CHAPTER 4
RESULTS Y
4.1  Nutritional composition of date palm and goat milk q
Table 6 showed the chemical composition of Ajwa date palm and'éwmlk The
Ajwa date flesh contains a high level of sugar with every 100g contains 31.6g glucose
and 29.5g fructose, respectively. Sucrose, galactose, lactose a altose were not
detected. For mineral trace, in every kilogram of date pa YT

calcium, 418 magnesium, 10.70mg of iron, 5.23mg Mmg zinc.

Copper was not determined. 9.80mg ascorbic acid w. ected in 1 d}te F? goat

t ontalns 536 mg

milk, 3.38g of lactose was detected in every 100 I\\ erg detected.
Goat milk also contains 0.90mg iron, 0.99 inc ium and@»g magnesium

per 1€ of milk. Ascorbic acid and ma ese:)owever not @%ted in goat milk.

3 a
ate pal Qsomposmon of sugars,

Table 6: Nutritional composition
' fAjWa date oat milk

minerals and vitamin (in fresh

Chemical composition Q oat Milk
Sugars Q (g/100mC)
Glucose . nd
Sucrose q nd r ‘é nd
Galactose nd [ 0’ nd
Fructose 29.50° ' g & nd
Lactose ?\ QO 3.38
Maltose \ lﬁ?\ % nd
Mineral . (mglkg) \Qv ) (mg/t)
Iron 0.90
Manganese(\ ?P C,)(J nd

Zinc 2189 0.99

mMg/100g) (mg/100m¢)
.80 nd

ate not determined ¥

o
~

S
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4.2 Analysis of body weight

Table 7 depicts the variations in body weight of Wistar rats. After 2 we
low iron diet, the mean bodyweight of the rats in the normal control and @uced
group (Group 2 — Group 6) did not differ significantly (p>0.05). weeks of
intervention, all groups showed a significant increase (p<0.05) in mdy weight.

The bodyweight of positive control rat post-intervention showeq Micam difference

(p<0.05) when compared to the negative control. Higher ight increment was

also detected in all intervention groups as compared to nokmal an nWontrol
‘ Y'
b(!dyé.ceught of

Table 7: The effects of date palm and goat milk s entationjon
IDA-induced rats.

Bodyweight (kg) B
Group (2 weeks after iron 4

deprivation) i

Normal control 0.21+0.01 %.30 ££0.09+0.00
Negative control 0.21+0.00 \ 0.28 0.07£0.01
Positive control 0.21+0.01 0.14+0.00
Date Palm (DP) 021+0 0.12+0.01
Goat Milk (GM) 0. 2o + f 0.12+0.01
Date palm and goat

milk (DPGM) 0. 22 + 0.11+0.01

All parameters are presente
* indicates significant differenges (p < 05) e st- treatment.
¢ indicates significant ce (p <Q: ryp edto negative control.
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4.3  Analysis of RBC parameter and iron profile

IDA is a nutritional condition in which the blood lacks sufficient heaww
blood cells as a consequence of the body's inadequate iron levels. IDA is @d by
performing laboratory tests such as full blood count which include theﬂ;wement of
RBC, Hb, MCV, MHC and platelet count. Additional tests, iron profile; was also done
to further evaluate the level of iron in the body. The RBC p Wand iron profile
were shown below and the normal reference range for a%:va's obtained from

Clinical Laboratory Parameter For Crl: WI (Han) (GikniS'&CIiff dWﬂd Thakur

o
et al., (2019), respectively. é | _\C-}
4 bW
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4.3.1 Red blood cell (RBC) count

Iron deficiency in IDA disturbed the production of red blood cells refle?'w
the decreased level of RBC count. Based on figure 10, after 4 weeks of inte@, the
RBC count returned to normal range with significant increased we in group
supplemented with date palm (DP), date palm and goat milk (DPW).and ferrous
fumarate tablet (positive control) with final RBC value of 8.25 x10%/L, 8.60x10%%/L
and 8.63x10%?/L respectively. Negative control with conti m iron diet showed
significant deterioration (p<0.05) of RBC with a final count of 3. x.’mﬂdbdl groups

