.88) between serum selenium concentration and blood GSH-Px activity was estimated, and
the regression equation was 2.510k + 42.423. Selenium content of the diet above 0.Rgn§DM

seems to supply adequate selenium requirements for dromedaries under intensive husbandry.
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Résumé — Détermination des niveaux sanguins de glutathion péroxydase chez le dromadaire.

Les niveaux de glutathion péroxydase (GSH-Px) dans le sang de 709 dromadaires sains (442 femelles
et 267 males) ont été mesurés dans les lles Canaries. Tous les animaux ont recu un élevage intensif
et trois systemes de nutrition ont été évalués en fonction du contenu en sélenium de I'alimentation.
L'activité moyenne de GSH-Px dans I'ensemble de la population a été évaluée &288,5
157,2 IUg1 Hb. Les intervalles de référence ont été estimés et les activités enzymatiques en dessous
de 51 IUg1Hb ont été considérées insuffisantes. Les activités GSH-Px obtenues chez les femelles
(298,1+ 155,7 IUG1 Hb) étaient significativemenP(= 0,037) plus élevées que chez les males
(272,6+ 157,2 IUg 1 Hb). Quand les groupes d’age ont été comparés, seuls les males agés de 6 a
12 mois montrérent une valeur moyenne de GSH-Px significativemer,006) plus basse que les
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femelles. Une forte corrélatiom £ 0,88) entre la concentration de sélenium dans le sérum et
I'activité GSH-Px dans le sang a été mise en évidence et I'équation de régression calculée fut la sui-
vante iy = 2,510k + 42,423. Un contenu en sélenium dans l'alimentation, supérieure alytliiyl,

parait étre suffisant pour apporter les besoins en sélenium chez le dromadaire en élevage intensif.
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1. INTRODUCTION between serum selenium and GSH-Px

activity.
Nutritional myodegeneration (NMD),

also called white muscle disease, is a

metabolic disease caused by a nutritionad- MATERIALS AND METHODS

deficiency of selenium and/or vitamin E. .

The disease occurs world-wide and it hasz'l‘ Animals

been reported in many species, particularly

ruminants, including the camel [12]. A total of 709 dromedary camels were

included in this study, 442 of which were
NMD has not been reported in cameliddemales (59 pregnant females, 64 lactating

breeding in their natural habitat. However females, and 319 non-pregnant and non-lac-

the disease can appear in intensively marating females) and 267 males (54 intact and

aged animals, like zoological collections or213 castrated males).

zoos, where the minimal selenium/vitamin E - A clinical and haematological examina-

requirements could not be supplied by thgion was performed in all animals and those

diet [13]. animals that showed signs of disease were
Blood glutathione peroxidase (GSH-Px)excluded. All animals belonged to intensive

activity has been demonstrated as a useffiusbandry farms located in the Canary

indicator of selenium status in severalSlands where camels live (Lanzarote,

Species_ |n the dromedary CameL a h|gh Coﬁuerteventura, Gran Canal’la and Tene”fe,

relation between GSH-Px activity and bloodSPain)-

selenium has previously been reported [6,

9]. However, the number of animals inves- »

tigated in these studies (20 and 53, respeé-2. Nutrition

tively), considered sufficient to determine i -

this correlation, seems to be inadequate for With regard to nutritional management

a population study of GSH-Px activity in observed in the visited farms, diet was clas-

the dromedaries, particularly due to largesified into three groups, as presented in

standard deviation described in many speciekable .

[1, 16, 17]. Selenium content of concentrate and for-

. age, respectively, 1.37 and 0.84 &gy

In contrast, serum selenium and GSHDM in group A, 0.62 and 0.49 riig-X DM

Px activity are not correlated in dromedarlesl.n group B (plus 40 mg of selenium per

The use of blood selenium or serum sele; ;
nium to determine selenium status is uncleigg of mlrjleral block), and 0.17 and
.09 mdkg—DM in group C.

in the literature available.

Thus the purpose of our study was to
determine the normal reference ranges df.3. Laboratory analysis
the blood GSH-Px activity in dromedaries,
according to sex, age, reproductive state and After clinical examination, all animals
diet of animals, as well as the correlatiorwere evaluated haematologically in terms
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Table |. Diet used in the studied farms classified by nutritional group.

