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SUMMARY

Twenty four males of Ossimi lambs averaged 3 months of age and 17.54
= 0.95 kg body weight were used during summer to evaluate their growth
performance and physiological reactions to supplemental vitamin A, zinc
(Zn) and vitamin A with Zn. Animals were randomly divided into
4 equal groups (6 lambs in each). First group served as control while the
second group (T1) received oral administration of vitamin A (retinol) at
10.000 TU/head/weekly, and the third group (T2) received 30 mg Zn/kg
DM (132.2 mg Zn sulfate/kg DM), and the fourth group (T3) received
vitamin A at 10.000 IU/head/weekly with 30 mg Zn /kg DM. Results
showed that averages of daily weight gain (DWG) increased (P<0.01) for
lambs of T1, T2 and T3 compared with control. Lambs of T3 had higher
(P<0.05) averages of final body weight (FBW) than control. Feed
conversion (FC) rates were improved (P<0.05) for T1, T2 and T3
compared to control. Averages of DWG, FBW and FC were improved
(P<0.05 and P<0.01) for T3 than those of T1 and T2. Blood Hb, MCH
and MCHC increased (P<0.05 and P<0.01) for lambs received T1 and T3
compared to control. Total count of leucocytes increased for T3 lambs
compared to control. T1 and T3 lambs showed marked decrease (P<0.05)
in neutrophils compared with control. T1, T2 and T3 exhibited
significant (P<0.05) increases in lymphocytes compared with control.
Lambs of T1, T2 and T3 exhibited higher (P<0.05) levels of plasma total
orotein than control, and its concentration in T3 was greater (P<0.05)
than T1 and T2. Plasma albumin levels were higher (P<0.05) in all
treatments than control while plasma globulin increased (P<0.01) for T2
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were greater (P<0.05) for T1 and T3 than control. Plasma Zn increased
(P<0.01) for T2 and T3 lambs comparing to control. Plasma Tz hormone
concentrations were greater (P<0.001) for T3 lambs than those of T1 and
T2. No significant changes observed in feed intake, rectal temperature,
respiration rate, pulse rate, blood RBC, PCV, MCV, eosinophils,
basophils, monocytes %, plasma concentrations of glucose and total
lipids for lambs received T1, T2 and T3 compared with control. The
results indicated that lambs received supplemental vitamin A with Zn
exhibited more favorable signs in their physiolgical reactions than those
received each of vitamin A or Zn alone, indicating a synergistic
relationship between both nutrients and reflecting superiority of their
efficient metabolic activities and growth response under summer
conditions.

Key words: Vitamin A, Zinc, Growing Lambs, Physiological Reactions.

INTRODUCTION

Deficiencies of trace mineral and vitamin for livestock are
common, affecting their productivity, and are associated with a wide
variety of clinical, physiological and pathological disorders. Deficiency
can be caused by inadequate intake or by the presence of antagonists in
the diet interfere with absorption and/or metabolism. Vitamin A plays an
essencial role in some animal physiological functions including
stimulation of growth, proper development of skeletal tissue, cell
division and differentiation. So, its deficiency could be resulted in
clinical signs such as metabolic disorders and growth retardation (Pond
et al., 1995). Animal immune function and health could be impaired by
inadequacies in vitamin A and B-carotene as antioxidant defence (Chew,
1987). Shortage of green fodder resources during summer led to the lack
of vitamin A. Also, farm animal's requirements for vitamin A increased
during hot summer months (Swells, 1993).

On the other hand, importance of Zn as an essential nutrient has
been recognized for many years and over 200 Zn-dependent enzymes
have identified in all major biochemical pathways in animal body. Zn has
been associated with appetite growth, male sexual development and
wound healing. There are no significant stores of body Zn, so the animal
must rely on a daily supply to meet requirements (Mayland et al., 1987).
Zn plays a key role in the immune system, thereby; Zn deficiency causes
decreased immunity and loss of T-cell function (Shankar and Prasad,
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1998). Thus, the amounts of vitamin A and Zn needed for immuno-
enhancement in ruminants are higher than the suggested required
amounts by NRC (Nockles and Blair, 1996).