: ‘Z'

showed significant differences when compared to the tive cantrol. l _\

- ! SN . i

Red Blood cell count (RBC)

10.00 -

9.00 -

8.00 -

7.00 -

- 6.00 -

<§ 5.00 -

S 4.00 -

3.00 -

2.00 -

1.00 -

0.00 -

Normal Negatlve Positive DPGM
Figure 10: Red II c Ain d rats supplemented with date palm and
goat milk. S qare resbn mean £ SEM. * indicates significant
differences : pre and st% e tion. a and b indicate significant differences
(p<0.05) redt egatlve control, respectively. DP: Date palm;
GM: G% D j)alm goat milk. Reference range: 7.27- 9.65 x 10*?/L.
2\ &
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4.3.2 Haemoglobin level

A reduced Hb level indicates impaired Hb production. Figure 11 show?lm
after the consumption of a low iron diet for 2 weeks, the rats were anaemi ha
mean blood Hb level of 10g/dL, significantly lower (p<0.05) than thew control
group with a Hb level of 13.50g/dL. After the supplementation withydate palm and
goat milk, the Hb level significantly increased (p<0.05), with_date palm group (DP),

showed improvement in Hb level from 10.30g/dL to 15. L, ate'palm and goat
milk group (DPGM) from 10.35 g/dL to 15.58 g/dL an ly p itwgl group
centration, jnjthé g@n?lk
e % no@ﬁificam.

The continued supply of low iron diet significan deo&Tase p<0.0@‘£level with

a final Hb concentration of 6.68g/dL v@ved in the ativéﬁﬂtrol group.
e \?)A

from 10.35g/dL to 16.18. There was an increase in

group (GM), from 10.03 g/dL to 13.85 g/dL, ho

Haemoglobin (Hb)
18.00 - * * b * b b * b
16.00 -
14.00 -
a
12.00 +
i 10.00 -+
0 8.00 -
6.00 -
4.00 -
2.00 -
0.00 -~ T T T T T
Normal Negative Positive Date GM GMD

[} &
Fig '\He{noglobin concentration in IDA-induced rats supplemented with date palm
an%ic ilk. All parameter%e presented as mean £ SEM. * indicates significant
remces (p<0.05) pre - and post-intervention. a and b indicate significant differences

) as compared to the normal and negative control, respectively. DP: Date palm;
6 : Goat milk; DPGM: Date palm and goat milk. Reference range: 13.7-17.6 g/dL.
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4.3.3 Packed cell volume (PCV)

Packed cell volume (PCV) commonly known as haematocrit, is a measﬂ?!ﬂ
of red blood cell volume in circulating blood, determined by cell num@size.
Based on figure 12, after 2 weeks of iron depletion, the baseline PC is below
the normal range of 39.6%. PCV level increased after the IDA inducedrats were given
intervention supplementation for 4 weeks, in which significant increase (p<0.05) were
seen in IDA induced rats supplemented with date palm (DP NW/ ,alue of 49.25%,
in date palm and goat milk (DPGM); 50.25% and itive control, .5'0%. The
negative control group displayed a significant decre <0.05) in Vlle@i:h a

final value of 16.75% All intervention groups s sig@ fere@p<0.05)

when compared to the negative control. \l w\ {\Y.
A

Packed Cell Volume (PCV)
60.00 - * b * b * b
50.00 - b
40.00 - * 3
R 30.00 -
20.00 -
10.00 -
0.00 - . . . . .
Normal Negative Positive DP GM DPGM

N’

%‘ N
Figure w‘ d ceh vol g\ I@ induced rats supplemented with date palm and
goat milk? parameters are pYQSented as mean + SEM. * indicates significant
differenges (p<0.05) pre-and past=ihtervention. a and b indicate significant differences
(pﬂ& compared to the notmal and negative control, respectively. DP: Date palm;

