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SUMMARY

A total number of 47 one week age sucklir

were assigned to two groups, a control group rec
supplement and the other received supplemental ascq
animal every other day). At the age of 9 weeks ar
direct sunlight and direct sunlight with exercise with v
km/h) under solar radiation. Some physiological
parameters were measured. Lambs exposed to sola

ig Chios crosses lambs
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yrbic acid (2 grams per
imals were exposed to
valking for one hour (4

and hematological
radiation and exercise

showed highly significant P(0.01) increase in

espiratory rate and

temperatures of rectum, skin and wool. Ascorbic acid treated lambs had
lower respiratory rate and rectal temperature than cpntrol lambs. Exposure

to solar radiation and exercise decreased the conce
(Hb), packed cell volume (PCV) %, total count
/mm3blood, serum glucose and thyroxin (T4), whi
serum albumin, cholesterol and cortisol hormone

ascorbic acid reduced the changesin PCV, % , Hb
due to sun exposure and exercise. Dietary ascorbic
concentration and decreased serum cortisol hormo
that dietary ascorbic acid could improve heat tolera
suckling lambs.
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INTRODUCTION

It is generally considered that ruminants
ascorbic acid for normal growth and develop
requirement of ascorbic acid has been recommende
(Itzeova, 1984). However, suckling animals may
acid deficiency (Wegger and Moustgaard, 1982).
improved the performance and blood profile of

rations of hemoglobin
f RBC's and WBC's

e the concentrations of
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ce and blood profile in

itology - Ascorbic acid,

can synthesis enough
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for the adult ruminants
ave a marginal ascorbic
Dietary ascorbic acid
uckling buffalo calves

(Kobeisy and Abd EI-All, 1993). Dietary ascorfiic acid improved heat
tolerance and blood profile of suckling jersey calyes exposed to direct sun
light under Upper Egypt condition (kobeisy, 1994). As there is no available

data on the effect of ascorbic acid on suckling lam

s’

this study was carried

out to determine this effect on physiological and hematological responses to

heat stress.
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MATERIALS and METHODS

Forty seven suckling Chios crosses lambs one week age were used
where, 3/4 Chios x 1/4 Ossimi (31) and 1/2 Chios x 1/2 Ossimi (16) were
classified to two groups, a control group receiving no ascorbic acid
supplement and an ascorbic acid treated group received supplemental
ascorbic acid (2 grams ascorbic acid per animal every other day). The
experiment lasted for 8 weeks, from the first to the ninth week of age,during
summer season. Animals were subjected to exposure to solar radiation and
exercise during the 8 th and 9 th week of age, respectively. Exposure to solar
radiation was for two hours, from 12.00 to 14.00 hours and exercise was by
walking for one hour (4 km/h) from 12.00 to 13.00 hours under solar
radiation. Average ambient air temperature and relative humidity during sun
exposure and exercise were 34.9, 35.4 °C and 47.8, 49.3 %, respectively.
Respiratory rate and temperatures of rectum, skin and wool were recorded.
Blood samples - were taken just before and after exposure to both treatments
where blood samples transferred to two dry, clean and sterilized vials one
without heparin and the other contained heparin (1 gm/1000 blood). Serum
was then separated from the whole blood by centrifugation at 4000 r.p. for
15 min,, frozen and stored at -20° C until subseguent analyses. Total red
blood cells and total white blood cells (count/mm- blood) were determined
by using hemocytometer. Hemoglobin (Hb) concentration in g/dl was
determined by using kits supplied by Diamond Diagnostics (Egypt). Packed
cell volume percent (PCV, %) was measured according to Schalm (1986).
Serum total protein was determined using kits supplied by Sclavo diagnostics
(Italy). Serum glucose, cholesterol, aspartic aminotransferase (AST) and
alanin aminotransferase (ALT) concentrations were determined using test
kits supplied by Diamond Diagnostics (Egypt). Serum albumin concentration
was determined using test kits supplied by biomerieux (France). Serum
thyroxine (T4), triiodothyronine (T3) and cortisol concentrations were
determined using a commercial enzyme immunoassay kits supplied by diatech
diagnostics incorporation. (USA).

Data were statistically analyzed using general linear model (GLM)
procedure of SAS (1982).

RESULTS and DISCUSSION
1- Thermorespiratory responses
Sun exposure and exercise increased (P< 0.01) respiratory rate (RR),
rectal temperature (RT), skin temperature (ST) and wool temperature (WT)
(Table 1 and Figs. 1 to 3). Animals exposed to exercise showed always
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higher values of RR and RT than that exposed to solar radiation (Table 1 and
Figs. 1to 3). This effect was mainly attributed to accumulation of heat in the
body due to the increase in heat gain by either radiation|or muscular activity,
consequently increased core body temperature and/or rectal temperature,
which stimulates the mechanism of heat dissipation through skin and
respiration. In fact, the mainly way of heat loss in heat stressed sheep is
panting (Ulberg, 1971). In the present study respiratory rate increased by 3.9
and 3.4 folds in control and 3.4 and 3.8 in treated lamb$ due to sun exposure
and exercise, respectively, Similar results were found by Khalifa (1982) and
Shalaby (1996) in sheep.