In growing calves, El-Masry ef al. (1998) showed an interactive
effect for Zn with vitamin A to improve growth performance and
immune response. In addition, supplemental vitamin A to ewes at late
pregnancy and during suckling period improved growth and
physiological reactions of their male lambs (Soliman, 2002). Zn status
influences vitamin A metabolism, including its absorption, transport, and
utilization (Parul and Keith, 1998). Vitamin A has stimulatory effect on
Zn absorption (Bersin, 1988). So, deficiency of either vitamin A or Zn
can trigger chronic problems in the metabolism of both nutrients (Bondi
and Sklan, 1984). In sheep, however, this synergistic effect of vitamin A
and Zn has not been fully documented.

This study, therefore, focused some mechanistic aspects through
which vitamin A, Zn and vitamin A with Zn supplementation may
influence growing lambs' performance and related physiological
reactions under summer conditions.

MATERIALS and METHODS

Twenty four males of Ossimi lambs averaged three months of age
and 17.54 = 0.95 kg body weights were used in this experiment for 10
weeks during the months of July, August and September at the farm of
Animal Production Department, Faculty of Agriculture, El-Minia
University. Animals were randomly divided into 4 equal groups (6 lambs
in each). First group served as control while the second group received
oral administration of vitamin A (retinol) at 10.000 IU/head/week, and
the third group received 30 mg Zn (as Zn sulfate, ZnSO4.7H,0)/kg DM
(132.2 mg Zn sulfate/kg DM), and the fourth group received vitamin A at
10.000 IU/head/weekly with 30 mg Zn/kg DM. Animals were fed on
concentrate feed mixture and bean straw to cover their nutrient
requierments according to their live body weight. They were fed on bean
straw in amounts that represent 1% of their body weights. The
constituents of concentrate feed mixture and its feeding values calculated
according to NRC (1985) are presented in Table 1. The calculated
concentrations of Zn and B-carotene in concentrate mixture were 51.11
mg/kg DM and 1.50 mg/kg DM, respectively. The NRC requirements for
growing lambs are §9 ug of B-carotene/kg live weight/day (47 IU of
vitamin A’kg live weight/day) and 33 mg Zn/kg DM. The treated
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animals received 1.5 mg/kg DM of dietary B-carotene with 10.000
[U/head/week of vitamin A as oral administration. In case of Zn, they
were fed on concentrate mixture contained 51.11 mg Zn/kg DM and
supplemented by 30 mg Zn/kg DM as Zn sulfate. Feed was offered twice
a day at 8 am and Z p.m and mineral blocks and drinking water were
available to the animals all times. The animals were apparently healthy
and proved to be free from internal and external parasites.

Body weights of lambs were recorded at starting the experiment
and at biweekly thereafter. Feed intakes were recorded daily. Averages
of daily gain and feed conversion rates of lambs were calculated. The
absolute weight of lambs gives an idea about the weight development
during experimental period; the growth was measured and expressed in
percentage relative to the body weight in order to compare the different
groups in relation to its relative growth rate.

Relative growth rate = __ (W, -W;) x 100
l/2(‘7\72'{'“[1)

Measurements of rectal temperature (RT), respiration rate (RR)
and pulse rate (PR) were recorded biweekly for lambs at 8-9 am.
Averages of ambient temperature and relative humidity during the
experimental period were 27.50 °C and 63.0 % respectively at 8-9 a.m.
Heparinized blood samples (5 ml) were collected biweekly at 8 a.m.
from the jugular vein of each animal before feeding and drinking. Whole
blood samples were analyzed shortly for blood hemoglobin (Hb), packed
cell volume (PCV), red blood cell (RBC) and leucocyte counts using
conventional methods. Mean corpuscular hemoglobin (MCH), mean
corpuscular volume (MCV) and mean corpuscular hemoglobin
concentration (MCHC) were calculated mathematically. Stained blood
smears with Lieshman's stain were prepared for the differential
leucocytes count (Dacie and Lewis, 1991). Plasma samples obtained and
stored at -20°C utill assayed for biochemical analysis. Plasma Zn
concentrations determined using atomic absorption spectrophotometry.
Plasma vitamin A concentrations determined using the method described
by Neeld and Pearson (1963). Plasma total protein, albumin, total lipids
and glucose measured spectrophotometrically using standard test kits
supplied from Bio-Merieux (Marcy-1, Etolie Charbonnieres- Les Bains,
France) and Bio-Analytics kits (USA). Globulin calculated
mathematically by substracting the difference between total protein and
albumin. Plasma triiodothyronine (T3) concentrations was determined by
a direct solid-phase I'* radioimmunoassay techniques using (coat-A-
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count TKT3) RIA kits purchased from diagnostic products corporation
(DPC, LA, CA, 90045-559, USA).