% at milk; DPGM: Date palm and goat milk. Reference range: 39.6-52.5%
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4.3.4 Mean corpuscular volume (MCV)
Mean corpuscular volume (MCYV) is the average volume of RBC, thaw

the average size of RBC. From figure 13, the negative control gro@ed

significant decrease (p<0.05) in MCV level, declining from 61.50f 50 fL. A

[<5)

decrease in MCV value was also observed in the normal control groupq, ecreasing from
67fl to 58fl, however, it is not significant. The level of MCV, chest of the study

groups showed insignificant different pre and post treatme z '

Mean Corpuscular Volume (MCV) .
S
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Figure 13: Mean Corp ﬁme ‘\ ID mﬂu@rat supplemented with date palm
and goat milk. All paramet s are pié &s4mean + SEM. * indicates significant

20.00
10.00
differences (p<0.0 re-and - enti ﬁ,} P: Date palm; GM: Goat milk;
DPGM: Date palmatand goat milk. Re renc%ége: 48.9 -57.9 L.
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4.3.5 Mean corpuscular haemoglobin (MCH)

Mean corpuscular haemoglobin (MCH) measure the average n?!f
haemoglobin per red blood cell. MCH level was significantly decreased (@from
18.25 to 15.75pg in negative control group (figure 14). The rest of stud s showed

insignificant changes in the MCH value pre and post treatment. Q

Y,

Mean Corpuscular Haemoglobin (MCH)
25.00 -
20.00 - "
N4

15.00 - 2.
o0 .
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J 2T x T
Figure 14: Mean Corpuscular bin fével i indg%d rat supplemented with
e

ters resente (ae/mean + SEM. * indicates

date palm and goat milk. AIN&
significant differences (p<Q.05 -an
Ref

milk; DPGM: Date paIE an
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4.3.6 Mean corpuscular hemoglobin concentration (MCHC)

Mean corpuscular hemoglobin concentration (MCHC) meaquﬂe
haemoglobin concentration in each volume of packed red blood cells. Ba@igure
15, after 2 weeks of iron depletion, the baseline value of MCHC inall s ups were
below the normal range of 32.9g/dL with value ranging from 28.75@ 31.50g/dL.
A significant increase (p<0.05) was seen in negative control_whe e MCHC level

increased from 29.75g/dL to 37.00g/dL. The rest of the v;tior] groups showed
nt.

insignificant changes in the MCHC value pre and post t e .\d
X
MLiu-}
v
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Figure 15: Me %scu \He.e%glo 'Q@oncentration (MCHC) in IDA induced
rats suppleme aei%d,th g ilk. All parameters are presented as mean

tegpal e'g
+ SEM. * indi ignificant diffefenges (p<0.05) pre-and post-intervention. DP: Date
M@w. i

palm; G ilk; DPGM: Dat and goat milk. Reference range: 32.9- 37.5
g/dL b
"
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4.3.8 Serum lIron

Figure 16 showed that a low iron diet for 2 weeks successfully induc
deficiency in rats, with serum iron levels ranging from 6.45umol/L to 11. , as
compared to normal control (34.15 pmol/L). Following 4 weeks ol'lkyention, a
significant increase (p<0.05) in serum iron level was observed in%all intervention
groups. The serum iron level was significantly increase W&SwmollL to
31.95umol/L for date palm group (DP), from 11.30pmo mB'lmoI/L for goat
milk group (GM), from 7.23pumol/L to 31.93umol/L for alman ‘ilk group
(DPGM) and from 6.45 pmol/L to 29.35 pmol/L far pesitive ¢ontrol. A s_'@;'fvi;ant

decrease (p<0.05) in serum iron level was seen i ga% rou@ﬁth afinal
value of 3.13umol/L from 11.53 umoI/L.GNI\g) upsvTo signi@gt.differences

