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Abstract

Forty New Zealand White rabbits about 5 weeks of age and 650 g
average initial body weight, were assigned to four experimental groups
(ten rabbits each). Rabbits were randomly placed in individual wire cages.
Rabbits were fed a commercial diet containing 17% crude protein (CP)
and 2700 Kcal digestible energy (DE) and orally supplemented with vita-
mins as follows: 0 supplementation as control group (1), 20 mg vit. C,
10 mg vit. E and 20 mg vit. C + 10 mg vit.E/animal/day for groups 2, 3
and 4, respectively.

Maximum and minimum temperature degrees and relative humidi-
ty were recorded daily out and indoor during the experimental periods (8
weeks). Experiment was conducted during summer season (June-July,
2001) with an average temperature ranging between 35 and 21 °C and
75% of relative humidity indoor and ranging between 36 and 20 °C and
73% of relative humidity outdoor.

Body weight and feed intake were recorded biweekly, body gain
and feed conversion were calculated. Rectal temperatures (RT) and res-
piration rate (RR) were measured biweekly. By the end of the experimen-
tal period, blood samples were taken for haemoglobin (Hb), hematocrit
(Ht), total protein(TP), albumin (Alb), cholesterol, glutamic oxaloacetic
transaminase (GOT), pyruvic transaminase activity (GPT), blood urea ni-

trogen (BUN) and alkaline phosph ys. White blood cells diffe-
rential and carcass traits have been done for four rabbits from each
group.

Results showed that vitamins supplementation improved signifi-
cantly (P<0.05) body weight, body weight gain and feed/gain ratio com-
pared to the control group, while no significant differences between vita-
min groups.

There were no appreciable effects for vitamins C and/or E on car-
cass traits, but great improvements were noticed for, Ht, Hb, GOT, GPT,
TP, Alb, globulin and lymphocytes type due to vitamin Supplementation.
A significant reduction were recorded for cholesterol, RR, RT, BUN and
Alk. Phos. with vitamins groups compared to control group. Supplemen-
tation of vit. C and Vit. C + E recorded the best albumin/globulin ratio
(Alb/glob) compared to other groups. It is easy to conclude that those
two vitamins are essential in enhancing the immune system especially
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these days due to their roles as antioxidants and provide protection
against toxicity of heavy metals and wide spread environmental poliu-
tion.

INTRODUCTION

Rabbits have a very rapid growth rate during the first three months of life. Rapid
growth makes these animals very sensitive to non-specific syndrome because of the
rate of metabolism and cell division which is very high compared to that of other mam-
mals. So, during this period of rapid growth, any nutrient deficiency or any kind of phys-
iological or environmental stress and diseases is likely to have major effects (Ismail,
1993).

Nutrition has a profound effect on growth, immunity and health in animals,
etc...., and the nutritional deficiencies impair immune responsiveness and thereby, in-

crease mortality, subsequently the production capacity.

Biological membranes contain relatively high concentration of polyunsaturated
fatty acids, making them susceptible to lipid peroxidation, and it is important to use an-
tioxidants to protect the lipid components against oxidation (Combs and Regenstein,
1980).

Highly reactive oxygen species such as superoxide anion radical (Og), hydroxyl
radical (Ho), hydrogen peroxide (HoOz) and single oxygen ('O,) are continuously pro-
duced in the aerobic cellular metabelism. In addition, phagocytic granulocytes undergo
respiratory burst to produce oxygen radicals to destroy the intracellular pathogens.
However, these oxidative products can in turn damage health cells if they are not elimi-

nated.

Antioxidants serve to stabilize these highly reactive free radicals, so maintaining
the structural and functional integrity of cells. Therefore, antioxidants are very impor-
tant to immune defense and animal health, consequently, to their production capacity
(Chew, 1995).

Vitamins A, C and E are naturally antioxidant nutrients that play important roles
in animal health by inactivating harmful free radicals produced through normal cellular

activity and from various stressors (physiological or environmental), also, through in-
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creasing the immunity responses and disease resistance (McDowell, 1989).

Vitamin C may be, especially, important in this day and age of wide spread envi-
ronmental pollution because it combats the effects of many toxins, including ozone,
carbon monoxide, hydrocarbons, pesticides and heavy metals. It appears that, vitamin
C fights off these pollutants by stimulating enzyme in the liver that detoxifies the
body. Several studies indicated that, vitamin C reduced chromosome abnormalities in
workers exposed to pollutants such as coal tar, styrene, methyl methacrylate and ha-
logenated ethers (Gary, 1994 and Chew, 1995). Another way in which vitamin C pro-
tects us is by preventing the developments of nitrosamines, the cancer-causing chemi-

cals that stem from nitrates contained in many foods.

