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Article Info ABSTRACT
Article type: Background and Objectives: Rams usually experience summer heat
Research Full Paper stress. In addition, due to the high sexual activity during the joining season,

the rams experience doubled stress. Following the stress, the production of
free radicals increases and oxidative stress-related damages occur. High
levels of free radicals cause sperm viability reduction and infertility and
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There are various strategies to reduce the harmful effects of oxidative
Keywords: stress. The supplementation of antioxidants and some trace elements are
Antioxidant important nutritional strategies that have been recommended to combat the
Feed supplements harmful effects of oxidative stress. Therefore, the aim of this study was to
Glucose tolerance investigate the synergistic effect of organic chromium or selenium on post-
Oxidative stress absorptive glucose metabolism and blood plasma antioxidant status in
Trace elements Mehraban rams.

Material and Methods: Sixteen Mehraban rams (2-4 years old, with a
body score of 2.5-3.5 and 70.14 kg in initial body weight) were randomly
divided into four groups (n=4). Treatments included two levels of Se 0 and
0.6 mg/ram/day (in form of yeast selenium) and, two levels of Cr, 0 and 1
mg/ram/day (in form of Cr-Methionine). The experiment lasted for 60
days. The supplements were fed daily and with the morning meal and total
antioxidant capacity and malondialdehyde levels were determined at days
30 and 60 of the experiment. At the end of the experiment, an intravenous
glucose tolerance test was performed. To do this, 0.5 g of glucose/kg BW
as sterile 50 % dextrose solution (w/v) was infused by the jugular vein and
subsequently, blood glucose concentrations were determined at 5, 10, 15,
20, 25, 30, 45, 60, 90, 120, 150, and 180 min post-infusion. Then plasma
glucose kinetics was calculated.

Results: Time effect and treatmentxtime interaction did not impact
malondialdehyde level and total antioxidant capacity. Interaction of
chromium x selenium did impact total antioxidant capacity but did not
affect malondialdehyde level. Total antioxidant capacity was higher and
malondialdehyde level was lower in chromium and selenium groups
compared to the control. Glucose basal and peak concentrations and
amount of change (peak-basal concentrations) after the glucose tolerance
test did not differ among groups. Glucose concentrations were lower in
chromium and selenium co-supplemented compared to the chromium or
selenium-supplemented group at 15, 150, and 180 min glucose post-
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infusion, and a significant chromium x selenium interaction was found (P<
0.05). Interaction of chromium x selenium did not impact glucose
concentration at 20, 25 and 120 min post-infusion but glucose
concentration at the mentioned time points in 1 mg level showed a
tendency to decrease compared to 0 levels. Plasma glucose clearance rate
at 5 to 15 min post-infusion was higher and half-life was lower in
chromium and selenium co-supplemented compared to the selenium-
supplemented group. The main effect of chromium at the mentioned time
interval was significant and 1 mg Cr/day had a higher glucose clearance
rate and lower half-life. The area under the curve at 5 to 15 min post-
infusion did not differ between groups. Regardless of whether the area
under the curve was calculated from 0 to 30 min or O to 45 min, the area
under the curve was lower for the chromium co-supplemented group
compared to the Se-supplemented group.

Conclusion: Results of this study showed that organic chromium and
selenium supplements alone or their combination improves the antioxidant
status of rams in summer but, only the use of chromium alone or combined
with selenium improves the post-absorption glucose metabolism
characteristics. Also, the combined use of those two elements does not
have a synergistic effect on post-absorptive glucose metabolism and blood
plasma antioxidant status in Mehraban rams.