(p<0.05) when compared to the norm@aﬁve con k

a5
=N\ A

Serum iron
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% 25.00 -
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Fig : Serum iron level in induced rat supplemented with date palm and goat
mi% arameters are prese}ted as mean = SEM. * indicates significant differences
p

( re-and post-intervention. a and b indicate significant differences (p<0.05) as
ed to the normal and negative control, respectively. DP: Date palm; GM: Goat

G ; DPGM: Date palm and goat milk.
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4.3.9 Transferrin saturation

Iron circulates throughout the body in transferrin bound form. Traw'ﬁm
maintains Fe®* in a redox-inert state and deliver it safely to the body’s tissue. Eiglire 17
showed the level of transferrin saturation. After iron depletion, tran:fé&;aturation
level was significantly reduced (p<0.05) in all IDA induced groupswith transferrin
saturation levels ranging from 11.25% to 25%, as compare tCMaI control with
transferrin saturation of 53%. A significant increase (p<0. (Y;e'] in the positive
control, date palm (DP), goat milk (GM) and date pal goa mMM) post-
intervention. Even though not significant, the final ferrinflevel in ﬁn@‘ﬁion

groups was still lower than that of normal c it)—a\fi nsfeq‘lﬁv level of

89.25%. Meanwhile, negative control showed eclv? 'natioq@;zr: transferrin
saturation significantly reduced (p<0.(@20.50% to %.é
?).

Transferrin saturation
120.00 -~
*
100.00 - * b
80.00 - * b -
¥ 60.00 - *b
40.00 - * a
20.00 - -
000 i T T T T T
Normal Negative Postive DP GM DPGM

& F
Fig@sferrin saturatio el in IDA induced rats supplemented with date palm
an%L ilk. All parameter%e presented as mean £ SEM. * indicates significant
remces (p<0.05) pre-and post-intervention. a and b indicate significant differences
'05) as compared to normal and negative control, respectively. DP: Date palm;

6 : Goat milk; DPGM: Date palm and goat milk.
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4.3.10 Ferritin

Ferritin is the intracellular iron storage protein that store and release ir |
tightly regulated manner. The expression of ferritin increases when the €e |ron
level high, and vice versa. As hepatocytes have a high capacity for the m&yage rat’s
liver was used to determine the level of ferritin. In this study, the level of ferritin was

determined using ELISA method. Figure 18 showed that no siqrm difference was

observed between all study groups regardless of diet.
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Figure 18: Ferritin Ie\% mduid r shppb'nented with date palm and goat
oat

milk. DP: Date palm; |IE‘ él)@e palm and goat milk
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Table 8: RBC parameters and iron profile of the rat after 2 weeks of anaemia induction AC‘)

Y—

Haematological

Normal control

Negative control

Positive control

Date Palm (DP) ¥ Goat milk (GM)

Date Palm and goat

value milk (DPGM)
RBC (109/L) 6.80 £ 0.04 4.73+0.22a 5.85+0.06 *P 6.10 £ 0.2 7V 5.80 +£0.36 P 5,70 +£0.43 2P
Hb (g/dL) 13.50+0.12 2P 8.58 +£2.432%P 10.35+0.51 2P 10.03+0.60 &P 10.35+1.433b
PCV (%) 45.50 + 0.65 29.00+1.22¢2 37.00+2.16 *° &g.a b 34.00 + 2.312 3250+3.702
MCYV (fL) 67.00 + 1.08 61.50 + 0.87 63.25 £ 3.20 33 I 58.75+4.03 2 57.25+2.992
MCH (pg) 19.75+0.25 18.25+0.48 18.00 + 0.82 §\d 18.00 £ 0.82 2 18.00+0.822
MCHC (g/dL) 29.50+0.29 29.75+0.48 28.75+0.50 * .31.00 +0.82 31.50+1.29°
Serum Iron (umol/L)  34.15+4.54 11.53+159¢ 6.45+7.14 a I -3(:)11.30 +561¢% 7.23+£487°2
Transferrin (%) 53.00 + 4.38 20.50 +3.07 2 11.25+13.332 " 25.00 +10.80 ° 13.75+10.37 2