Dietary ascorbic acid decreased RR and RT, ST and WT during both
experiments, sun exposure and exercise. (Table 1 and Figs. 4 & 5). Similarly,
Kobeisy (1994) found that ascorbic acid treated ¢alves maintain their
respiration efficiency by increasing the depth of air| exchange ratner than
increasing their respiratory rate. This results means that dietary ascorbic acid
may be useful in heat stressed suckling lambs.
2- Hematological response.

Exposure to solar radiation or exercise {inder direct sunlight
decreased Hb concentration, total RBC's, WBC's (¢ount/mm3 blood) and
PCV,%, most of such differences were significant (Tgble 2 and Fig. 6). This
may be due to hemodilution effect occurred during exposure to heat stress as
an adaptive mechanism to replace the water lost by eyaporative cooling and
to increase the blood volume (Paape et al. 1972). Alsd the higher destruction
of RBC's occurred during heat stress may be involved (Khalifa, 1982 and
Kobeisy, 1994).

Ascorbic acid treated lambs tended to have higher Hb, RBC's WBC's
and PCV, % (Table 2). Higher Hb, RBC's and P(V,% values in ascorbic
acid treated lambs may be related to the involvement|of ascorbic acid in iron
metabolism and subsequently Hb and RBC's formatjon by: 1)Enhancing its
absorption (Nandi et al., 1977). 2) Increasing bioavailability of nonheme iron
by reducing the ferric ions in the stomach and forming complex compounds
available for absorption by mucosal cells of duodenunt (Volker et al. 1984).

Dietary ascorbic acid significantly increased (P< 0.01) the total
WBC's count/mm3 blood (Table 2). Such effect may be related to the
protected effect of ascorbic acid on leukocytic membrfane from autooxidation
(Jaffe, 1984). Similar results were reported in Guinga pigs (Mahan and Saif,
1983) and buffalo calves (Kobeisy and Abd-El-All, 1993).
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3- Serum metabolites

Control lambs exposed to both direct solar radiation and exercise had
significantly higher (P< 0.01) serum total protein and albumin (Table 3).
Such higher serum albumin concentration during heat stress is due to either
solar radiation or solar radiation with exercise, is a useful physiological
response, which maintain higher plasma volume, since the significant increase
of serum albumin is responsible for controlling the osmotic pressure and flow
of water between blood and tissue fluids to compensate the loss of water
occurred during exposure to heat stress (Khalifa, 1996).

Ascorbic acid treated lambs tended to have a higher serum total
protein, albumin and globulin concentrations, particularly before sun
exposure and exercise, than controls (Table 3), This indicate the biological
activity of ascorbic acid in the metabolism of amino acid and protein
synthesis through its availability of protein molecule (Schonheyder and
lyaglye, 1962) and stimulating enzymes responsible for metabolism of protein
(Cesh and Battacharya, 1966). However after sun exposure and exercise the
change in serum albumin concentration in control lambs was higher than
treated ones (Table 3), This means a higher effort exerted by the control
lambs to increase serum total protein and its fraction, particularly albumin, to
control the osmotic pressure of blood and compensation the loss of water
occurred during evaporative cooling mechanisms. On other words, control
animals may be severely affected by heat stress than ascorbic acid treated
ones.

Serum glucose concentrations significantly decreased (P< 0.01) after
both sun exposure and exercise where in control animals it decreased by 6%
and 10 % due to solar radiation and exercise, respectively (Table 3 and Fig.
7). This decrease may be related to the rapid utilization of blood glucose by
respiratory muscles due to a high (P< 0.01) respiration rate (Table 1).
Hemodilution occurs during evaporative cooling mechanism may be
involved. Ascorbic acid treated lambs tended to have a higher serum glucose
level, both before and after sun exposure and exercise (Table 3).