Cite this article: Mehranfrooz, A.H., Farahavar, A., Yavari, M., Ahmadi, A. (2022). Synergistic effect of
organic chromium or selenium on post-absorptive glucose metabolism and blood plasma
antioxidant status in Mehraban rams. Journal of Ruminant Research, 10 (4), 105-120.
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1-Ferric Reducing Antioxidant Power (FRAP)
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Table 1. Feed ingredients and chemical composition of basal diet

VT S eSS S s ) e et iS5
«b Wheat  Soybean Barely Barely  Alfalfa . . . .
. Feed ingredients and chemical composition
Basal Bran Meal Grain Straw Hay (as % of Dry Matter)
diet  (7.5%) (3%)  (19.20%) (28%)  (42%)
Dry Matter (Ao ys) i sl
93.20 89.1 91.00 91.00 95.23 93.1
(%)
Crude Protein L s
1330 165 44.00 11.3 4.41 145 (o) ot o
(%)
(3 s ke LG 550
218 250 3.1 3.00 15 o eSS >V”j’“' S
Metabolizable Energy (Mcal/Kg)
s osle ECN LUl
3220  46.00 9.00 2086 775 4386 (St wale chop2) (8 oo 02 el S
Neutral Detergent Fiber (% of Dry Matter)
(i esle ) oo o 55 J LUl
2031 1300  6.00 700 5300 3256 _ 00 Sl e 2 Jel S
Acid detergent fiber (% of Dry Matter)
2.03 0.05 0.28 0.063 0.06 Calcium (%) (4 33) oS
0.24 0.24 0.70 0.38 0.07 0.19 Phosphorus (%) (Ao 2) i
3243  471.89 74.42 47192 7826  492.48  lron (ppm) (lzs) ol
2.65 18.70 16.74 18.82 7.15 20.13  Zinc (ppm) (elss) s
7.09 2.90 2.87 2.8 5.20 1555  Copper (ppm) (i) o
0.06 Selenium (plom) podee
(ppm)
161 Chromium (pl— ) 05
(ppm)

Jahio Sl esliial Ly aS ol Kot sl p S 4S5y (s S bl s il e BB (53,31 =Y sl pleb Sod s3T5 sl 42l 0

el o 3,51 (Y4 VINRC

1. Basal diet contains 0.3% NaCl; 2. Metabolizable energy as Mcal/Kg was estimated by using NRC (2007).
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1-Intravenous Glucose Tolerance Test (IVGTT)
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Table 4. The effect of organic selenium alone or combined with organic chromium on blood plasma
antioxidant status in rams'

53 dsns,Se) dadll 65 04l
(LBl ke (Ledly A o 5> Ues So0) e 035 e
FRAP’ Malondialdehyde Selenium Chromium Treatments
(umol/ml plasma) (umol/ml plasma)
491.79° 2.61° 0 0 1
575.70° 1.67° 0 1 2
561.54% 1.95° 0.6 0 3
517.47% 1.48° 0.6 1 4
19.61 0.19 SEM
¢35 el i :Crmain effect
533.76 2.28°
539.51 1.57° 1
45.24 0.13 SEM
pob Lol 1 :Se main effect
526.67 2.14 0
546.59 1.71 0.6
45.24 0.13 SEM
P value
0.32 <0.01 ¢55 4 Cr Effect
0.77 0.02 e sk 1 Se Effect
<0.01 0.20 p55% ook Lz 3 Cr x Se interaction
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el 100l C]a.»p;l:‘_;:u Sl 3 g g ediasOlis By A 5 Ot ey Dol
1- FRAP: Ferric Reducing Ability of Plasma as index of total antioxidant capacity. SEM: standard error
of means, Different letters in each column and each part show statistically significant difference at 5%.

L ps S plss esliil Jragsy cul 53 (Y41 Jain DS lallas 53 rass nl S b geen
Slagarli 5 Led e gl 4 Sl i Shesleul J&is bam S5 Sl Slao 5o 4SS
52 At s ) S5 IS ed plie Ly B oalS Lol dldalin JoSia ol pon w50t £ S
SIS ey psibe 505 S ol aslizals e oatls S Ol s oS deadll (53 Oglle e
andllas o Ll il cal 5,18 sl il s s Moeini) 555 o Sl sl O senlilS) L 6l
(S35 Olajar O s 45 Sl oddesly 0L gl ol eddnlgly el Sl (YA O
b el Slis b sla rse 3 ps S 5 gl SB35 5ty 03 £S5 5 oo S
Sy SIS Jams Sl el (gl e FSc RN T S UG-t PP KW | It
Dlojod b pme Yatml o8 ool dislgiing immes Ol (YY) OLSen 5 Ya0) s f3a Lo
Cnslin 5y 6l Sl SO Wl e 4wyl bl )3 e L 51T 55 4S ol slosls
Lk solal obs oo SIS e e 5 ) sl 53 Pl 5 V=g 55 Calis o 54 b oleny 51 (6ol
Y YY OLKs 5 Yao) s Rains) 5l CGas Cl 5 Wdsey e Slasely

