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SUMMARY

A 6-weeks study was conducted to investigate the
effect of dietary'supplerhentation of indrganié
chromium as chromium chloride on performaiice
and immunity of broilérs. A total of 270, day-old
Hubbard broiler chicks were divided into three
dietary groups in a 3X3 factorial design. The first
group was fed on a basal control diet (Control
group). The second group was fed on the basal
diet suppl'emenied with 20 ppm chromium chlo-
ride. While the third group was fed on the basal
control dietisupplemented with 40 ppm chromium
chloride. Results indicated that there was a highly
- significant (P<0.01) improvement in all chromi-
um supplemented groups (20 and 40 ppm)
throughout the expefimental period regarding
body weight development. However, statistical

analysis revealed non-significant differences be-
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tween 20 and 40 ppm chromium supplementation.
Chromium also improved weight gain, reduced
feed intake and improved feed conversion. Re-
sults of lymphoc‘ytciblasiogcncsis in chickens re-
vecaled that 20 ppm chromium supplementation
significantly (P<0.05) increased the stimulation
index 21, 28 and 35 days from the beginning of
the stu-dy while the stimulating effect of 40 ppm
chromium supplementation significantly (P<0.05)
increased the stimulation index earlier at 14 days.
Morcover, chromium supplementation at a level
of 20 and 40 ppm signiﬁcantly (P<0.05) increased
the haemagglutinin (HA) antibody titre 21 and 28
days post immunization with sheep red blood
cells (SRBCs) but birds received 40 ppm chromi-
um showed earlier higher HA titre. There is a
general agreement between the results of the im-
muno-assays, histopathological examination as

well as the indices of the lymphoid organs in



terms of enhancing the immune response. Results
of the serum chemistry profile indicated that chro-
mium supplementation had no significant effect
on serum glucose, total protein or albumin. Inor-
ganic chromium significantly (P< 0.05) reduced
serum total cholesterol, serum triglycerides as
well as LDL cholesterol and increased the serum
HDL cholesterol. The chromium dietary supple-
mentation had no effect on serum alkaline phos-
phatase, serum ALT, serum AST or serum uric
acid indicating that inorganic dietary chromium
had no deleterious effect on the liver or kidney

functions.

Key Words: Inorganic chromium, Immunity, per-

formance, Broilers, blood lipids.

INTRODUCTION

The role of trivalent chromium as an essential
trace element in human and laboratory animal nu-
trition is well documented (Anderson, 1987; Of-
fenbacher and Pi-Sunyer, 1988; National Re-
search Council (NRC) of human, 1989; Lien et
al., 1993). Although an appropriate recommenda-
tion on the chromium requirement of poultry has
been not made (NRC, 1994), there is an increas-
ing body of evidence which suggests that chromi-

um may also be an essential trace element for

poultry.

Chromium is involved in carbohydrate metabo-
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lism and recognized as glucose tolerance factor
(GTF) (Schwarz an;d Mertz, 1959, Rosebrough
and Steele, 1981). It functions primarily by poten-
tiating the action of insulin “}hich is a master hor-

mone of metabolism; it not only helps controls

blood sugar levels, but also helps regulate the me-~

tabolism of fats, proteins, and energy (Steele and
Rosebrough, 1981; Okada et al., 1984; Ohba et
al., 1986; Press et al., 1990; McCarty, 1991 and
Page, 1991). It was reported early that chromium

might have a role in nucleic acid metabolism be-

cause of a significant increase 'in stimulation of
amino acids incorporation into liver protein in vi-
tro (Weser and Koolman 1969). Inconsistent re-
sponses of circulating lipid and lipoprotein con-
centrations due to chromium supplementation
were reported (Lukaski, 1999). Chromium also is
involved in modulating the immune response in
animals (Chang and Mowat 1992; Moonsie-
Shageer and Mowat, 1993; Chang et al., 1994,
and Cerulli et al., 1998).