Serum cholesterol concentration increased after sun exposure and
exercise (Table 3). This effect may be due to the lipolytic effect of cortisol
hormone (Hadly, 1984), which was higher after exposure to both direct sun
light and exercise (Table 4). However the significant decrease (P< 0.01) of
serum cholesterol concentration in ascorbic acid treated lambs (Table 3) was
mainly due to the effect of ascorbic acid on degradation of cholesterol to bile
salts and decrease its deposition in blood vessels (Ginter, 1975).
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4- Serum transaminases (AST and ALT).
Lambs exposed to both direct sun light or exertise exhibited slight
insignificant increase in serum AST and ALT (Table 4), which suggested
increased their activity with rising temperature that accompanied with
acceleration of metabolic reactions (Shaffer et al., 1981). No significant
effect of ascorbic acid was observed on AST and ALT (Thble 4).
S- Thyroid hormones (T3 and T4) and cortisol.
Suckling lambs exposed to direct sunlight and exercise significantly
had a lower (P< 0.01) serum T4 concentration and higher (P< 0.01) serum
cortisol (Table 4 and Figs. 8 & 9). However no significant changes in serum
T3 concentration after sun exposure and exercise (Tdble 4). The inverse
relationship between thyroxin secretion and air ambient temperature is useful
as a compensatory adjustment to decrease the differgnce between heat
production and heat loss to a lower limit as could as possible, while the
increase of cortisol level is very important during heat stress, to provide
more metabolic substrates necessary for survival in the absence of hepatic
glycogen (Hadly, 1984).
Ascorbic acid treated lambs had a higher serum T4 either before or
after sun exposure and exercise. The higher serum T4 in treated lambs
indicated the positive effect of dietary ascorbic acid on thyroid weight (Al-
Janabi et al., 1988), and its important role in the fgrmation of thyroid

1993) and Chicken (Esa, 1992) supplemented with asc
to the increase in thyroid hormones.

Ascorbic acid treated lambs subjected to solar radiation and exercise
had relatively lower serum cortisol level than contr{ ones, except after
exercise (Table 4). This may be attributed to the effett of ascorbic acid on
reduced glucocorticoids synthesis by the adrenal cprtex (Thaxton and
Pardue, 1984).
Conclusion

Dietary ascorbic acid, as an antioxidant nutrienf can be used to solve
heat stress problem in suckling lambs. It releases orl decreases heat stress
through different physiological effects. These are: 1} Decrease of rectal
temperature and respiratory rate, 2) Increase of blopd cells (RBC's and
WBC's), hemoglobin concentration and PCV,%. 3) [With the increase of
serum albumin concentration, plasma volume will be jncreased, 4) Increase
of cortisol hormone to provide extra energy of glucase for different bodily
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reactions. 5) Increase of serum thyroxin concentration to avoid the adverse
effect of heat stress on animal performance.
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Table 1. Effect of sun exposure and exercise on respiratory rate

(breath./min.) and rectal, skin and wool temperatures (° C)of
suckling lambs fed ascorbic acid.

[tem * Control Ascorbic acid ** S.E.of
A B A B L.S.M.
Sun exposure
Respiratory rate 416¢ 10219 386C 13009f 466

Rectal temperature  395¢ 4069  394C 405d 0.06

Skin temperature 379¢ 3979 376¢ 396d 0.12

Wool temperature 366¢ 389d 363¢c 3874 0.17
Exercise

Respiratory rate 535¢ 18049e 426C 161.89f 432

Rectal temperature  39.7¢  414d  395¢c  413d 0.08

Skin temperature 376¢ 398d 373¢ 39.7d 0.17

Wool temperature 360¢ 388d 356C¢ 3837d 0.21

* Values are least-squares means = standard error of L. S. M.

A = Before exposure, B= After exposure.

** Ascorbic acid, animals fed 2 gm ascorbic acid/ animals every other day.

cd; ef(P<0.01).

Table 2. Effect of sun exposure and exercise on some hematological
parameters of suckling iambs fed ascorbic acid.

Item * Control Ascorbic acid ** S.E.of
A B A B LS M

Sun exposure
Hemoglobin, g/d! 10.38¢ 94493 1049¢ 9s8gdh 0.16

Total RBC's countmm Jblood  12.40¢ 10509 13.09¢ 11479 025
Total WBC's countmmblood  8.48¢  7.47di  gogcd 868di  0.10

PCV % 3250 3039fi 3237 3068] 0.79
Exercise
Hemoglobin, g/dl 9.919 9.32 he 10.23 9.74 0.18

Total RBC's count/mm 3biood  11.809 10.77he 12709 1151h 035
Total WBC's counmm3biood  8.25€i  803di  9ooci 86249 0.09
PCV % 32.39 30.95 32.67 31.03 .86
* Values are least-squares means = standard error of L. S. M.

A = Before exposure, B= After exposure.