\BN4



V€+Y & D)Lo.n.:} e 0,90 ‘ulf.ms)l,:w » um.hg).'

by edstlie o allen 155 OF ol eslind IS (G S A

O Glewdl SlnSt 5 Cunss 5 SIS Ol JoSla 5l eslial oS sls Ol tasn b
23,10 o2l 93 0T oS5 L s plese JT ek 5 05 S
laz 8 lawdl GlenSI ST Conss 35 ol
d,l}iwl:,n fjjs 3l eslaral Jaas (Ll Ssd e Ol J.,a_e 53
b e o203 Jlo delons U 2053 s ol opade LSS o b olete
RG] aMrbu\(\'Y\'V-\ @LA}}“, a)l.o...i: L) Oldlea W ;;;J jsj,l‘f u.)o— L"‘i éuw‘f

&l

Ahsan, U., Kamran, Z., Raza, |., Ahmad, S., Babar, W., Riaz, M.H. and Igbal, Z. 2014. Role of
selenium in male reproductionA review. Animal Reproduction Science, 146(1-2): 55-62.

Al-Salmi, F. A. and Hamza, R. Z. 2022. Efficacy of vanadyl sulfate and selenium tetrachloride
as anti-diabetic agents against hyperglycemia and oxidative stress induced by diabetes
mellitus in male rats. Current Issues in Molecular Biology, 44(1): 94-104.

Benzie, I.F. and Strain, J.J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
antioxidant power: the FRAP assay. Analytical Biochemistry, 239, 70-76.

Bin-Jumah, M., Abd El-Hack, M.E., Abdelnour, S.A., Hendy, Y.A., Ghanem, H.A., Alsafy,
S.A. and Aleya, L. 2020. Potential use of chromium to combat thermal stress in animals: A
review. Science of the Total Environment, 707: 135996.

Buege, J.A. and Aust, S.D. 1978. Microsomal lipid peroxidation, Methods. Enzymology.
Academic Press, 302.

BV, S.K., Ajeet, K. and Meena, K. 2011. Effect of heat stress in tropical livestock and different
strategies for its amelioration. Journal of Stress physiology and Biochemistry, 7(1): 45-54.
Chalmeh, A., Pourjafar, M., Badiei, K., Mirzaei, A., Jalali, M. and Sebdani, M.M. 2021. Effects
of dietary antioxidants on glucose and insulin responses to glucose tolerance test in transition

dairy cows. Domestic Animal Endocrinology, 75:106602.

Hawkes, W.C., Alkan, Z., Lang, K. and King, J.C. 2004. Plasma selenium decrease during
pregnancy is associated with glucose intolerance. Biological Trace Element Research,
100(1): 19-29.

Janes, A.N., Weekes, T.E.C. and Armstrong, D.G. 1985. Absorption and metabolism of glucose
by the mesenteric-drained viscera of sheep fed on dried-grass or ground, maize-based diets.
British Journal of Nutrition, 54(2): 449-458.

Kitchalong, L., Fernandez, J.M., Bunting, L.D., Southern, L.L. and Bidner, T.D. 1995.
Influence of chromium tripicolinate on glucose metabolism and nutrient partitioning in
growing lambs. Journal of Animal Science, 73(9): 2694-2705.

Kneeskern, S.G., Dilger, A.C., Loerch, S.C., Shike, D.W. and Felix, T.L. 2016. Effects of
chromium supplementation to feedlot steers on growth performance, insulin sensitivity, and
carcass characteristics. Journal of Animal Science, 94(1): 217-226.

Lai, M.H. 2008. Antioxidant effects and insulin resistance improvement of chromium combined
with vitamin C and E supplementation for type 2 diabetes mellitus. Journal of Clinical
Biochemistry and Nutrition, 43(3): 191-198.