Anyhow, we cannot neglect the big role of vitamin E in protecting leukocytes and
macrophages during phagocytosis, where, vitamin E may help these cells to survive the
toxic product that are produced in order to effectively kill ingested bacteria (McDowell,
1989). Mice fed vitamin E deficient diets are unable to produce a vigorous humoral re-
sponse (McDowell, 1989), and, this decreased immune reactivity. Large doses of vita-
min E protected chicks against E. Coli with increased phagocytosis and antibody pro-
duction (McDowell, 1989). Supplementation with vitamin E to calves were able to
maximize their immune responses compared to calves receiving low dietary vitamin E.
Vitamin E as antioxidant helps to protect against the damaging effects of free radicals,
which may contribute to the development of chronic disease such as cancer, and may
block the formation of nitroamines which are carcinogens formed in the stomach from
nitrites consumed in the diet. It may also protect against the development of cancer by
enhancing immune function as reported by McDowell (1989) who suggested that, vita-
min E defends against the ill-effects of smog, smoking and sun and that it might pre-
vent certain cancers and aging of the skin and strengthens and boosts the immune sys-
tem. Vitamin E stabilizes membranes and protects them against free radical damage;
protects the lungs against damage from air pollutants, prevents tumour growth, pro-
tects tissues of the skin, eye, liver, breast and muscle, maintains the biological integrity

of vitamin A and increase the body stores of this vitamin.

This study will discuss the role of vitamins C and E supplementation on enhance

ceryain aspects of immune function, disease etiology and growth performance of grow-
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ing rabbits through the summer season.

MATERIALS AND METHODS

Forty New Zealand White rabbits about 5 weeks of age and 650 g average initial
body weight were assigned to four experimental groups. Ten rabbits were randomly
placed in individual wire cages for each treatment. Rabbits were fed a commercial diet
containing 17% CP and 2700 Kcal DE (Table 1), and orally supplemented with vitamins
as follows: 0 supplementation as control group (1), 20 mg vit. C, 10 mg vit. E and 20
mg vit. C + 10 mg vit.E/animal/day for groups 2, 3 and 4 respectively. Feed and water

were available ad libitum.

Maximum and minimum temperature degrees and relative humidity were recorded
daily out and indoor during the experimental periods (8 weeks). Experiment was con-
ducted during summer season (June-July, 2001) with an average house temperature
(indoor) ranging between 35 and 21 °C and 75% of relative humidity and ranging be-
tween 36 and 20 °C and 73% of relative humidity outdoor. Body weight and feed intake
were recorded biweekly, body gain and feed conversion were calculated. Rectal temper-
atures (RT) and respiration rate (RR) were measured biweekly. By the end of experi-
mental period, blood samples were taken for determination of haemoglobin concentra-
tion, hematocrit, (total protein and blood urea nitrogen) by the colorimetric methods
according to Merck (1974), albumin by colorimetric method of Doumas et al.(1971),
cholesterol by Allain et al. (1974), (glutamic oxaloacetic transaminase [GOT] and pyru-
vic transaminase activity [GPT]) by kits from Bio Merieux according to Reitman and
Frankel (1957), alkaline phosphatase was determined according to Teitz (1976) and
white blood cells differential were done according to (Hawkey and Dennett, 1989). Car-

cass traits have been done for four rabbits from each group.

Statistical analysis was conducted by analysis of variance using SAS package
(1995). The means and standard error of all parameters were estimated and Tukey’s
test was used to detect significant differences among means of the experimental

groups.
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Table 1. The ingredients and chemical composition of the pellted diet.

Ingredients %

Wheat bran 35.0
Alfalfa meal (14%) 33.6
Yellow corn 10.5
Soybean meal (44%) 15.77
Molasses 2.6

Bone meal 1.4

Limestone 0.3

Salt 0.4

Vitamins &minerals premix* 0.3

DL- Methionine 0.11

L- Lysine 0.02
Total 100

Calculated analysis

Digestible energy (DE),kcal/kg 2721
Crude protein (CP), % 17.12
Crude fiber (CF), % 13.30
Calcium (Ca), % 1.13
Phosphorus (Ph), % 0.82
L-Lysine, % 1.0

*Vitamins and minerals premix per kilogram contains:

Vit. A, 6000 1U; Vit. D, 900 IU; Vit. E, 40 mg; Vit. K3, 2 mg; Vit. By, 2 mg; Vit. By, 4 mg; Vit. Bg, 2
mg; Vit. Byz, 10 pcg; Nicotinic acid, 50 mg; Biotin, 50 pcg; Folic acid, 10 mg; Choline chloride,
250 mg; Zinc, 50 mg; Manganese, 85 mg; lorn, 50 mg; Copper, 5 mg; lodine, 0.2 mg; Selenium,
0.1 mg; Cobalt, 0.1 mg.