N,

All parameters are presented as mean + SEM

&b within the same row indicates significant differences (p<0.05) as co

N

Table 9: RBC parameters and iron profile of the IDA-induced rat §ﬁﬁﬁ4

pared to th
kS0

\V

Y-V
rn@lﬁnd negative control, respectively.
O

ﬂi @ention with date palm and goat milk

Haematological

Normal control

Negative control

Positiv@ﬁl

weeks
n f te p@(DP)

Goat milk (GM)

Date palm and goat

value b % milk (DPGM)
RBC (109/L) 8.55+0.17* 3.65+0.74° 8.63.+ 0°54* r‘Ts. 5 0.53* 7.28 +1.61 8.60 + 0.08*
Hb (g/dL) 16.18 + 0.49* 6.68 + 3.09 6.18(+ .821 | 1555+ 0.62* 13.85 +2.77 15.58 + 0.33*
PCV (%) 49.75 + 2.39 16.75 + 2.25* B % 3.4 s, 2925+ 4.86* 42.75 + 9.67 50.25 + 0.96*
MCV (fL) 58.00 + 2.35 44,50 + 2.06* 60.75 +.3: (fjﬁo.oo +3.16 59.50 + 1.73 58.25 +1.71
MCH (pg) 19.00 + 0.41 15.75 + 0.63* ’Qf : <> 19.25+0.50* 19.25 + 0.96 18.25 + 0.50
MCHC (g/dL) 32.75 + 0.75* 37.00 + 1.41* 1. 8 é@ 32.00 +2.162 32.25+2.222 31.00 + 0.822
Serum Iron (umol/L) ~ 39.90 + 2.79* 3.13£0.74%2 \ 35 aé.% 31.95 + 5.26% b 30.48 + 3.59* 2 b 31.93+2.95% b
Transferrin (%) 89.25 + 6.18* 6.75 + 1.49%2 G ) 50 3370 @ 61.50 + 10.97* 2P 76.75 + 8.42% 2 b.c 60.25 + 6.24* 2b
“Ferritin 52.84 +9.27 43.85 + 1.;9% 50.35 +7.045 43.87 £5.03 52.52 + 8.09 48.90 + 2.48
All parameters are presented as mean + SEM 4 &/ Tf ¥

* indicates significant differences (p<0.05)
ab.¢ \within the same row indicates signific

*Ferritin was determined using ELISA

d post-intervention.
ifferences (p<0.05) as compared to the normal, negative and positive control, respectively
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4.4  Analysis of iron bioavailability using HRE.

Haemoglobin regeneration efficiency (HRE) estimates the percent
ingested iron that is absorbed. To calculate the HRE, the rat’s weight @ iron
content, both in the initial stage and final stage were used (table 1@7'.;65 negative
control group showed a reduced final Hb iron content of 4.06mg, I&r‘compared to
normal control, positive control and intervention groups wi Mb iron content
ranging from 9.77mg to 12.71mg. HRE percentage in tc ntrol was also

significantly higher (p<0.05) with the value of 21.7% compared t antrol with

o
3.7%, positive control with 5.2%, date palm group .58%, [goa iIU @with
4.58% and date palm and goat milk group wi %. % indi@g that all
available iron is fully used and utilised for w ropojesi ocessﬁ?tionally, all

intervention groups showed no signifi Ifférence wh mp o normal control

and they also showed a similar HR@Sentage \T ,‘\'\
\
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T

Table 10: Haemoglobin regeneration efficiency (HRE) of IDA-induced rat supp@ed with date palm and goat milk.