Two general forms of chromium have been used
in supplementation trials, the inorganic form
(CrCl3.6H,0) and organic forms that seem to have
greater availability (Lukaski, 1999). However, be-
cause small concentrations are required, chromi-
um chloride and not organic forms may 'bé an eco-
nomical source in many diets. Plant products
contain a low content of chromium, implying that
broiler may have a deficiency of chromium be-
cause their diets consist either of all or a large

proportion of piant ingredients (Schroeder, 1971
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and Gibson, 1989). In the present study, the effect
of dietary supplementation of 20 and 40 ppm in-
organic chromium (CrCl4.6H,0) on different per-
formance parameters, immune response, serum

chemistry profile was investigated.
MATERIAL AND METHODS:

Chickens

A total of 270, day-old Hubbard broiler chicks
were divided into three dietary groups in a 3X3
factorial design. The first group was fed on a ba-
sal control diet (Control group). The second group
was fed on the basal diet supplemented with 20
ppm chromium chloride. While the third group
was fed on the basal control diet supplemented
with 40 ppm chromium chloride. The chicks were
floor reared in an electrically heated room provid-
ed with clean feeders and waterers and kept under

standard hygicnic and managemental conditions.

-The birds were fed ad-libitum with constant ac-

cess to fresh water. The birds were vaccinated
against Newcastle diseasc using Hitchner B1 and
La Sota vaccines at 5 and 18 days of agc rcspec-

tively.

Experimental diets: The birds were fed ad-
libitum on unmcdicated starter and finisher dicts
(Table 1) to serve as basal diets to which chromi-
um chloride (CrCl3.6H,0 - Merck-Germany) was
added.
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Blood Samples: Blood samples were obtained by
hcart puncturc at 3, 7, 14, 21 and 28 days post in-
oculation. Samples included serum for HI assay
and chemistry profile ‘and heparinized blood for

lymphocyte blastogenesis assay.

Measurcments:

Body weight development: Birds were weighed
individually every week. Individual weight gain
was calculated. Feed consumption and conversion

were calculated weekly.

Lymphoid organs weight Index: was calculated
for thymus, bursa and splcen according to Monto-
gomery et al., (1985) as follows:

organ weight/body weight X10000.

Hemagglutination Test: Was performed accord-
ing to the standard procedurce described by Anon,
(1971). Birds were immunized intramuscularly at

14 days old with SRBCs in a dose of 10 mg/bird.

Lymphocyte Blastogenesis Test: The test was
performed according to the method described by
Charles ct al., (1978) as well as Luci (1984). The
separation of lymphocytes was adopted after Boy-
um (1968) while the determination of viable cell
number was conducted according to Hanks and
Wallace (1958). The lymphocytes culturing was
carricd out as described by Confer et al., (1981)

using phytohcmagglutinin-P as"a mitogen at a

149




concentration of 10ug/well. The evaluation of the
lymphocyte blastogenesis response was based on
the modified MTT dye uptake assay which was
conducted according to the method described by
Garn et al., (1994). The lymphocyte response was
expressed in terms of Stimulation Index according

to Carpenter et al., (1978).

Histopathological Examination: It was per-
formed on thymus, bursa and spleen. Specimens

were kept in 10 % formol saline.

Serum Chemistry Profile: Total protein and al-
bumin were determined using commercial kits
(bioMerieux Vitek, Inc. ref. 61 602 and ref. 61
051 respectively). The serum glucose was deter-
mined by the enzymatic method using a commer-
cial kit (bioMerieux Vitek, Inc. ref. 61 272). Ser-
cholesterol, LDL

cholesterol as well as HDL cholesterol were per-

um triglycerides, total

formed using commercial kits (bioMerieux Vitek,
Inc. ref. 61 236, ref. 61 224, 61 226 and 61 227
respectively). Serum alkaline phosphatase and
transaminases (ALT and AST) werc determined
using commercial kits (bioMerieux Vitek, Inc.
ref.61 511 and ref. 61 691 and ref. 61 692 re-
spectively) Uric acid was measured in the serum
by specific diagnostic kits (Eli Tech Diagnostics.
Cat. #304 910 015)

Statistical Analysis: The obtained data were ana-
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lyzed by One Way Analysis of Variance with.