RESULTS AND DISCUSSION
1. Growth performance

The average final body weight, total body gain (TBG) and average daily gain
(ADG), average daily feed intake and feed/gain ratio are shown in Table 2. There was a

significant increase in live body weight in treated groups compared to control group
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with no significant differences between the treated groups.

Total body gain and average daily gain follow the same manner as in body
weight. The best final body weight and total gain were recorded with vitamin E group

which recorded also the best feed/gain ratio compared to other treatments.

Table 2. Means + SE for final body weight (FBW), average daily feed intake (AFI), total
body gain (TBG), feed gain ratio, average daily gain (ADG) and (F/G ratio).

Treatment FBW AFI TBG ADG FIG
g g g g ratio
Control  1720.00° 86.98 1059.50° 18.92 4.59
+39.69  +7.92 39.34
Vitamin C 1902.22° 95.88 1243.72% 22.21 4.32
+37.42 +7.92 +37.09
Vitamin E 1944.00° 93.13 1287.50° 22.99 4.05
+£35.50  +7.92 +35.19
Vitamins 1894.00° 94.73 1236.50° 22.08  4.29
C+E +35.50 +7.92 +35.19

2 means in the same column with different superscripts are significantly different (P<0.05).

Improvement of the growth performance as a resuit of vitamin C and/or vitamin
E supplementation of growing rabbits, can be attributed mainly to the increased ani-
mals resistance during physiological and/or environmental stress, through the noticea-
ble improvement in animal health, and increase of the responsiveness of immune sys-
tem besides the other functions (numerous) being affected by growth performance.
Actually, the role of vitamin E on growth performance was indirect as noticed for vita-
min C, both of them improved the growth by complex ways. Vitamin E had a role in in-
tercellular and intracellular antioxidant. It prevented oxidation of unsaturated lipid mate-
rials within cells, thus, protecting fats within the cell membrane from breaking down. As
we know, if lipid hydroperoxides are allowed to form, direct cellular tissue damage can
result, in which peroxidation of lipids destroys structural integrity of the cell and céuses
metabolic derangements. Morphological damage to muscle is common in cases of vita-

min E deficiency, and dystrophic tissue membranes may leak creatine and transaminas-
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es (e.g. glutamic-oxaloacetic transaminase) into plasma (McDowell, 1989). Interruption
of fat peroxidation and the production of free radicals by vitamin C and/or E can simply
explains the observation that dietary vitamin C and/or E protect or spare body supplies
of oxidizable materials such as vitamin A and carotenes. This observation can explain
the significant increase in body weight and total gain in treated groups due to more
bio-viability of vitamin A which is very important and essential for growth. Beyond that,
vitamin E can improve the animal performance and growth through its role in disease
resistance, regulates the biosynthesis of deoxyribonuclic acid (DNA) within cell, normal
phosphorylation reactions, especially of high energy phosphate such as creatine phos-
phate and adenosine triphosphate, in synthesis of ascorbic acid, in synthesis of ubiqui-
none and in sulfur amino acid metabolism (McDowell, 1989). Also, vitamin E is reported
to have a role in vitamin B12 metabolism (McDowell, 1989), where deficiency of vita-
min E interfered with conversion of vitamin B12 to its coenzyme. For all these func-
tions, the growth and other parameters of performance like total body gain, and feed
gain ratio should be improved as shown in this study, regardless of the other improve-
ment in the blood, thermo-regulatory, and immunity indicators parameters, where it is
not easy to ignore the great role and effects of this vitamin on these parameters which
are also reflected on growth performance and improved it. Also, the improvement of
growth may be due to that vitamin E provided protection against toxicity, where vita-
min E provided the protection against toxicity with three classes of heavy metals
(McDowell, 1989). The first class included metals like cadmium and mercury, the sec-
ond group included silver and arsenic. A third group of metals included leads as an ex-

ample.

