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SUMMARY 
 

    This study was carried out to investigate the effect of dietary Cr-supplementation 
on respiration rate (RR) rectal (RT) and skin (ST) temperatures and some blood 
parameters in sheep exposed to exercise under direct sunlight. Twenty eight Saidi 
ewes were used in this study. The animals were divided into two treatment groups. A 
control group with no Cr supplementation and a treated group, supplemented by 250 
ppb of Cr as chromium picolinate in concentrate feed mixture. Both groups were fed 
according to the NRC allowances for 4 weeks. During the last week of treatment, the 
animals were exposed to exercise under direct sunlight from 11.00 to 13.00 h ,during 
two days. Respiration rate, RT and ST were recorded just before and after exposure. 
Also, blood samples were taken for Hb and serum concentrations of total protein, 
albumin, urea-N, glucose, cholesterol, aspartiate aminotransferase (AST) and 
alanine aminotransferase (ALT) determinations. Data were statistically analyzed 
using general linear model (GLM) procedure of SAS. Respiration rate, RT and ST 
revealed higher (p<.01) values after exposure to exercise than those before exposure 
in both groups. However, Cr supplemented animals tended to have high increase in 
RR (172 vs 165%) and low increase in rectal temperature (0.8 vs 1.1ºC) due to 
exercise compaired with controls. Hemoglobin and serum, total protein and urea-
nitrogen were not significantly affected by treatment. However, serum albumin 
increased significantly after exercise, such increase was more pronounced in Cr-
supplemented animals. Exercise decreased serum globulin in both groups. Serum 
glucose concentration increased by about 82% and 51% in control and Cr-pic 
supplemented groups, respectively. Both exercise and Cr supplementation decreased 
(P<0.05) serum cholesterol concentrations. Chromium supplementation decreased 
both AST and ALT concentrations. However, exercise increased AST concentration 
by about 2.9 and 2.0 folds in control and Cr-supplemented animals, respectively. 
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INTRODUCTION 
 

     Chromium activates the ability to regulate blood glucose by improving insulin 
function (Subiyatno et al. 1996, Depew et al. 1998 and Hayirli et al. 2001) and 
decreasing cortisol secretion (Chang and Mowat, 1992). According to this function 
chromium has anabolic effect on lean body mass and catabolic effect on body fat 
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(Etchalong et al. 1995). Calves fed Cr had high glucose disappearance indexes 
(Bunting et al. 2000). This result is mainly due to high insulin secretion in Cr-
supplemented animals (Depew et al. 1998). Such results  suggest a role for Cr in 
body homeostasis during heat stress. There is no available information on the effect 
of Cr during exercise. This study aims to investigate the effect of Cr picolinate on 
thermo-respiratory responses and some blood parameters in sheep subjected to heat 
stress, exercise under direct sunlight. 
 
MATERIALS AND METHODS 
 
Animals and treatments: 
    Twenty eight Saidi (Upper Egypt sheep) ewes were classified into two treatment 
groups (14 each). A control group with no Cr supplementation and a treated group, 
supplemented by 250 ppb of Cr as chromium picolinate in concentrate feed mixture. 
Both groups were fed according to the NRC (1985) allowances for 4 weeks in june. 
During the last week of treatment, the animals were exposed to exercise under direct 
sunlight for two days. Exercise was by walking for 2 hours (4 km/h) from 11.00 to 
13.00 h. In june, average ambient air temperature and relative humidity during 
exercise were 33.4o C and 29.5%, respectively. 
 
Thermo-respiratory response: 
    Respiration rate (RR) was determined by counting the flank movements for one 
minute. Rectal temperature (RT) was measured by using a clinical thermometer. Skin 
temperature (ST) was measured by using telethermometer. All measurements were 
recorded just before and after exercise. 
 