Newman-Keuls post test using GraphPad Prism.

Software (1999).

RESULTS AND DISCUSSION

The effect of dietary sﬁpplcmentation of two lev-
els (20 and 40 ppm) of inorganic chromiumvonj

body weights of chickens is shown in table (2).:

Dictary supplementation of chromium in broiler

diets markedly enhanced final body weights (Lien"
et al., 1999). In the present study; results indicated
that there were a highly significant (P<0.01) im-:

provement in all chromium supplemented groups
(20 and 40 ppm) throughout the experimental pe-
riod. However, statistical analysis revealed non-
significant differences between 20 and 40 ppm
chromium supplementation. The data of the effect
of dietary chromium on overall performance of
chickens is shown in table (3). Chromium supple-
mentation (20 and 40 ppm) improved weight gain,
reduced feed intake and improved feed conver-
sion. The obtained results nearly coincided with
those obtained with Steelc and Rosebrough,
(1979) and Rosebrough and Steele, (1981) in tur-
key poults as well as Lien et al., (1999) in broil-
ers. However. Cupo and Donaldson, (1987) re-
ported that supplemental chromium had no effect
on body weights of chicks. Similar results were
reported by Kim et al., (1996). In other species,

chromium supplementation significantly im-
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proved average daily weights gain of feeder
calves by 30 % and feed efficiency by 27 %
(Chang and Mowat, 1992) and significantly in-

creased weight gain but not feed efficiency in pigs "

(Page et al. 1993).

The enhancing effect of chromium supplementa-
tion could be attributed to its involvement in stim-
ulating the biological activity of insulin by in-
creasing the insulin-sensitive cell receptors or
binding activity (Mertz et al., 1974; Anderson et
al.,, 1987, 1991; McCarty, 1991; Morris et al.,
1993; Ward et al., 1994 as well as Lien et al.,
1999). Insulin can also stimulate anabolism and
inhibit catabolism (Lien et al., 1999). In addition,
chromium is involved in protein metabolism (Lu-
kaski, 1999). Chromium may have a role in nucle-
ic acid metabolism because of a significant in-
crease in stimulation of amino acid incorporation
into liver protein iﬁ vitro (Weser and Koolman
1969 and Lukaski, 1999). Moreover, Okada et al.,
(1983) reported an evidence of a direct interaction
of chromium with DNA templates that resulted in
a significant stimulation of RNA synthesis in vi-
tro (RNA is responsible for protein synthesis dur-
ing growth and regeneration) and subsequently
identified a unique protein containing 5-6 atoms
of chromium to which the anabolic function was
ascribed (Okada and Tsukada 1985, Okada et al.,
1989 and Lukaski, 1999).
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The effect of dietary chromium on Lymphocyte
Blastogenesis in chickens as judged with stimula-
tion index using MTT assay is shown in table (4).
Results indicated that 20 ppm chromium supple-
mentation significantly (P<0.05) increased the
stimulation index 21, 28 and 35 days from the be-
ginning of the study while 40 ppm chromiﬁm sup-
plementation significantly (P<0.05) increased the
stimulation index earlier at 14 days. The effect of
dietary chromium on the cellular immune system
has not been investigated in poultry. Chromium
may enhance some aspects of cell-mediated im-
munity (Lukaski, 1999). Chromium supplementa-
tion increased proliferation of peripheral blood
lymphocytes in terms of increased blastogenic ac-
tivity of peripheral blood lymphocytes incubated
with a mitogen (Chang et al., 1994, and Cerulli et
al., 1998). )