The data were analyzed by least square means analysis of
variance using General Linear Models (GLM) procedure of the statistical
analysis system (SAS, 1992). The model used to analyze the different
traits studied for lambs was as follows:

H=p i+ eij. Where: Yij= ijth Observation, u = Population mean;
Tj = Effect of ith treatments and eij= Random error. Duncan's Multiple

Range test was used to detect differences between means of the
experimental groups (Duncan, 1955).

RESULTS

Averages of daily weight gain (DWG) increased (P<0.01) by 16,
20 and 44 % for lambs received vitamin A, Zn and vitamin A with Zn,
respectively compared with control (Table 2). Lambs received vitamin A
with Zn had higher (P<0.05) averages of final body weight (FBW) by 17
% than control. Feed conversion (FC) rates were improved (P<0.05) by
12.6, 14.2 and 254 % for vitamin A, Zn and vitamin A with Zn-
supplemented lambs compared to control. Differences in feed intake (FI)
for lambs due to treatments were not significant but tended to increase by
6.6 % with vitamin A with Zn than control. Averages of DWG, FBW
and FC were improved (P<0.05 and P<0.01) for vitamin A with Zn-
supplemented lambs than those each of vitamin A or Zn alone.

As shown in Table 3, supplemental vitamin A, Zn and vitamin A
with Zn had no significant effect on thermal and cardio-respiratory
responses (RT, RR and PR) of lambs. There were no significant change
in blood RBC, PCV and MCV for lambs received vitamin A, Zn or
vitamin A with Zn compared with control. Significant increases
amounted by 15.5 and 17.5 % in concentrations of blood Hb (P<0.01);
by 8.9 and 9.7 % in MCH (P<0.05); and by 13.6 and 12.3 % in MCHC
(P<0.05) observed for lambs received vitamin A and vitamin A with Zn,
respectively compared with control.

Table 4 shows that total count of leucocytes increased (P<0.03)
by 15 % for vitamin A with Zn-supplemented lambs. Vitamin A and
vitamin A with Zn-supplemented lambs showed marked decrease in
neutrophils % by 20.0 and 24.4 % repectively compared with control.
Supplemental vitamin A, Zn and vitamin A with Zn induced significant
(P<0.05) increases in lymphocytes % by 13.5, 7.3 and 203 %
respectively compaared with control. Results indicated that lymphocyte
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% was greater (P<0.05) for vitamin A with Zn-supplemented lambs than
those of Zn alone. Insignificant changes were observed in eosinophils,
basophils and monocytes percentages due to experimental treatments.

Table 5 shows that vitamin A, Zn and vitamin A with Zn-
supplemented lambs exhibited higher (P<0.05) plasma total protein by
9.4, 15 and 27.8 % than control, and its concentration due to vitamin A
with Zn was greater (P<0.05) than each of vitamin A or Zn alone. Plasma
albumin increased (P<0.05) by 18.2, 15.2 and 21.2 % respectively for
vitamin A, Zn and vitamin A with Zn-supplemented lambs compared to
control. Plasma globulin increased (P<0.01) by 14.8 and 327 %
respectively for Zn and vitamin A with Zn-supplemented lambs than
control. Vitamin A or vitamin A with Zn induced greater (P<0.05)
increase in plasma vitamin A by 22.0 and 31.8 % respectively than
control. Plasma Zn increased (P<0.01) by 21.0 and 28.9 % respectively
for Zn and vitamin A with Zn-supplemented lambs than control. Plasma
Ts concentrations increased (P<0.001) by 16.5, 27.1 and 46.6 %
respectively for vitamin A, Zn and vitamin A with Zn respectively
compared to control. No significant changes observed in plasma glucose
and total lipids concentrations due to treatments,