Date palm and goat

Group Normal control  Negative control  Positive control  Date pT Goat milk milk
Initial body weight (kg) 0.21+0.01 0.21+0.00 0.21+0.01 0.21%,0000 0.20 +0.01 0.22 +0.01
Initial Hb (g/L) 135.0+1.22 83.0+3.94 103.5+2.53 1?': 3.24 100.3 +£2.98 103.5+7.14
Initial Hb Fe (mg) 6.36 + 0.24 3.91+0.21 4.89+0.29 % + 0'20 45+0.29 5.01+£0.42
Final Body weight (kg) 0.30 +0.01 0.28 +0.01 0.35+0.01 3 i% 0.32+0.01 0.32+0.02
Final Hb (g/L) 161.75 + 4.87 65.3+1.93 161.7 5+ 4. 55150 #3.12° \Y' 138.50 + 13.87 155.75 + 1.65
Final Hb Fe (mg) 10.91+£0.42 4.06+0.14 1271 Oé 11§Gé .{" 9.77 £ 0.77 11.29 £ 0.69
HRE (%) 3.7£044* 21.7+4.25 5.2+0.19* 253 £0.41°N 458+092~* 5.06 £ 0.65*
N

All parameters are presented as mean = SEM, (n=24).

* indicates significant differences (p<0.05) as compared to

\T

é‘(‘
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45  Expression of iron metabolism-related genes by qPCR

45.1 RNA concentration and purity Y*
The concentration of the RNA for the small intestine and liver were @Iow;

3168ng/ul for the liver (table 12).

Table 11: RNA concentration and purity of sma

Sample RNA concentration

(ng/ul)

Normal control 1 1184 2.06
Normal control 2 1150 2106
Normal control 3 442 i \Z‘Q(
Normal control 4 ‘w
Negative control 1 0

Negative control 2 372

Negative control 3

Negative control 4 % 4 \
8

10 .
Positive control 1 2& T 204
Positive control 2 3 u
Positive control 3 \ 2‘%‘\\} .05
N

Positive control 4 I . 2.063
Date palm 1 Y‘ TR > 208
Date palm 2 976 | 0 2.050
Date palm 3 %

Goat milk 1
Goat milk 2
Goat milk
Goat milk

2wt e 2.083
Date palm 4 : NS EL kéf/ 2,055

Dategpal
D g(m'& goat mil P 4 X 716 2.081
Da§ palm & goat milk 4 1230 2.085
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Table 12: RNA concentration and purity of liver in rats

Sample

RNA concentration

260/280 260/23
(ng/ul) Oh'

Normal control 1
Normal control 2

1444 2.045 2.0 ‘
1264 2.052 78

Normal control 3 1402 2.068 ;
Normal control 4 546 2.053 46
Negative control 1 1362 2.057 2.
Negative control 2 540 2.077 29
Negative control 3 1658 2.057 2.217
Negative control 4 2814 . .
Positive control 1 432

Positive control 2 2922

Positive control 3 2144

Positive control 4 1818

Date palm 1 2622

Date palm 2 2998

Date palm 3 2318

Date palm 4 792

Goat milk 1 1036

Goat milk 2 2346

Goat milk 3 2698

Goat milk 4

Date palm & goat milk 1

Date palm & goat milk 2
Date palm & goat milk 3
Date palm & goat milk 4
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45.2 Gel electrophoresis of extracted RNA

The extracted RNA was analysed through agarose gel electrophoreiéis. A
mixture of 2ul of RNA sample, 2ul of Loading Dye and 3ul of RNase fre'e_h\_/\./etef.;vvas
loaded into the gel. 28S and 18S rRNA band were observed in all groupgf-fqr 'f;oth the
small intestine and liver. No other higher molecular weight moleculeef:_wé're detected.

Figure 19 to Figure 24 showed the results of the RNA extraction.