Nutritional ~ Concentrafe Foragé Grazing Mineral Animals

group supplementation (females/males)

A Corn, barley, oats, Silage and + - 344
dehydrated alfalfa ~ wheat straw (233/111)

B Corn, barley, oats, Corn and - + 305
dehydrated alfalfa ~ wheat straw (185/120)
and soya flour or

pulp of beet
C Corn, barley Wheat straw - - 60
(24/36)

dngested daily per animal: 4 kg approximately.

of packed cell volume (PCV), red blood celluated in a model farm of each nutritional
(RBC) and white blood cell (WBC) count, agroup, using the same spectrophotometer.
leukogram, by using a cell counter (Sysmex

F-800, Boehringer Mannheim, Germany).

Haemoglobin concentration was also meas 4. petermination of reference range
sured using a spectrophotometer (Hitachi

4020, Boehringer Ingelheim, Germany) with
the cyanmethemoglobin method following
the manufacturer instructions. Animals tha
presented an RBC below &xA.0°mL1, a

In accordance with the conventional pro-
edures for assessing normality provided
hat the results did not have a Gaussian dis-

z tribution, we chose the use of percentiles in
WBC above or below 2.9-9%10° mL1, : :
neutrophils count above or below 33_77%order to determine the reference ranges, as

lymphocytes count above or below 21_620/(§1e$cribed by Farver [7]. The 3rd percentile

and PCV below 24% (normal ranges takers considered to be a good indicator; like

o the rest, the 97th percentile is estimated to
g]o;n 4I—:|3|)gg|ns and Koch [10]) were excluded be the value of the analysis corresponding

to the fi + 1) x 0.97th observation in an
ascending array of the analysed values for a

Blood samples were collected by Jugu—sample o normal animals [7].

lar venipuncture in lithium heparin tubes.

The glutathione peroxidase activity in whole

blood was assessed by a spectrophotome- o .

ter Hitachi 4020 (Boehringer Ingelheim) 2.5. Statistical analysis

using the Ransel test (Randox Laboratory,

Ardmore, United Kingdom) based on the Statistical analysis was performed using

Plagia and Valentine [15] method. the SPSS 9.0 statistical software for Win-

dows. The Scheffe test was used to calculate

Serum selenium was determined in a steANOVA, and the Pearson coefficient was

tistically sufficient number of animals used to calculate correlation. Statistical sig-

(n=42) using a spectrophotometer uv/visificance was considered whén< 0.05.

Lambda 1 (Perkin Elmer, USA). SeleniumHowever,P values are always given in the

content of concentrate and forage was evatext.
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Figure 2. Histogram of GSH-Px activities (@ Hb) for the total population.

‘ w ‘ Figure 1. Regression
between blood GSH-Px
0 50 100 150 activity and serum sele-
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Table Il . GSH-Px activities according to age group and sex.
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Age group Males Females Total
meant SD N meant SD N meant+ SD
(UIG1 Hb) (UIlg1 Hb) (UIg 1 Hb)
1 week—6 months 2022167.9 12 303.%172.3 10 248.3 173.7
6-12 months 226.6115.8 23 330.9+ 130.67 23 278.8+ 132.8
1-2 years 270.6 154.0 14 221.6144.7 18 243.@148.5
0-2 years 233.2140.3 49 286.2149.8 51 260.6147.0
2-4 years 273.4136.4 21 317.¥151.4 42 302.6 146.9
4-10 years 272.3163.1 134 288.@ 159.2 221  282.%160.6
10-15 years 3082157.2 59 318.8 156.9 106  315.@156.6
>15 years 235.244.3 4 288.4:183.1 22 280.2 169.6
Total 272.6+ 155.7° 267 298.1+ 158.1° 442  288.5 157.5

aStatistical differences between sexes(0.006).
b Statistical differences between sexes(0.037).

were detected between males and females
(Tab. Il), except for animals aged 6 to
12 months old.

3. RESULTS

3.1. Selenium

The relationship between serum selenium Furthermore, GSH-Px activity showed
concentration and whole blood GSH-Pxstatistical differencesX(< 0.001) between
activity showed a high correlation£ 0.88, nhutritional groups (Tab. Ill). The highest

P < 0.001) and the regression equation wa§SH-Px activities were observed in group A
y=2.510% + 42.423 (Fig. 1). (highest selenium content in the diet),

medium values in group B and the lowest
values in group C (lowest selenium content
in the diet). In relation to nutritional group
and sex, statistical differences were observed

etween males and females only in group C
Tab. 1l1).