Blood samples and analysis: 
     Blood samples were taken just before and after exercise and transfered to two 
vials, one without EDTA, and the other contained EDTA. Serum was then separated 
from the whole blood (vial without EDTA) by centrifugation at 4000 rpm for 15 min, 
frozen and stored at -20oC until subsequent analyses. Hemoglobin (Hb) concentration 
(g/dl) was determined by using kits supplied by Diamond Diagnostics (Egypt). 
Serum total protein, albumin, urea-N, glucose, cholesterol, aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) concentrations were determined using 
test kits supplied by Diamond Diagnostics (Egypt). Serum globulin concentration 
was obtained by difference between serum total protein and albumin. 
 Data were statistically analyzed using general linear model (GLM) procedure of 
SAS (1981). The following model was used: 
Yij=µ+Ai + Bj + ABij + Eij, where Yij= experimental observation,  µ= general mean, 
Ai= effect of Cr, Bj = effect of exercise under solar radiation, ABij= effect of 
interaction between Cr and exercise under solar radiation and Eij = error.   
  
RESULTS AND DISCUSSION 
 
Thermorespiratory response: 
   Exercise under solar radiation increased (P<0.01) RR, RT and ST in both Cr-
treated animals and controls (Table 1). Such increase in RT was mainly attributed to 
the accumulation of heat in the body due to the incease in metabolic heat production 
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by muscular activity (exercise)  and that added by solar radiation (sun exposure), 
consequently, increased core body temperature (Kobeisy et al., 1997). However, Cr - 
supplemented animals  tended to have high increase in RR (172 vs. 165%) and low 
increase in RT (0.8 vs. 1.1 oC) due to exercise with sun exposure. This result means 
that dietary chromium picolinate may be useful during heat stress, since it increased 
blood glucose for rapid utilization by respiratory muscles during heat stress. This 
mechanism may be mediated through enhancement insulin secretion, consequently 
glucose clearance rate (Depew et al., 1998 and Bunting et al., 2000).  
 
Table 1. Effect of chromium supplementation on thermorespiratory response of 
sheep exposed to exercise under direct solar radiation 
Item Control* Cr-Picolinate ANOVA 
 Before After Before After Cr Ex CrxEx 
RR 87.1b 230.4a 80.8b 219.7a .08 .01 .65 
RT 39.1b 40.2a 39.3b 40.1a .51 .01 .35 
ST 36.0b 38.0a 35.3b 37.8a .04 .01 .24 
*Values are Least-square means (LSM)  
Before = before exercise, after= after exercise, Cr=chromium, Ex=exercise 
RR= respiration rate,breath/min, RT=rectal temperature, ºC 
ST= skin temperature ºC 
a,b, Means in the same raw with different superscripts are significantly different 
(P<0.01). 
 
Some blood traits: 
 Exposure to exercise under direct sunlight had no significant effect on Hb 
concentration. However Cr treatment increased hemoglobin concentration (P<0.05, 
Table 2).  
 