‘The effect of dietary chromium on haemaggluti-

nin antibody titre in chickens immunized with
sheep RBCs.is shown in table (5). Results indicat-
ed that in comparison to the control non-
supplemented group, chromium supplementation
at a level of 20 ppm significantly (P<0.05) in-
creased the haemagglutinin antibody titre 21 and
28 days post immunization with SRBCs. On the
other side, chromium supplementation at-a level
of 40 ppm signiﬁcamiy (P<0.05) increased the
haemagglutinin antibody titre at 2 weeks earlier

(7 and 14 days post immunization with SRBCs)
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compared to 20 ppm chromium supplemented
group. There is no available literature regarding
the impact of chromium supplementation on the
humoral immune response of poultry. However,
Moonsie-Shageer and Mowat, (1993) pointed out
that antibody titers of stressed feeder calves (to
human RBCs) fed chromijum were higher during
the primary response to the challenge. Animals
and birds mounted a responsc to a fairly complex
antigen (SRBCs) and, therefore, might be expect-
ed to mount a nearly similar response to both bac-

terial and viral challenge. The poor responsive-

ness to immunization could be attributed to the
development of immuno-tolerance as a result of
stress (Carlson et al., 1980). Chromium may im-
prove the effectiveness of vaccination by improv-
ing the immune function through reduced cortisol
or through other mediators released by the cells of
the immune system. Additional cvidence on the
enhancing effect of chromium on humoral immu-
nity was rcported by Chang and Mowat (1992)
who reported an improvement of IgM and total
immunoglobulin levels and by Moonsie-Shageer

and Mowat, (1993) in terms of increased IgG1 by

Table (1): Composition and Calculated Analysis of Experimental Dicts:

(%)
Ingredient Starter Finishcr

Ground ycllow corn 58.0840 63.9609
Soybcan mcal (44 % CP) 32.7280 28.6718
Fish mcal (72.3 % CP) 2.5000 -
Mcat Mcal (52 % CP) 1.1330 ' 23116
Dicalcium phosphatc 1.2140 1.1533 -
Limestonc 1.3470 0.8336
NaCl 0.3500 : 0.3500
Vitamin and Mincral Premix * 0.2000 0.2000
Syathetic methioninc 0.1340 0.1732
Vegetable oil 2.3100 2.3456
CP % 22.5 20.0
TME Kcal/kg 3050 3100
Calorie/protcin ratio 135.55 155
Crudc fat % 5.0 5.0
Crudc lber % 291 292

| Calcium % 1.06 0.85
Auvailablc Phosphorus % 0.45 0.42
Sodium % 0.22 ) 0.22
Lysine % 1.34 113
Methioninc % 0.53 0.51
Mcthionine + Cyslinc % 0.9 . 0.85
Argininc % 1.61 1.43
Linolcic acid % 2.61 271

* Supplicd per kg of diet: Vitamin A: 6600 IU; Vitamin Dj: 2200 IU; B;: 4.4 mg; Pantothcnic acid:
13.2 mg; Niacin, 39.6 mg; Choline chloride: 500 mg; B3: 0.022 mg; Mn: 0.55 mg; Fe: 50 mg;

Cu: 4 mg; Zn: 40 mg
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! . Table (2): Effect of dictary chromium on body weight development

“
Age 0 ppm chromium 20 1 i 40 ppm chrom;um
in days {Control) ppm chromium pp
0 42.5 4.5 9.5
40.65 40.65 40.65
7 83.923 94.29b 93.06b
+1.196 +1.321 +1.441
14 214.73 284.7b 294.1b
+8.86 +4.56 +6.96
21 390.34 472.5b 448.5b
+13.77 +11.15 +6.65
28 630.32 737.0b 729.0b
+11.03 1172 +8.77
35 924,83 1012.0b 1035.0b
+14.97 +18.1 +21.58
42 1205.03 1362.0b 1387.0b
+35.21 +27.82 +18.16
- Values arc means + SEM