DISCUSSION

This study showed that supplementation of each vitamin A or Zn
alone to growing lambs enhanced their growth performane with no
significant changes in their FI. Lambs given vitamin A or Zn alone
recorded higher averages of DWG and better FC rates comparing with
non-supplemented lambs. This improvement may signify a higher
efficiency of feed utilization for those lambs. These findings on lambs
are consistent with some studies working on other ruminants, El-Masry
et al. (1998) noticed an improvement in growth performance of growing
calves to vitamin A or Zn, but they failed to show a significant increase
in DWG with vitamin A. Vitamin A has a major function in metabolism
to preserve stability, structural intergrity and normal permeability of cell
and subcellular membranes, by which it has positive effects on tissue
biosynthesis and growth promotion (Chew, 1993). Vitamin A has a role
in regulating energy homeostasis by enhancing uncoupling protein 1
(UCP1) mRNA gene expression and decreasing serum leptin levels
(Kumar et al., 1999). Thus, clinical signs such as metabolic disorder,
reduced feed efficiency, slowed gains and growth retardation could be
occurred with lack of vitamin A (Pond et al., 1995). Zn may exert its
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effect via affecting the activity of thymidin kinase, requiered for DNA
synthesis and cell division (Harper et al., 1979). Zn enhanced metabolic
processes and many enzymes systems, which are concern with utilization
and metabolism of feed nutrients, require Zn for proper functioning both
as a part of the molecule and as an activator (McDowell et al., 1993). As
a result of early Zn deficiency in ruminants, feed intake, feed efficiency
and growth rate will be reduced.

It is important to notice that supplemental vitamin A with Zn had
a significant additive effect to improve growth performance since lambs
received vitamin A with Zn recorded higher averages of DWG and FBW
as well as better FC rates than each of vitamin A or Zn alone. This
finding may indicate a synergistic role for vitamin A and Zn to improve
nutrient absorption and utilization for enhancing growth. Zn may play a
beneficial role in this respect. Supplemental Zn (170 mg/kg diet)
increased DWG, FC, and digestibility of nutrients with no changes in
their feed intake (Abd El-Rahim ef al, 1995). Nitrogen retention was
increased in ram lambs fed Zn-supplemented diet at 30 ppm compared
with Zn-deficient animals, suggesting that protein utilization is impaired
in sheep with Zn deficiency (Somers and Underwood, 2003).

Supplementation each of vitamin A and Zn to lambs had no
significant effect on their thermal and cardio-respirstory reactions,
maintaining their RT, RR and PR under hot summer conditions. This
indicated that each of supplemental vitamin A and Zn was adequate to
maintain normal thermoregulation and adaptive responses of growing
lambs. In this regard, vitamin A supplementation to ewes had no
significant effect on RT, RR and PR either for ewes or their male lambs
(Soliman, 2002). Hot conditions are believed to interfere with the
animal's ability to convert carotene to vitamin A and to depress the
efficiency with which vitamin A can be used to meet needs, and this may
increase the animal's requirements for vitamin A (Swells, 1993). Also,
thermoregulation could be negatively altered in Zn-deficient animals
(Topping et al., 1981).

Blood Hb, MCH and MCHC were changed up for vitamin A and
vitamin A with Zn-supplemented lambs. An increase in Hb values
amounted by 8.7 % were observed for lambs born to vitamin A-
supplemented ewes (Soliman, 2002). With this respect, vitamin A
deficiency may associated with altered Fe metabolism, including reduced
vlasma Fe and sometimes anemia; and this effect does not appesr to be
caused by increased RBC destruction (Pond er @i, 1995). With
supplemental Zn, those parameters were not significantly different from
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control but they were lowered than with vitamin A or vitamin A with Zn,
There is a wide margin of safety between Zn requierments and amount
that are toxic in sheep. The excessive and toxic levels of Zn has been
described for growing lambs to be between 750 and 1000 mg/kg diet,
reducing their FI, DWG and FC rates (NRC, 1985). When Zn supplied at
those excessive levels, it may interfere with Fe absorption and utilization
by impairment of iron incorporation into ferritin (Underwood, 1977); and
induce severe Cu deficiency in sheep (NRC, 1985). However, plasma Cu
and Fe concentrations were not altered by elevated dietary Zn up to 0.65
% in cattle (Gaynor ef al., 1988); and feeding Zn (100 mg/kg DM) did
not negatively impact liver Cu status in sheep (Hatfield er al, 2001).
Supplemental Zn at 30 mg/kg DM, in the present study, did not change
blood hematology indicating that such level of Zn was adequate for
normal hematopoieses. It could be noticed that changes in blood
hematological parameters studied were within the normal values of sheep
(Blunt, 1975).