Since discovery of vitamin C, it has come to be known as a “wonder worker”. In
addition to its role in collagen formation and other life-sustaining functions, vitamin C
supports the cardiovascular system by facilitating fat metabolism and protecting tis-
sues and DNA of the cells from free radical damage and mutagens, and it assists the
nervous system by converting certain amino acids into neurotransmitters (Gary, 1994).
Also, vitamin C contributes to a variety biochemical function. These include the biosyn-
thesis of the amino acid carnitine and the catecholamines that regulate the nervous
system. It also helps the body to absorb iron and to break down histamine, the inflam-

matory component of many allergic reactions (Gaby and Singh, 1991). Vitamin C can
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do much to enhance the body absorption of iron, especially the (nonheme) variety
found in plants and drinking water (heme iron comes from meat) ordinarily. So, vitamin
C is very important to animal (which cannot produce vitamin C), whose feed depends

mainly on plants and cannot get the heme from meat like us.

Looking to the carcass Table (3), it can be notice that vitamins supplementation
showed a small improvements on dressing % compared to control, with no significant

change.
2. Blood parameters:

Role of vitamin C on iron absorption was so clear, and it had been reflected on
the blood parameters where the haematocrit and haemoglobin values were increased
significantly (P<0.05) (Table 4). They had been improved from 28.70 to 38.05 and
from 10.01 to 14.18 for control and vitamin C groups, respectively. Concerning vitamin
E and its effects on Hb and Ht besides its role as antioxidant, it was important in the
synthesis and maintenance of red blood cells and their constituents, and might have a
direct effect on synthesis of hemoglobuin and helped to prevent anaemia. Vitamin E
deficiency may result in damaging red blood cells, destruction of nerves and shortening
red blood cell life span. These observations might explain our results in Ht and hemo-
globin values, where vitamin E group (3) significantly (P<0.05) improved Ht and hemo-
globin values compared to control group (31.55 & 11.76 vs. 28.70 & 10.01), respec-
tively. Increased hematocrit values can be attributed to the rise in erythrocyte number
through increase of hematopoiesis (Sahota et al., 1994), and this is a good indicator
that the animals either supplemented with vitamin C or “C+E” or (vitamin E) are not un-
der heat stress compared to control group. Animals under heat stress might consume
more water, and as a result, haematocrit value was decreased due to dilution of the
blood, and this observation did not happen in this study. These results were supported
by the other parameters such as rectal temperature (RT) and respiration rate (RR),
where a significant (P<0.05) reduction was observed in both of them (RT and RR) in vi-
tamin groups compared to control group. The best results for the two parameters (RT
and RR) were obtained in group 4 (vitamin C + E) compared to all other treated groups.
Vitamin C group occupied the second place. This was a good indicator that both two vi-

tamins had a synergistic effect. The other parameter reflects clearly this phenomena in
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GOT, GPT, globulin, BUN, lymphocytes and alkaline phosphatase, where vitamin C + E
group recorded an increase in liver enzyme activities compared to control, but still
within normal ranges as indicated by the non-significant changes between groups. The
same trend was observed in Glob., where it significantly was increased in all treated
groups compared to control with no significant changes between the vitamin group
(Table 4). The last positive synergistically interactions between the two vitamins was
noted with lymphocyte type where, it was significantly (P<0.05) increased in all vitamin
groups compared to control group but the best percentage was recorded in groups 4
(C + E) and 2 (C) with no significant differences, followed by vitamin E group (3) with
significant differences to both other two vitamin groups. Vitamin C can also work along
with glutathion peroxidase (a major free radical-fighting enzyme) to revitalize vitamin
E, a fat-soluble antioxidant. So, in addition to its work as a direct scavenger of free rad-
icals in fluid, vitamin C also contributes to the antioxidant activity in the lipids. This ob-
servation can explain and interprete our results in the vitamin groups, and gave us a
good picture about the synergistic effect between these two vitamins, and they can be
effective partners in reducing the destructive process of lipid peroxidation. In human
and animals studies, this reduction took place in subjects with diabetes, cerebral arte-
riosclerosis or heart disorder (Barta, 1991). They found that vitamins C and E can help
to prevent the blood from clotting; a condition that contributes to the risk of stroke.
Also, the effect of combination of the two vitamins in reducing blood urea nitrogen,
cholesterol, and alkaline phosphatase compared to control or even when compared to
each vitamin alone is so great with a little bit of exception. Vitamin E alone was more
effective in reducing the cholesterol level compared to its combination, but still its ef-
fect together was significant compared to control group (83.64 vs 88.04). The low
level of cholesterol, especially, in vitamin E group can be explained by the great in-flow
of lipids for energy supply, and the great risk of tissue damage if vitamin E was limiting.
Also, vitamins supplementation significantly improved the total protein, albumin, and
globulin compared to control group (Table 4), and this was probably due to the activity
of protein synthesis enzyme as reported by McDowell (1989). Vitamin E seemed to be
more effective in improving the total protein and albumin compared to vitamin C, while,
their improvements in globulin and their effects were equal. But looking to albumin/
globulin ratio as a good indicator for increasing the immunoglobulin and subsequently