3.2. GSH-Px

The results showed a mean GSH-P
activity for the total population of 2885
157.2 IUg *Hb. The histogram of the GSH- |, the group ageing between 4 and
Px activities obtained is showeq in Figure 24 years old (dromedary reproduction
Values above the 3rd percentile (519U oriog). blood GSH-Px activity was signif-
Hb) were conlsldered normal and valueg.anyy lower in lactating females (2486
below 51 UG~ Hb were considered inad- 134 IUgG1 Hb) and in pregnant females
equate. (224.1+ 124.0 1UGL Hb) compared with

In the total population (Tab. I1), statisti- the non-pregnant and non-lactating females
cal differencesR = 0.037) were observed in (348.8+ 171.7 IUg' Hb), (P = 0.003 and®
the mean GSH-Px activity between males 0.001, respectively). Male GSH-Px activ-
(272.6+ 155.7 IUg1 Hb) and females ity (272.3+ 163.1) also showed significant
(298.1+ 155.7 IUG 1 Hb). However, when difference P = 0.005) compared with the
age groups were compared, no differenceson-pregnant and non-lactating females.
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Table lll. GSH-Px activities obtained according to nutritional group and sex.

Nutrition Males Females Total
group mearx SD N meant SD N meant SD
(UIg1 Hb) (UIg1Hb) (UIg 1 Hb)
A 341.0+£160.0 111 339.2 155.4 233  339.%156.7°
B 244.8+ 139.7 120 270.%1147.8 185  260.2 145.0°
C 154.1+ 74.3 36 114.3+ 41.42 24 138.2+ 65.9°

aStatistical differences between sex@s=(0.021).
b Statistical differences between nutrition groups:(0.001).

4. DISCUSSION ing or pregnant females; these differences
could be related to the higher requirements
The serum selenium values found in outhat presented females in these periods [3, 5,
study and compared with GSH-Px activity8v 16].
resulted in a high correlatiom € 0.88). The statistical differences between sexes
However, the resulting correlation obtainedfound only in group C could be due to the
in previous reports using blood seleniumower selenium content of the diet, that does
concentration was higher£ 0.935) [6, 9]. not seem to be sufficient in view of the
These findings are in agreement with thos@igher requirements during lactation or
reported by Maas et al. [14], whom, by usingpregnancy. These differences have also been
dairy cattle as the species under study, suglescribed in cattle [2, 4] and sheep [17].
gested that blood selenium concentration is | .a|ation to the age of animals, statisti-

a better status indicator than serum seles, | qitferences P = 0.006) were only
num. observed between males and females aged 6

GSH-Px mean and standard deviation ii0 12 months old, due to the higher growth
the dromedary population studied seems t6f males compared to females. This has also
be similar to that reported in other ruminani€en reported in bovine calves [11].

species, particularly in sheep [1, 17]. HOW-  |n contrast, GSH-Px activities revealed
ever, our mean values were higher than prestatistical differences?(< 0.001) between
viously reported in the dromedary camelsyytritional groups. Thus mineral concen-
used just for the GSH-Px/blood seleniumyations in pastures grown on semiarid areas
correlation [6, 9], probably due to the widecontributed to increase the dietary selenium
standard deviation that is shown in the GSHgontent. Therefore, group A showed the

Px activity in several species [1, 16, 17]. highest GSH-Px activity, group B an inter-

Considering the 4 to 10 years old agdnédiate GSH-Px activity, and group C
group (dromedary reproduction period) anoe;h_owed the lowest GSH-Px activity found in
in relation to sex, higher GSH-Px activitiestiS Study.
were observed in non-pregnant and non-lac- In conclusion, the mean GSH-Px activity
tating females than in males. These findebserved in the dromedary camel popula-
ings could be attributed to the highertion studied was 2885 157.2 IUg ! Hb
metabolic selenium requirements in theand values below 51 G Hb were inade-
males than in non-pregnant and non-lactaguate. When the animals received over
ing females. However, higher GSH-Px activ-0.1 mg of seleniufiig~2 DM in the diet, the
ities were observed in males than in lactatGSH-Px activities in the animals with higher
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requirements did not show statistical varia- [9] Hamliri A., Khallaayoune K., Johnson D.W.,
tions compared to animals with minimal
requirements. Finally, by taking GSH-Px
activity as the selenium status indicator in
the dromedaries, serum selenium values in

this study have shown a lower correlation, )

compared with blood selenium values
reported previously.
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