Vitamin A-supplemented lambs exhibited an increase in
lymphocyte % accompanied with a decrease in their neutrophils.
Supplemental Zn also increased lymphocytes %, but it had no significant
effect on neutrophils. These findings indicated that each of vitamin A or
Zn may benefit immune function in sheep. Some reports focused the
essencial role of both micronutrients in animal immune system. In vitro
study on cattle, vitamin A stimulated lymphocytes function and
proliferation (Tjoelker et al., 1988b), while its effect on neutrophils
function was null or negative, since its phagocytosis was suppressed
(Tjoelker et al, 1988a). Enhanced proliferation of lymphocytes and
immune function was noticed in B-carotene- or vitamin A-supplemented
cows (Michal e al, 1994). This protective role of vitamin A may be
mediated stimulating immunoglobulin synthesis, stimulating naturall
killer cells and cytotoxic T-lymphocytes (Dennert, 1984); and enahncing
resistance to intracellular pathogens (Chew, 1993). Vitamin A influences
broad aspects of leucocyte function in terms of DNA synthesis and
increased mitogen-stimulated mononuclear leucocytes, suggesting that
the bioavailability of this vitamin may alter immune competency and
disease susceptability of newborn calves (Nonnecke er al. 2000).
According to Shankar and Prasad (1 998), Zn plays a role in T-
lymphocyte activation and signal transduction since it implicated in early
steps of T- lymphocyte activation via stimulating autophosphorvlation of
tyrosine residues, and subsequent phosphorylation of the T-lymphocyte
receptor complex by which the subsequent changes, through protein
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phosphorylation, regulate activation and lymphocyte cell proliferation.
This immunologic role of Zn could be mediated basic celiular functions
such as DNA replication, RNA transcription, cell division, and cell
activation. Zn also is crucial for normal development and function of
neutrophils and natural killer cells. Thus, maintaining of neutrophils and
monocytes and activating of lymphocytes of growing lambs to
supplemental Zn may considered a useful response to improve their
immune function, disease resistance, and general health enhancing their
adaptability against adverse environmental conditions. In case of vitamin
A with Zn, there was a higher total count of leucocytes than each of
vitamin A or Zn alone; and higher increase in lymphocytes % than with
Zn alone. This result might indicate a synergistic role of both
micronutreints to enhance immune status in sheep. In cattle, an increase
in leucocytes count was noticed in response to supplemental vitamin A
with Zn accompanied with a rise in some immune indices such as al, B
and y-globulin levels (EI-Masry et al,, 1998). In addition, weaned calves
fed Zn-supplemented milk exhibited higher IgG and IgM responses,
showing a stronger humoral immune response, probably as a result of the
beneficial effect of Zn on the interaction between T helper cells and B
cells (Prasad and Kundu, 1995).

In the present study, some plasma factors were positively
changed up due to vitamin A, Zn or vitamin A with Zn. There was an
additive effect for vitamin A with Zn to increase plasma total protein and
globulin levels than each vitamin A or Zn alone. This increase could be
ascribed to the role of Zn which is required for normal protein synthesis
and metabolism. Research evidence the important of Zn on the efficiency
of utilizing of absorbed amino acids in protein synthesis for growing
lambs and calves (McDowell, 1995). Also, supplemental Zn increased
digestibility of nutrients and apperent absorption and retention of
nitrogen (Abd El-Rahim e al, 1995). These findings indicate that
protein metabolism might be altered for the trend towards higher growth
performance which attained, in the present study, for vitamin A with Zn-
supplemented lambs. In additon, complementary role of vitamin A with
Zn was apparent to elevate plasma globulin concentrations. This finding
may related to the improved globulin fraction levels attributed to activity
of supplemental Zn in lambs (Kegley and Spears, 1995); and Zn or Zn
with vitamin A in growing calves, reflecting their improved immune
function and growth responses (El-Masry et al., 1998).