Table 2. Effect of chromium supplementation on some blood constituents of 
sheep exposed to exercise under direct solar radation 
Item Control* Cr-Picolinate* ANOVA 
 Before After Before After Cr Ex CrxEx 
Hemoglobin,g/dl 8.6 9.1 9.7 9.6 .05 .66 .54 
Total protein, g/dl 7.33 7.23 7.21 6.85 .36 .39 .61 
Albumin, g/dl 3.71b 3.98a 3.67b 4.08a .67 .01 .37 
Globulin, g/dl 3.62a 3.25ab 3.55a 2.76b .27 .02 .40 
Urea-N,mg/dl 50.36 53.79 48.83 48.45 .08 .41 .33 
Glucose,mg/dl 51.12c 93.13a 55.05c 82.84b .27 .01 .01 
Cholesterol,mg/dl 101.64a 80.18bc 88.03ac 81.93bc .34 .02 .22 
AST,u/l 18.14c 52.86a 16.62c 33.38b .01 .01 .01 
ALTu/l 5.21a 5.93a 4.00b 3.62b .01 .64 .17 
*Values are Least-square means (LSM)  
Before = before exercise, After= after exercise, Cr=chromium, Ex=exercise 
AST= aspartate aminotransferase  and ALT= alanine aminotransferase. 
a,b, c Means in the same raw with different superscripts are significantly different 
(P<0.05). 
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 Chromium supplementation or exposure to exercise had no effect on serum total 
protein, however exposure to exercise under direct sunlight increased (P<0.01) serum 
albumin in both control and Cr-pico treated animals. This increase was more 
pronounced in Cr- treated animals (Table 2). Serum globulin decreased after 
exposure but such decrease was significant in Cr-treated animals. High albumin 
concentration in Cr- treated animals, particularly after exercise is a useful 
physiological mechanism during heat stress. Blood albumin concentration control the 
osmotic pressure of blood and compensate for the loss of water which occurre during 
evaporative cooling mehanism (Khalifa, 1996).  
 In Cr-treated animals, serum urea-N concentration tended to be lower than that of 
controls, both before and after exercise, however the difference was not statisticaly 
significant (Table 2). Similarly, Amoikon et al. (1995) found that plasma urea-N 
concentration was decreased in pigs fed cr-picolinate. 
 Serum glucose concentration increased by about 82% in control and in less level 
(51%) in Cr-supplemented group, in response  to exercise under direct sunlight 
(Table 2). Depew et al. (1998) and Hayirli et al. (2001) attributed this chromium 
effects to increased insulin secretion, consequently enhanced glucose clearance rate. 
(Depew et al., 1998, Bunting et al., 2000 and Hayirli et al., 2001). In addition, 
Chromium supplementation decreased cortisol secretion as stated by Chang and 
Mowat (1992). However, high blood glucose after exercise under direct sunlight is a 
normal physiological reponse due to short exposure to heat stress and/or high cortisol 
secretion, to provide more metabolic substrates necessary for survival under such 
condition (Hadley, 1984 and Kobeisy et al., 1997). 
 Exercise under direct solar radiation decreased serum colesterol concentrations by 
about 21% and 7% in control and Cr- supplemented animals, respectively (Table 2), 
in agreement with Kobeisy et al. (2001) who  reported that heat stress by solar 
radiation decreased serum cholesterol concentration by about 13% in Saidi sheep. 
The decrease of serum cholesterol concentration due to heat stress may be attributed 
to the increase of ACTH, during heat stress, resulting in enhanced adrenal steroid 
synthesis for which cholesterol is precursor (Harper et al., 1977). Before exercise, 
Cr-supplemented animals tended to have lower serum cholesterol concentration 
compared with controls. Chromium picolinate supplementation decreased serum 
cholesterol by about 13%. Also in lambs, Etchalong et al. (1995) found that plasma 
cholesterol concentration was decreased by about 17% (P<0.01) due to Cr–treatment. 
In addition, Bunting et al. (1994) found that total plasma cholesterol was lower 
(P<0.05) in Cr- fed animals, at wk 4 and wk 6 of the experimental period (about 8 
weeks) in Holstein calves and heifers, respectively. 
 
Serum transaminases (AST and ALT): 
 Exercise under solar radiation increased (P<0.01) serum AST concentration by 
about 2.9 and 2.0 folds for control and Cr-treated animals, respectively (Table 2). 
This increase may be a support to the increase of glucose demand or the metabolic 
reaction during heat stress to support high-energy cost of panting (More et al. 1980). 
Similarly, serum AST concentration increased due to direct exposure to solar 
radiation in sheep (Kobeisy et al. 2001) and in Jersey calves (Kobeisy, 1994). 
However, exposure to exercise under direct sunlight had no significant effect on 
serum ALT concentration in both group of animals. Although, Cr-pic-fed animals, 
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both before and after exposure, had lower (P<0.01) ALT concentration than controls. 
Chromium supplementation decreased both AST and ALT concentrations (Table 2).  
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 أضــافة الكــروم علــى األســتجابة الحراریــة والتــنفس وبعــض مقــاییس الــدم فــى األغنــام رتــأثی