the immune responsiveness, vitamin C would be the first or in advance and preceded vi-
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tamin E. The best A/g ratio was recorded in vitamin C group (1.06 vs 1.18) in vitamin
E group, and the combination of the two vitamins gave a good value either (1.08), it is
easily to contribute this improvement to vitamin C effect. Combination of the two vita-
mins worked together to decrease the alkaline phosphatase in all treated groups. It was
a good sign of health to have low level of alkaline phosphatase, because there was a
risk of getting cancer with high levels. Supplementation of the two vitamins gave us an-
other good signs that our animals were so healthy, where the cholesterol and blood
urea nitrogen were significantly reduced compared to control group. This antioxidant
property (interrupt production of free radicals at the initial stage) also ensures erythro-

cyte stability and maintenance of capillary blood vessel integrity (McDowell, 1989).

Table 3. Means + SE and percentages for Carcass traits as affected by treatments.

Treatment Live weight Dressing Liver Kidneys Spleen
Control g 1767.00 941.90 52.80 11.53° 0.62
+16.83 +11.51 +0.52 +0.15 +0.03

"% - 53.31 2.99 0.65 0.04

Vitamin C g 1903.33 1031.83  54.77 12.50° 0.73
+16.83 +11.51 +0.52 +0.15 +0.03

% - 54.21 2.88 0.66 0.04

Vitamin E g 1966.67 1085.93  56.40 13.53% 0.74
+16.83 +11.51 +0.52 +0.15 +0.03

% - 55.22 2.87 0.69 0.04

Vitamins g 1950.00 1068.73  56.87 13.372 0.76
C+E +16.83 +11.51 +0.52 +=0.15 +0.03
% - 54.81 2.92 0.69 0.04

Preliminary research had led to a widely belief that vitamin E maintains healthy
nerves and muscles, while strengthening capillary walls, improves circulation, promotes
normal blood clotting and healing, reduces blood pressure and may help preventing or
delaying coronary heart disease. Researchers are fairly certain that oxidative modifica-

tion, of low-density lipoprotein (LDL) [bad cholesterol} promotes blockages in coronary
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arteries that may lead to arheriosclerosis and heart attacks. Vitamin E may help pre-
venting or delaying coronary heart disease by limiting the oxidation of LDL-cholesterol.
Vitamin E carried through the blood stream in particles of low-density lipoprotein (LDL)
or bad cholesterol, by blocking the oxidation of LDL, can prevent it from infiltrating
cells and clogging arteries. Also, vitamin E may help in preventing the formation of
blood clots, which could lead to heart attack. Our results fully agreed with the previous
studies and observations where the lowest cholesterol value had been recorded with vi-
tamin E supplemented group (81.52) compared to control (88.04) or even to other vi-
tamins groups. So, observation studies have been associated with lower rates of heart
disease with higher vitamin E intake, where a study of approximately 90.000 nurses
suggested that the incidence of heart disease was 30% to 40% lower among nurses

with highest intake of vitamin E.

3. Immune function

Vitamin C serves as a key immune system nutrient and a potent free radical
fighter. This double-duty nutrient had been shown to prevent many illnesses from com-
mon cold to devastating diseases such as cancer. Vitamin C plays a major role in the
manufacture and defense of our connective tissue, the elaborate matrix that holds the
body together, as a primary ingredient of collagen that binds cells together to form tis-
sue. Also, vitamin C helps some of most important systems. First and foremost, it helps
the immune system to fight off foreign invaders and tumor cells. Vitamin C can en-
hance the body resistance to many diseases, including infections disorders and many
types of cancer. It strengthens and protects the immune system in two ways by stimu-
lating the activity of antibodies and interferon production (the protein that saves the
protection from viral invaders and cancer cells) and immune system cells (white blood
cells) such as phagocytes and nutrophils which attack foreign bodies such as bacteria
and viruses as reported in our study (Table, 4). The role of vitamin C was so clear as
Gaby and Singh (1991) reported. It prevents harmful genetic alterations within cells
and protects lymphocytes from mutations to the chromosomes; this may explain the
big increase in lymphocytes type in our study (62.40) vs (56.45) in control group. The
same trend was observed in vitamin C + vitamin E group, and the role of vitamin C es-
pecially, in this properties is so clear, where the lymphocytes % in this group improved

to 63.30 compared to control 56.45, or even to vitamin E group (59.50). Skin and the
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epithelial lining of the body orifices, contain collagen, serve as a first line of defense
against invadors. So, we can detect how much vitamin C is important to immune sys-
tem from the beginning (Gaby and Singh, 1991). They prevent these invadors from en-
tering the body in the first place, where the immune system would have to go to war
against them. Beyond that, vitamin C acts against the toxic, mutagenic and carcinogen-
ic effects of environmental pollutants by stimulating liver detoxifying enzymes. It also
stimulate the production of (PGE,), a prostaglandin which assists lymphocytes and the

defender cells in immune system.