** Ascorbic acid, animals fed 2 gm ascorbic acid/ animals every other day.
cd;ij(P<0.01),gh (P<0.05).
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Table 3. Effect of sun exposure and exercise on some blood

of suckling lambs fed ascorbic acid.

metabolities

ltem * Control Ascorbic acid *[' S.E.of

A B A B L.S. M.
Sun exposure

Total protein, g/dl 7.66 7.95 8.1 8. 017

Albumin, g/d| 356C¢ 394de  3p5¢€ 380f 0.05

Globulin, g/d! 411 4.01 4.46 4.42 0.15

Glucose, mg/d| 5928¢ 55499 §572¢ 58.14d 1.85

Cholesterol, mg/dl 132.47¢ 13731¢ 107959 11195d 2.37

Exercise

Total protein, g/dl 7.73¢€ g22f 7.99 8. Q.17

Albumin, g/dl 346¢ 388d 357 363 Q.04

Globulin, g/dl 422 '4.34 4.39 445 0.14

Glucose, mg/d| 60.48 54.84 7157¢ 6371d 2.07

Cholesterol, mg/dl  133.03€¢ 141.147¢ 105.10e8d 11355fd 275

* Values are least-squares means % standard errorof L. S. M.

A = Before exposure, B= After exposure.

** Ascorbic acid, animals fed 2 gm ascorbic acid/ animals every ¢ther day.

c.d (P< 0.01), e,f (P< 0.05).

Table 4. Effect of sun exposure and exercise on serum
(GOT and GPT), thyroid hormones (T3 and T4)
suckling lambs fed ascorbic acid.

ansamingses
nd cortigql of

1

ltem * Control Ascorbic acid ** S.E.of

A B A B L.S. M.
Sun exposure

AST, u/l 36.36 35.46 33.80 35.30 1.71

ALT, u/l 15.16 16.45 15.81 15.12 0.66

T3, ng/l 133 14 125, 1.26 0.10

T4, ng % 391¢  308dk 489¢ 3620 0.20

Cortisal, ng/dl 198¢ 378di 1.78 2541 0.28

Exercise

AST, u/l 36.03 7.3 33.52 33.96 1.78

ALT, u/l 14.84 15.55 15.22 15.11 0.64

T3, ng/l 112, 159 1.22 149 0.26

T4,ng % 406¢  313d 464C 347 0.16

Cortisol, ng/dl 1959 302h  189¢ 325 0.33

* Values are least-squares means # standard error of L. S. M.

A = Before exposure, B= After exposure.

** Ascorbic acid, animals fed 2 gm ascorbic acid/ animals every other day.

¢.d; ij (P<0.01), g,h (P< 0.05).
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[EaBefore IARer o

Sun exposure Exercise
Sun exposure= exposure to solar radiation for two hours

Exercise= walking for 1 hr, 4 km/hr, under direct sun fight.
Fig. 1. Effect of sun exposure and exercise on respiration rate of
suckiing lamhs.
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[DBefore at.posuf 1
ERAfter exposure
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35
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AT sT WT
Sun exposure= exposure to solar radiation for two hours

Fig. 2. Effect of sun exposure on rectal (RT), skin {(ST) and wool (WT)
temperatures of suckling lambs.
c

RT ST
Ewxercise= walking for 1 hr, 4 km/hr, under direct sun light.

Fig. 3. Effect ot evarcise on rectal (RT), skin (ST) and woo! (WT)
temperatures of suckling lambs.
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Breath /min
[OBefore exposure
70 PR After exposire
120
70
20
Corfrol lambs Treated lambs
Sun exposure= exposure to solar radiation for two hours.
Fig. 4. Respiration rate in control and ascorbic acid treatad lambe as
influenced by sun exposure.
Breath/min
[“Before exercise
ERAfter exercise
170 o
120
m .......
20
Control lambs Treated lambs
exercise= walking for 1 hr, 4 km/hr, under direct sun light.
Fig. 5. Respiration rate in control and ascorbic acid freated lambs as

influenced by exercise.

08§

*Sun exposure **Exercise
*Sun exposures= exposure to solar radiation for two hours
**Exercise= walking for 1 hr, 4 km/hr, under direct sun light.

Fig. 6. Effect of sun exposure and exercise on packed ¢ell volume

{PCV.%) of suckiing lambs.
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e
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¥ 8 B & 3

50
Sun exposure* Exercise**

*Sun exposure= exposurs to solar radiation for two hours
**Exercise= walking for 1 hr, 4 km/hr, under direct sun light.
7. Serum glucose conceniration of suckling lambs as influenced by
sun exposure and exercise.

o (Cosire |

45

Exerclse**
*Sun exposure= exposure to solar radlation for two hours
**Exercise= walking for 1 hr, 4 km/hr, under direct sun light.
8. Serurn thyroxine hormone (T4) concentrations of suckiing lambs
subjected to sun exposure and sxercise.

(=]
35 Before EBAfer

25

Sun exposure* Exercise**
*Sun exposure= exposure to solar raciation for two hours
**Exercise= walking for 1 hr, 4 km/hr, under direct sun light.

8. Serum cortisol concentralion of suckling lambs subjectsd to sun
expnsure and exercise.
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