Values in the same row with different superscripts vary significanily ai P< 0.01

Table (3): Effect of dictary chromiuin on overail performance

i rﬁig:ys 0 pp(l?:(c)::trr(:)rlr;ium 20 ppm chromium | 40 ppm chromium
Initial Wt. (g.) 42.5 425 425
_ Final Wt. (g.) 1205 1362 1387
Total Gain (g.) 1162.5 1319.5 1344.5
Total Feed Consumed (g.) 2557.5 2586.22 ©2608.33
Feed: Gain Ratio 2.2 1.96 1.94

Vet.Med.J.,Giza.Vol.49,No.1(2001)
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Table (4): Effect of dictary chromium on Lymphocyte Blastogenesis in chickens as
judged with stimulation index using MTT assay.

Lymphocytes Stimulation Index
Age 0 PP(TE (f:tfr‘(’)‘l';'“m 20 ppm chromium | 40 ppm chromium
in days .
Injected | Without | Injected [Without Injected | Without

with RBCs| RBCs |with RBCs| RBCs |with RBCs{ RBCs
Day old 1.7 1.7 1.7 1.7 1.7 1.7
0.3 0.3 0.3 +0.3 0.3 0.3
7 1.89 1.89 1.9 1.9 1.98 1.98
10.17 +0.17 +0.09 +0.09 0.1 0.1

14 1.95 1.95 2.04 2.04 2.14* 2.14
+0.3 +0.3 +2.1 2.1 0.8 0.8

17A 2.1 1.96 2.13 2.09 2.16% | 2.15*
+0.8 +0.5 +1.7 +1.1 0.9 0.7

21B 2.18 2.0 2.73* 2.11 . 2.29%* 2.19*
+0.7 0.7 +1.2 +1.4 +1.3 +1.1

28C 2.2 2.1 2.43* 22 261* 2.31*
+1.3 10.1 +1.0 +1.2 +0.7 0.8

35D 2.32 2.29 2.47* 2.39* 2.6* 2.39*
*1.7 +1.3 +0.3 +1.0 0.2 0.7

42E 2.39 23 241 2.4 243 2.38
*1.9 +0.6 0.7 +1.1 *1.2 0.9

Values are means * SD.
* Significantly different at P<0.05 compared to control.
A 3 days post immunization with SRBCs
B 7 days post immunization with SRBCs.

€14 days post immunization with SRBCs.

D 21 days post immunization with SRBCs.
E 28 days post immunization with SRBCs.

Vet.Med.J.,Giza.Vol.49,No.1(2001)
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Table (5): Effect of dietary chromium on haemagglutinin antibody titre in chickens immunized
with sheep RBCs. '

Haemagglutinin antibody titre

0 ppm chromium ; :
Age (Control) 20 ppm chromium 40 ppm chromium
in days

_ Non- Immunized Non- | Immunized Non- Immunized

immunized | with SRBs | immunized| with SRBs | immunized| with SRBs
14A 0 0 0 0 0 0
21B 0 2.0 0 2.1 0 2.5%
28C 0 3.1 0 3.5 0 3.8*
35D 0 3.8 0 5.1% 0 - 5.8%
42E 0 3.5 0 4.6* 0 4.9*

* Significantly different at P< 0.05 compared to control. .
A zero time of immunization with SRBCs.

B 7 days post immunization with SRBCs.

€ 14 days post immunization with SRBCs.

D 21 days post immunization with SRBCs.

E 28 days post immunization with SRBCs.

Table (6): Effect of dictary chromium on weight indices of lymphoid organs in chickens

Bursa (B), Spleen (S), Thymus (T) weights/ body weight ratio

0 ppm chromium

Age (Control)
in weeks

20 ppm chromium 40 ppm chromium

B/BW | S/BW | T/BW |B/BW | S/BW | T/BW | B/BW |S/BW | T/BW

4 1.17 1.59 1.745 1.6 0.83 1.48 1.23* 0.83 222+
5 0.923 1.31 222 2.15* | 0.79 2.25 1.32* 1.027 2.009
6 1.73 1.61 2.06 1.55 0.69 3.16* 1.76 1.79* 3.11*

* Significantly Jiffcrent at P< 0.05 compared to control.