As mentioned before, vitamin C can enhance the immune function in a number of
ways: 1 gram of vitamin C intravenously, increased significantly the neutrophil motility
and leukocyte transformation in the blood and enhances the leukocyte function and de-
creases the bacteriological activity (Gaby and Singh, 1991). Recent studies (Chew,
1995) showed that vitamin C has a positive effect on variety of chronic disorders,
where 300 mg of vitamin C a day for several weeks exerts a remarkable immuno-
modulating action such as serum immunoglobulin and neutrophil phagocytosis in pa-
tient with viral hepatitis. Another study (Gary, 1994) with chronic brucellosis, conclud-
ed that vitamin C might partially restore peripheral monocyte function and helps the
monocyte-macrophage system to mount an effective immune response against the in-
fection. As an antioxidant, vitamin C primary role is to neutralize free radicals. Since as-
corbic acid is water soluble, it can work both inside and outside the cells to combat
free radical damage, where free radicals will seek out an electron to regain their stabili-
ty. As we know, vitamin C is an excellent source of electron, therefore, it can donate
electrons to free radicals such as hydroxyl and superoxide radicals and quench their re-
activity. Many studies suggested that vitamin C antioxidant mechanisms may help to
prevent cancer in several ways. It combats the peroxidation of lipids, where 400 mg of
vitamin C per day for one year period reduced serum lipid peroxide levels. Vitamin C can
also work inside the cells to protect DNA from the damage caused by free radicals,
where vitamin C reduced the level of potentially destructive genetic alterations or chro-
mosome aberrations (Gaby and Singh, 1991). As we know, many of the pollutants that
now pervade our environment can cause toxic, carcinogenic or mutagenic effects and
vitamin C may be able to arrest the harmful effects, in part, by stimulating detoxifying

enzymes in the liver, block the formation of fecal mutagens, optimize the immune sys-
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tem surveying the body for the presence of cancer cells. It also enhances an intracellu-
lar material called ground substance that holds tissues together, where when this sub-
stance is strong, cancer cells have a harder time infiltrating cells (Passwater, 1985). Vi-
tamin C can reduce the development of nitrosamines from nitrates, chemicals that are
commonly used in processed foods. Once formed nitrosamine can become a carcino-
gen. But in several human and animal studies in which they consumed a nitrosamine
precursor, the urinary levels of nitrosamin were significantly reduced by vitamin C. Ani-
mal studies support the preventive effect of vitamin C on nitrate-induced cancer and
the formation of tumors was inhibited, suppressed or reduced in frequency in animals

treated with vitamin C (Gary, 1994).

The synergistic combination of vitamin C and E was found to be effective in im-
proving certain aspects of cell-mediated immunity, such as the number of T cells, T4

subsets and the ratio of T4 to Tg cells (Gary, 1994).

Finally, after we reviewed the whole benefits of the two vitamins (C + E), espe-
cially their roles against the toxicity and pollution which can cause devastating diseases
such as cancer, and after complete and total success of pollutants, pervade our envi-
ronment (air, water resources, land) with heavy metals, pesticides and other poliutants
resources. So, our foods, air and water became our complements, illness and dangerous
sources of diseases instead of health. So, on behalf of our community, the conclusion
or our recommendation will be for us. Our food should have these vitamins in abundant
or we have to take these vitamins daily in preventive dose, which may help us and pro-

vides the required protection against the devastating diseases.
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Table 4. Means + SE for RT, RR, blood parameters and white blood cell’s differential.