The increase in plasma vitamin A levels for vitamin A-
supplemented lambs agree with similar trend reported in ruminants as
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dairy cows (Mehrez, 1989); buffaloes (El-Barody ef al, 1993) and
suckling ewes (Soliman, 2002). In Japanese Black beef calves, the
increase in plasma vitamin A was associated with an elevation in plasma
insulin like-growth factor-1 (IGF-1) in clinically healthy calves
compared to retarded growth calves (Ishibashi et al, 1999). Plasma
vitamin A levels tended to be insignificantly greater by 7.9 % due to
vitamin A with Zn than vitamin A alone. This may indicated that adding
Zn to vitamin A supplementation improves vitamin A status. Zn is
necessary to maintain normal concentrations of plasma vitamin A
(Harper er al, 1979), via affecing aspects of vitamin A metabolism,
including its absorption, normal mobilaztion of vitamin A from liver, and
utilization (Parul and Keith, 1998). They explained this dependence via
regulatory role of Zn in vitamin A transport mediated through protein
synthesis, and the oxidative conversion of retinol to retinal that requirés
the action of a Zn-dependent retinol dehydrogenase enzyme. In
accordance to Rahman et al (2002), Zn deficiency is accompanied by
reduced circulating retinol concentrations in which supplementation with
vitamin A alone fails to correct; and when the animals are given either
Zn supplements or Zn-containing diets, their serum retinol
concentrations do improve, while Zn-deficient rats showed a
simultaneous reduction in retinol and retinol binding protein (RBP). The
increases in plasma vitamin A may related to increased plasma total
protein, in this study, since vitamin A is transported from the liver to
peripheral tissues as free retinol bound to RBP, So, it is indicated that
when there may be a reduction in serum total protein, it may be observed
that vitamin A levels are low (Harper e al, 1979). In the same respect,
protein deficiency causes reduced plasma vitamin A concentrations
which will be reduced as a result from reduced transport of vitamin A
from liver because of reduced serum albumin, the carrier protein for
vitamin A in blood (Pond et al., 1995). This may explain the increase in
plasma albumin and total protein due to vitamin A or vitamin A with Zn.

Supplemental Zn or vitamin A with Zn appear to provide for
additional increases in plasma Zn for growing lambs revealing an
increase in their Zn absorption. These results are compatible with those
reported on plasma Zn concentrations in response to supplemental Zn
(Gaynor ef al., 1988); and Zn or vitamin A with Zn (El-Masry et al,
1998) in other ruminants. Plasma Zn levels have been reported to be in
ranges 20-40, 50-80 and 80-140 ng/dl respectively for Zn-deficient, Zn-
marginal and Zn-adequate diets in ruminants (Kincaid, 1999). In the
present study, averages of plasma Zn levels were 70.5, 73.5, 85.3 and
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0.5 ug/dl respectively for control, vitamin A, Zn and vitamir A with
Zn-supplemented lambs. This may indicate that lambs supplemented
with Zn or Zn with vitamin A were Zn-adequated. Serum Zn values
increased from 44 ug/dl in Zn-deficient sheep to 78 ug/dl when they
were given a supplemental Zn (Soliman ef al., 1988).

This study showed an additive effect for vitamin A with Zn to
increase plasma Ts than each of vitamin A or Zn alore. Thyroxin
stimulates conversion of carotenoids to vitamin A therby vitamin A
deficiency reduces thyroxin secretion (Pond ef al,, 1995). However, such
synergistic effect of vitamin A with Zn on thyroid activity seems to be
attributed more to the role of Zn. Thyroid Ts and T4 levels and
hypothalamic TRH content were declined in Zn-deficient compared with
Zn-adequate rats (Morley et al., 1980). They noticed that iodine uptake
was similar between the two groups, suggesting that Zn-deficiency
interferes with the deiodinase enzyme conversion of T4 to T3. Zn
deficiency decreased serum T; and free T, by approximately 30% with a
decrease in hepatic type I S'deiodinase activity by 67% with Zn
deficiency compared to Zn-adequate rats, showing that Zn deficiency
affects the metabolism of thyroid hormones (Kralik et al,, 1996). This
decline in thyroid function exhibited histopathological changes such as
atrophy and degeneration in the follicles, concluding that decreasing
serum T; and T4 due to Zn deficiency was related to thyroid lesions
(Gupta er al., 1997). It appears likely that Zn is required for biological
functioning of Ts and its related receptors indicating that T3 and Zn play
important roles in growth and also via interacting with the somatotrophic
axis at multiple levels (Hedley er al, 2001). These finding together with
the present study may support that supplemental vitamin A with Zn is a
metzbolic requirement for higher thyriod activity enhancing productive
performance of sheep.

In conclusion, the present study showed that combined
supplementation of vitamin A with Zn appreciably exerted beneficial
effects than each of vitamin A or Zn alone in enhancing growth
performance of male lambs under summer conditions. These lambs
received supplemental vitamin A with Zn exhibited more favorable signs
in their physiolgical reactions than those received each of vitamin A or
Zn alone, indicating a synergistic relationship between both nutrients and
reflecting superiority of their efficient metabolic activities. Further study
may be needed to determine this useful combined effect of both nutrients
on reproductive performance of those male lambs.
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