Vet.Med.d..Giza.Vol.49,No. 1(2001) . 155
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Table (7): Effect of dictary chromium on serum chemistry profile:

0 ppm
chromium cﬁg)g?i‘:m :O ppm
(Control) chromium
Total protein g/100 4.204 4.311 3.973
ml 40.236 40.261 40.295
Albumin 1.972 2.253 2.125
g/100ml +0.077 40.062 +0.127
Glucose 183.4 189.1 201.0
mg/ml +6.932 +5.781 +13.42
Total Cholesterol 74.332 67.01b 64.3b
mg/100 ml +2.176 42.190 +1.182
HDL cholesterol 20.912 27.43b 25.36
mg/100ml 10.714 40.467 +1.08
LDL cholesterol 36.092 23.98b 26.39%
mg/100ml . +2.273 42.199 +1.993
Triglycerides mg/ 83.442 74.22b 75.37°
100ml 42.206 42,223 2.344
Alkaline 147.3 136.9 141.3
phosphatase (U/T) 5.6 3.1 3.0
AST (U/ml) 38 41 41.67
+1.34 +0.63 +1.2
ALT (U/ml) 40 39 36.44
+0.81 +1.0 +1.16
Uric acid (mg/dL) 7.74 8.23 10.0
10.75 10.61 10.54

Valucs are means £ SEM
Values in the same row with different superscripts vary significantly at P< 0.05
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supplemental cﬂ!ulromium.

The results of ‘the histopathological examination
of the bursa, spleen and thymus are presented in
(Figures 1-9). In the group fed on 20 ppm dietary
chromium, there was diffuse hyperplastic activa-
tion allover the mucosal lymphoid follicles in the
bursa (Fig.1). Focal circumscribed round areas of
lymphoid cells aggregations were observed
(Fig.2) in the spleen with hyperemic red pulps. In
the thymus, the cortical portion showed hyper-
plastic activation of the lymphocytes in associa-
tion with focal extravasation of red blood cells in
the corticomedullary junction (Fig.3). In the
group fed on 40 ppm dietary chromium, there was
hyperplastic activation in the lymphoid follicles
of the mucosal layer of the bursa (Fig.4). Focal
aggregations of lymphocytes were observed in
diffuse manner allover the splenic tissue (Fig.5).
Lymphoid hyperplasia was noticed in the cortical
portion.with focal areas of haemorrhages in the
corticomedullary junction of the thymus (Fig.6).
In the control non supplemented group, the nor-
mal histological structure was observed in the
bursa, spleen and thymus in Figures 7, 8 and 9 re-

spectively.

The impact of dietary chromium on weight indi-
ces of lymphoid organs in chickens is shown in
table (6). Compared to the control group, the bur-
sa weight indices were significantly higher

(P<0.05) in the 20 and 40 ppm supplemented
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groups 4 and 5 wecks following the beginning of
the study. In addition, no significant effect was
observed on the spleen weight indices except in
the 40 ppm supplemented group at thc age of 6
weeks. Moreover, the thymus weight indices were
significantly higher (P<0.05) in the 20 ppm sup-
plemented group 6 weeks following the beginning
of the study as well as 40 ppm supplemented
group 4 and 6 weeks following the beginning of
the study. The higher weight indices of bursa sup-
port the enhancing effect of chromium on humo-
ral immunity as measured by haemagglutinin anti-
body titre in chickens immunized with sheep
RBCs (Table 5). On the other side, the higher
weight indices of thymus confirm the enhancing
effect of chromium on cellular immunity as meas-
ured by Lymphocyte Biastogenesis (Table 4). It is
of note that there is a general agreement between
the results of the immuno-assays (Tables 4 and 5),
histopathological examination (Figures 1-9) as
well as the indices of the lymphoid organs (Table
6).