Treatment Blood Parameters'
Ht  Ho ™ Alb Gb  UN GOT GPT Chol. AIb/Glb Alk.
%  g/dl g/100mi g/100ml g/100ml mg/dl m/dl m/d mg/dl ratic Phos.
Control  2870° 10 595° 3.11° 284" 16.04% 26.5 21.6 88.04° 1.10 16.75°
£0.70 +1.95 £0.05 0.06 0.05 0.26 0.29 +0.36 £0.49 £0.17
Vitamin C 38.05° 14.2 659" 330" 320° 15.00° 27.6 22.4 8287 1.06 16.20°
+0.70 +0.06 +£0.05 x0.06 +0.05 £0.20 +0.29 :+0.36 0.49 +0.17
Vitamin E 31.55° 11.8 698" 378" 3.20° 13.88° 27.8 21.9 81.52° 1.18 15.94°
+.70 x1.95 £0.05 0.06 +0.05 0.26 0.29 :0.36 10.49 +0.17
Vitamins  34.70° 12.4 669" 347° 3.22° 13.50° 28.6 23.4 83.64° 1.08 15.91°
C+E £0.70 $0.95 £0.05 0.06 +0.05 0.26 0.29 20.36 0.49 £0.17
Table 4. Continued.
Treatment Physiological Flesponse2 White Blood Cells®
RT RR Lym Neut Mono Baso Eosino
% % % % %
Control 40.04* 169.80°  56.45° 37.05% 3.25% 1.95 1.15
+0.06 +3.55 +0.88 +1.07 x0.15 +£0.20 +0.10
Vitamin C  39.44° 148.50°°  62.40° 32.10° 2.65° 1.90 1.15
+0.06 +3.55 +0.88 x1.07 +0.15 x0.20 +0.10
Vitamin E  39.67° 155.05°  59.50° 34.55% 2.50° 2.00 1.70
+0.06 +3.55 +0.88 +1.07 %0.15 +0.20 +0.10
Vitamins 39.30° 138.50°  63.30° 31.25° 2.55° 1.70 1.30
C+E +0.06 +3.55 +0.88 +1.07 x0.15 x0.20 =0.10

"Ht, hematocrit value; Hb, hemoglobuin concentration; TP, total protein; Alb, albumin; Glb, globu-
lin; U-N, urea-N; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase;
Chol., cholesterol; Alk. Phos., alkaline phosphatase.

2RT, rectal temperature; RR, respiration rate

SLym, lymphocytes; Neut, neutrophils; Mono, monocytes; Baso, Basophils; Eosino, Eosinophils.

a.b.¢.d means in the same column with different superscripts are significantly different (P<0.05).




SEDKIA. A. et al. 861

REFERENCES

—

- Allain, C. C,, L. S. Poon, C. S. Chan, W. Richmoud and P. C. Fu. 1974. Clin. Chem. 20,
470.

2. Barta, E. 1991. “Protective Effects of Alpha-Tocopherol and L-Ascorbic Acid Against
the Ischemic Reperfusion Injury in Patients During Open-Heart Surgery,” Bratisl. Lek.
Listy.; 92 (3-4); p. 174-83.

3. Chew, B. P. 1995. Antioxidant vitamins affect food animal immunity and health,

American Instit. Nutri.

4. Combs, G. F., Jr. and J. M. Regenstein. 1980. Influence of selenium, vitamin E and
ethoxyquin on lipid peroxidation in muscle tissues from fowl during low temperature
storage. Poul. Sci., 59:347-351.

5. Doumas, B. T., W. A. Watson and H. G. Biggs. 1971. Albumin Standards and the
Measurements of Serum Albumin with Bromocresol Green. Clinical Chemistry Acta,
31, 87-96.

6. Gaby, S. K. and V. N. Singh. 1991. “Vitamin C,- Vitamin Intake and Health: A Scien-
tific Review, S. K. Gaby, A. Bendich, V. Singh and L. Machlin (eds.) Marcel Dekker, N.
Y., 103-1043.

7. Gary, N. 1994. The antioxidant vitamin “Vitamin C”. http://www.garynull.com/

Documents/ vitamins.htm.

8. Hawkey, C. M. and T, B. Dennett. 1989. A Color Atlas of Comparative Veterinary
Hematology. Wolf Publishing Limited., London, England.

9. Ismail, A. M. 1993. Effect of feeding different levels of some vitamins on reproduc-
tive performance of heat stressed pregnant female rabbits. Thesis, Ph. D, Fac. Ag-
ric., Ain-Shams Univ., Cairo.

10. McDowell, L. R. 1989. Vitamins in Animal Nutrition. Acad. Press, San Diego, CA.

1

-

- Merck, E. 1974. Clinical Laboratory, 11th Ed. Of Micro-chemical Investigation Meth-
ods. Darmstadt, Federal Republic Germany.



862 PERFORMANCE AND IMMUNE FUNCTION OF GROWING RABBITS

12.

13.

14.

15.

16.