  المعرضة لألجهاد الریاضى تحت اشعة الشمس
 

  مصطفى قبیصى، إبراهیم عبد اللة و آدم عبد العزیز

  

لزراعـة،  قسم اإلنتـاج الحیـوانى، كلیـة ا-٢قسم اإلنتاج الحیوانى، كلیة الزراعة، جامعة أسیوط، أسیوط،  -١

  جامعة عدن، الیمن

  

تبحث الدراسة تـأثیر الكـروم فـى العلیقـة علـى معـدل التـنفس وحـرارة المـستقیم والجلـد وبعـض مكونـات الـدم فـى 

ثمانیة وعشرون من النعاج الصعیدى استخدمت فـى هـذة .األغنام المعرضة لألجهاد الریاضى تحت اشعة الشمس

 جــزء فــى ٢٥٠ولـى ضــابطة والثانیـة غــذیت علــى علیقـة مركــزة بهـا قــسمت الحیوانـات الــى مجمــوعتین األ. الدراسـة

تــم .  اســابیع٤  لمــدة (NRC)المجمــوعتین طبقــا لمعــدالت  غزیــت. البلیــون كــروم فــى صــورة بیكولینــات الكــروم

 ظهــرا ١٣-١١تعــریض الحیوانــات الــى األجهــاد الریاضــى تحــت اشــعة الــشمس فــى االســبوع األخیــر ومــن الــساعة 

كمـــا اخـــذت عینـــات دم لتقـــدیر . معـــدل التـــنفس وحـــرارة المـــستقیم والجلـــد قبـــل وبعـــد التعـــرضتـــم تـــسجیل .لمـــرتین 

الهیموجلــوبین ومكونــات الــسیرم مــن البــروتین الكلــى واأللبیــومین والیوریــا والجلوكــوز والكولــسترول وانزیمــات الكبــد 

أرتفع كل من معـدل التـنفس وحـرارة . (SAS)تم تحلیل البیانات بواسطة برنامج  . AST & ALTالناقلة لآلمین 

 بعــد التعــرض لألجهــاد فــى المجمــوعتینز ولكــن مجموعــة الكــروم كــان معــدل (P<0.01) المــستقیم والجلــد معنویــا

ــاد اعلـــى  ــة % ١٧٢(ارتفـــاع التـــنفس نتیجـــة لألجهـ ــادة فـــى حـــرارة %) ١٦٥مقارنـ فـــى حـــین انخفـــضت معـــدل الزیـ

. المعاملة كل من الهیموجلوبین ومكونات السیرم من البروتین والیوریالم تتاثر ب) . م ١.١ مقارنة  ٠.٨(المستقیم 

أدى األجهــاد . أزداد محتــوى الــسیرم مــن األلبیــومین نتیجــة لألجهــاد وكانــت هــذة الزیــادة اكثــر فــى مجموعــة الكــروم

% ٨٢ة أزداد محتوى السیرم من الجلوكوز بواسـط. الریاضى الى انخفاض فى تركیز الجلوبیولین فى المجموعتین

 األجهاد الریاضى واضافى الكروم ادى الى انخفاض. فى المجموعتین الضابطة والمعاملة على التوالى% ٥١و 

(P<0.05) ایــضا اضــافة الكــروم فــى العلیقــة ادى الــى انخفــاض تكیــز انزیمــات الكبــد .  الكولــستیرول فــى الــسیرم

    بواسـطة AST فـى محتـوى الـسیرم مـن     األجهاد الریاضى ادى الى زیـادة(AST & ALT).الناقلة لألمین 

  . مرة فى الضابطة والمعاملة بالكروم على التوالى٢ و ٢.٩

  
 