The impact of dietary supplementation of chromi-
um on serum chemistry profile is shown in table
(7). Chromium supplementation had no signifi-
cant effect on total protein or albumin. Unlike the
findings of Lien et al., (1999) who reported a sig-
nificant reduction in serum glucose as a result of
chromium supplementation, results in the present

study indicated that chromium supplementation

Vet.Med.J.,Giza.Vol.49,No.1(2001)
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had no significant effect on serum glucose. These
results coincided with those obtained in turkey
poults (Rosebrough and Steele, 1981). In vitro
studies on the uptake and oxidation of glucose by
liver slices from chicks revealed that chromium
increased the rate of glucose utilization 16% over

control (Cupo and Donaldson, 1987).

Chromium supplementation results in equivocal
responses in circulating lipids and lipoprotein
concentrations (Lukaski 1999). The dietary sup-
plementation of two levels (20 and 40 ppm) of in-
organic chromium significantly (P< 0.05) reduced
serum total cholesterol, serum triglycerides as
well as LDL cholesterol. However, statistical
analysis revealed non-significant differences be-
tween 20 and 40 ppm chromium supplementation.
On the other side, chromium supplementation sig-
nificantly (P< 0.05) increased the serum HDL
cholesterol. Similar data were reported by Lien et
al., (1999) in broiler and by (Lukaski 1999) in hu-
man subjects. A previous study indicated that in-
sulin with its stimulated biological activity due to
dietary chromium, can increase the lipoprotein li-
pase activity and eventually decrease the contents
of triglycerides rich lipoproteins (Garfinkel et al.,
1976 and Howard et al., 1993). It also can in-
crease liver LDL receptors, thereby reducing the
LDL content and concomitantly the HDL propor-
tion is increased (Brindley and Salter, 1991 and
Lien et al., 1999).

Vet.Med.J.,Giza.Vol.49,No.1(2001)

The chromium dietary supplemeﬁtation had no ef-
fect on serum alkaline phosphatase, serum ALT,
serum AST or serum uric acid indicating that in-
organic dietary chromium had no deleterious ef-

fect on the liver or kidney functions.

Conclusion:The data obtained in the present
study indicated that dietary supplementation of in-
organic chromium in the form of chromium chlo-
ride was beneficial in improving performance, hu-
moral and cellular immune responses and in
reducing cholesterol, LDL cholesterol as well as
triglycerides and increasing HDL cholesterol. The
use of chromium chloride had no adverse effect

on the liver or the kidney.

inati
Fig.1: Bursa of chickens (20 ppm chromium sup-
plementation) showing hyperplastic activa-

tion of the lymphoid follicles (H&E x40)
Fig.2: Spleen of chickens (20 ppm chromium sup-
plementation) showing focal

aggregation. (H&E x40)

lymphocytic

Fig.3: Thymus of chickens (20 ppm chromium
supplementation) showing lymphoid cells
proliferation in the cortical portion with fo-
cal extravasation of the blood cells in the
corticomedullary junction. (H&E x40)

Fig.4: Bursa of chickens (40 ppm chromium sup-
plementafion) showing hyperplasia of the

lymphocytes in the mucosal follicles. (H&E
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x40)

Fig.5: Spleen of chickens (40 ppm chromium sup-
plementation) showing focal lymphoid
cells aggregations. (H&E x40)

Fig.6: Thymus of chickens (40 ppm chromium
supplementation) showing lymphoid cells
hyperplasia in the cortical portion with focal
haemorrhages in the corticomedullary junc-
tion. (H&E x40).

Fig.7: Bursa of chickens (control group) showing
the normal histological structure of the mu-
cosal epithelium and lymphoid follicles.
(H&Ex40).

Fig.8: Spleen of chickens (control group) showing
the normal histological structure of the
white and red pulps. (H&E x40).

Fig.9: Thymus of chickens (control group) show-
ing the normal histological structure of the

cortical and medullary portions. (H&E x40).
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