L SL S2 S3 s4 L Ligr? 13, 4 4
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Figure 19: Total RNA’ extracted from small lntestlne and liver of normal
control group wire fractioned on 1%;agaroSe,gel, which showed 28S and 18S
rRNA band. L Kb DNA lagder, Lane Sl S4: Small intestine from rat 1-4,
Lane L1 - L4 L|ver from. rat L 4 /
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Figure 20: Total RNA extracted from smalljintestine and Jliver|of\negative
control group were fractioned on 1% agarose gel which| showed 28S and 18S
rRNA band. L: 1kb DNA ladder, LangpSd=S4: Small intestine from rat 1-4,
Lane L1-L4: Liver from rat 1-4. ‘
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Figure 21+ Total RNA extracted from small intestine and liver of positive
controkgroup avere fractiongd'eh 1% agarose gel, which showed 28S and 183
[fRNA) band. L: TKE DNA ladder, Lane S1-S4: small intestine from rat 1-4, Lane
L1-L4: liver from rat 1-4)'
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Figure 22: Total RNA extracted from small g g?\‘zp:ﬂm
treated group were fractioned on 1% agar 28S 18S

rRNA band. L: 1kb DNA ladder, Lan*il- : \ testine %51'0’1' rat 1-4,
v

Lane L1-L4: Liver from rat 1-4.

&

L S1 S2

Fig 23')1 otal/R tracth__,from small intestine and liver of goat milk
ione 1% agarose gel, which showed 28S and 18S
der, Lane S1-S4: Small intestine from rat 1-4,
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Figure 24: Total RNA extracted from smallfifitestine and liver gf date~palm
and goat milk treated group were fractioné@don 1% agarase gel, whichsshowed
28S and 18S rRNA band. L: 1kb DNA ladder, Lane S1-S4: Small intestine
from rat 1-4, Lane L1-L4: Liver from rat'\(4. '

4.5.3 Validation of reference gemé aha gene-ef iriferest pr_irﬁers

Primer pair specificity was tested i‘n-q‘P'CR. by-‘;éXamin-ir_.lg the melting curve
performed at the end of the reaction. .Th_e.single peak With no'-shouldering suggested the
specificity of primer annealin'g. Fi'gure‘25 -(A) and (B) 's:h;o'vved sharp melting profiles
were observed for hous¢keei)iﬁg gene,‘B-aCtih, and ri'b.o-somal protein S18. A similar
pattern was detected _fof allthe iron 'fnétabOIism:related genes (figure 25 (C) — (1)) in
which a single peak of respective t_e.n.1perature..was observed. The melt curve of genomic
DNA contamipation (GDC) (figure 25 :‘ (j)) displayed multiple individual peaks
indicating thatthe degrge Qf genomjc‘DNA contamination was too low to influence the
gene expression profiling. resulfs. fable 13 showed melting point (Tm) for respective

irgn‘metabolism-related gene primer.
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Table 13: Melting temperature (Tm) for respectiv:

Primer (gene) CCO.
B-actin ? : . Y:

Ribosomal protein S18

Divalent metal transporter 1 (DMTl%’

Duodenal cytochrome b reductasw
Ferroportin

Ferritin cq \T
Transferrin E Py

650 T0.0 750 80.0 850 200 850
Tm: 70.9
Temperature (°C)

Figure 25: The melting curve of housekeeping genes and ir
Clockwise from top left was melt curve for (A) B-actin,
(rps18), (C) divalent metal transporter 1 (DMT1), (D)
(Dcytb), (E) ferroportin, (F) ferritin, (G) transferrin,
hepcidin and (J) genomic DNA control (GDC).

Transferrin receptor (TfR)

Hepcidin
p \ L g
454 mRNA expres% e iron'met (')'I{smklated gene

&
gPCR Wa;Q:yed t\(]::}ﬁgate t%eXpression of iron metabolism-related
genes in IDA inﬂQ ts snpu% 'ted V('rﬁﬂiate palm and goat milk. The result was
¢

analysed usi AACT Meth {/h@ e mRNA level of iron metabolism-related
genes was normalised hou ;ping gene, expressed as the ratio of Gene of
InteQOI)/ Housekeeping @?(.HKG). In this study, Rps18 and B-Actin were used
as\h)usekeeping gene for the small intestine and liver, respectively. The data were
epresented as mean = S.E.M and data were analysed for significant using Analysis of

ariance (ANOVA), followed by Tukey Post-Hoc analysis using SPPS software

(Chicago, US) where p-value less than 0.05 was statistically significant.
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4.5.4.1 Divalent metal transporter (DMT1)