Passwater, R. A. 1985. The Antioxidants, Keats Publishing, Inc., New Canaan, CT,
p.13-15.

Reitman, S. and S. Frankel. 1957. Determination of GOT and GPT in serum. Am. J.
Clinic. Path., 28 : 56-68.

Sahota, A. W., A. H. Gillani and M. F. Ullah. 1994, Hematological studies on heat
stressed chickens supplemented with ascorbic acid. Pakistan Vet. J., 14 (1) : 30-
33.

SAS. 1995. SAS User's Guide : Statistical Analysis System Institute, Inc., Cary, N. C.

Teitz, N. W. 1976. Fundamentals of Clinical Chemistry. W. B. Saunders and Compa-
ny, Philadelphia, PA, p. 602-609.



SEDKIA. A. et al. 863

chlldsLL,Jlulc_A,cq_.l;:‘jJ:.:t
d._\.a.a.“d..a.‘id){-&g__\.ﬂ)‘” u_'ﬂ‘,.n_l“_,.hl.k.n‘,

Sl gl ok Sralogal s Bosapalll
Ll se ala ssue — Lagdl o3l £30a

e = Al = Lael 5 & gaidl 58 yo = Sl guall g LY S pan agre

oansy saidl elsi e laa gisua deon 5 onalins Talin] 806 Ll yal Lyl eyl
£ puntiud G Ciiall Juad IS el sadl Gl caad elld s Lol Leaidke s pall puaslie
Legans 1 AEIS Lo pa3 paloe £ A1 Ltlpitie ppranna®n oS (pa 100 5 5)1) pasland 0 yae L35
Legana ol LaS il G5 e wliralipilly (opa ¥ gaalall Walas o35 (V) Tleal gy J 5538
Tl g opalias ana Vo s B (Y) pil) Gyl e Linsa/Glsan/p orelind ans Yo
acsaSpil e gadiih eae Vo # g pnalind o Yo

Lokl golay Jals L) gl 11 A Huy (simally (rabiad 1551 5ol 4 o JoawS o3
(5 e gmid S eyl 13301y puall 55 Jaad 5 - (pabad A) T paid 5,55 Jlp Lia o
3l L s pelad o Ll L S13801 sl Jume 35 5000 (b TmasSU Bul 51 Sl
PV RPN PRCHAC YL U | PN PRPONY [ RN LT [FYCY EUPRER -\ PP SCT{ Y FEDPPUR LU
STV opm 5 5as Lol @3S (g oS e 339 1 bliidl g J g bl S 5 asaal¥
NIRRT PR L FUORET[L ML SRR IPSAN] 3[RV S SURERE RROLY W PR S E I
cesileatll Lot s Loyl lion suainl degans

:L‘J_.lbél:t:s“m‘,‘

3y puadl 535 Ligtae puun a5 g el alindy Ciiall Juas IR 313 Aala 51 -
J 35S T gamas e S0 gl Juns Lt 05001 (3 eSO 30311

.Z*Hul\;u‘a‘,a,iJLLA:JI@MJL;):\?SQ?LMIQ@E\:JUQS:.H—Y

Sl b330 s Oasslasa sl carSsla sl G IS asas (3 55 a S Bulyy lia cslS Y
BRIy P L U ST [ I HE: SNV JHT LN PR PUUPT I PR ()
ol Wbl cle gaall (b ol g slall/ono st

Lassadly pudanll Juas S35 puiill 3,0 pa s 5o el3S g J g ot o< s g 257 €
JasSIL B yEe a5 ¢ elialiady Waladl T35 Suiliasd UV 0330y oan g5

Sl pall i laguns Taa s i 5 £ onalind oo JS O T el 038 e paliis

oyl JSS Laslie ST dlany lgmall oelall 3leall 5oUS punnd (3 aliall Laghoanl cuilay

ol eSS sanad | i To 53U Lalaall pd b 5% 5 SO o loledaS Lad , gud elldy 4 Uaall

oAV ol ll 5T LRI Guladl G el sn pLY 1 038 Land 0 8y gm0kl Ldl & yl5 e 230

e LU JUSSRUReT [t SN PP PP LR PRV ARy




864 PERFORMANCE AND IMMUNE FUNCTION OF GROWING RABBITS

3""“7"'.'&‘&-‘.3)-“‘&‘&‘°)S53-_WL4JSJubf-a’—-ni(:’o_\-nu-_uﬁi__\.n.ai)gk__-&_-_.dlIl\.a
S el e el g BLa FL e B kel 5o J L 00 il o Lo g S80S s 4 lasy
2Ol gaad