Leahy, T., Marti, J.I., Evans, G. and Maxwell, W.M. C. 2010. Seasonal variation in the
protective effect of seminal plasma on frozen—thawed ram spermatozoa. Animal
Reproduction Science, 119(1-2): 147-153.

Marai, I.F.M., El-Darawany, A.A., Fadiel, A. and Abdel-Hafez, M.A.M. 2007. Physiological
traits as affected by heat stress in sheep a review. Small Ruminant Research, 71(1-3): 1-12.

A



Oy 5 59,41 0 (s yoo! | opmd o 2 I oosibon 9 09,5 S JoSo 21381 02 1

Mehaba, N., Coloma-Garcia, W., Such, X., Caja, G. and Salama, A.A. 2021. Heat stress affects
some physiological and productive variables and alters metabolism in dairy ewes. Journal of
Dairy Science, 104(1): 1099-1110.

Moeini, M.M., Kaki, S., Hozhabri, F. and Nikosefat, Z. 2018. Effects of mixed Blackseed with
chromium-methionine or zinc-methionine supplementations on serum components and
physiological responses in Sanjabi lambs during road transportation. Journal of Ruminant
Research, 6(1): 85-100. (In Persian).

Mousaie, A., Valizadeh, R., Naserian, A.A., Heidarpour, M. and Mehrjerdi, H.K. 2014. Impacts
of feeding selenium-methionine and chromium-methionine on performance, serum
components, antioxidant status, and physiological responses to transportation stress of
Baluchi ewe lambs. Biological Trace Element Research, 162(1): 113-123.

National Research Council. 2007. Nutrient requirements of small ruminants: sheep, goats,
cervids, and new world camelids. National Academic Science, Washington, DC. 300.

O’brien, M.D., Rhoads, R.P., Sanders, S.R., Duff, G.C. and Baumgard, L.H. 2010. Metabolic
adaptations to heat stress in growing cattle. Domestic Animal Endocrinology, 38(2): 86-94.

Ortavant, R., Bocquier, F., Pelletier, J., Ravault, J. P., Thimonier, J. and Volland-Nail, P. 1988.
Seasonality of reproduction in sheep and its control by photoperiod. Australian Journal of
Biological Sciences, 41(1): 69-86.

Rains, J.L. and Jain, S.K. 2011. Oxidative stress, insulin signaling, and diabetes. Free Radical
Biology and Medicine, 50(5): 567-575.

Rani, V., Deep, G., Singh, R.K., Palle, K. and Yadav, U.C. 2016. Oxidative stress and metabolic
disorders: Pathogenesis and therapeutic strategies. Life Sciences, 148: 183-193.

Rose, M.T., Obara, Y., Itoh, F., Hashimoto, H. and Takahashi, Y. 1997. Non-insulin-and
insulin-mediated glucose uptake in dairy cows. Journal of Dairy Research, 64(3): 341-353.
Samsell, L.J. and Spears, J.W. 1989. Chromium supplementation effects on blood constituents

in lambs fed high or low fiber diets. Nutrition Research, 9(8) :889-899.

Spears, J.W., Whisnant, C.S., Huntington, G.B., Lloyd, K.E., Fry, R.S., Krafka, K. and Hyda, J.
2012. Chromium propionate enhances insulin sensitivity in growing cattle. Journal of Dairy
Science, 95(4): 2037-2045.

Stapleton, S.R. 2000. Selenium: an insulin mimetic. Cellular and Molecular Life Sciences
CMLS, 57(13): 1874-1879.

Torrance, C.J., deVente, J.E., Jones, J.P. and Dohm, G.L. 1997. Effects of thyroid hormone on
GLUT4 glucose transporter gene expression and NIDDM in rats. Endocrinology, 138(3):
1204-1214.

Yao, X., Liu, R., Li, X., Li, Y., Zhang, Z., Huang, S. and Yang, X. 2021. Zinc, selenium and
chromium co-supplementation improves insulin resistance by preventing hepatic
endoplasmic reticulum stress in diet-induced gestational diabetes rats. The Journal of
Nutritional Biochemistry, 96, 108810.

4



VY