Divalent metal transporter (DMT1) is a membrane-bound solute carrle
that transports Fe?* across the apical membrane of enterocytes into the c@e 26
showed that after IDA induced rats were supplemented with date paI goat milk
for 4 weeks, no significant changes were seen in the Ievel of odenal DMT1
expression. A similar expression was also observed in the liver (fi 27). Overall, an
insignificant difference was observed across all groups reg %

f elbody iron status

both in the small intestine and liver.

(\v

The expression of DMT1 mRNA in
small intestine
14 -
1.2
Q
3 1-
o
o 0.8 -
oo
[y
® 06 -
(&)
© 04 -
o
" 02
O -
Normal Negatlve P05|t|ve DPGM
Figure 26: DMT1 exp intestine of IDA induced rat after
intervention with and goat |Ik rameters are presented as the ratio of

DMT1/Rps18. ta ese a _SE P: Date palm; GM: Goat milk; DPGM:
Date palm an i

89



The expression of DMT1 mRNA in liver Y'
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Figure 27: DMT1 mRNA expression in the Iiver@nduce{ra er‘innt%(g?ention
with date palm and goat milk. All parameters are ented s the fatio offDMT1/B-
Actin. Data represents mean + SEM. DP: Datw; GM.G iIk;@GM: Date
palm and goat milk. V u\ é

&

Fold Change (2-22%)
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4.5.4.2 Cytochrome b reductase (Dcytb)
Duodenal cytochrome b reductase (Dcytb) is an oxidoreductase that Ve!s

ferric iron (Fe®") to ferrous iron (Fe?*), before being transported into the s stine
through DMT1. Figure 28 showed that iron deprivation in negative coanignificantly

increased (p<0.05) Dcytb expression by 13-fold as compared to normal control. Date

>

palm and goat milk significantly decreased (p<0.05) duodena@wRNA levels as
compared to the negative control. A similar trend was a b rve1 in the positive
control group in which ferrous fumarate was given. No ificant di ‘was see
when intervention groups were compared to normal I. However, in ’he_\ﬁ%r, th
expression of Dcytb mRNA showed an insignifi ference r ess.Qf/YFon status

(figure 29). >
xq @ rfx‘{\

D

The expression of Dcytb mRNA in
small intestine

16 - a
14 -
5
3 12 1
g 10 .
&
c 8 1
e
o 6
o 4 b b b b
(@]
[N 2 |

o | mim M s sm W

Normal Negative Positive DP GM DPGM

) N
Figure 28: b DM‘T&M A em'%ssion in the small intestine of IDA induced rat
after i %with te ﬁalmﬁ’l’d goat milk. All parameters are presented as the
rati(;&cytb/Rpsl& Data aﬁgeSents mean + SEM. a and b indicate significant
differences (p<0.05) when co%red to the normal and negative control, respectively.

palm; GM: Goat milk; DPGM: Date palm and goat milk.
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The expression of Dcytb mRNA in liver
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Figure 29: Dcytb mRNA expression in the liver of mced rat a r;int%r &ftion
with date palm and goat milk. All parameters are ed as the ratio ‘)f 1/B-
Actin. Data represents mean + SEM. DP: Date palm; GMZ?O t milk; D : Date

palm and goat milk.
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4.5.4.3 Ferroportin

Ferroportin is a solute carrier protein, responsible for exporting iron w
bloodstream. Figure 30 showed that in the small intestine, rats kept on ar@flcn
diet showed a significant 1.5-fold increase (p<0.05) in ferroportin mmégxpression
when compared to normal control. Supplementation with date pa%n'd goat milk
significantly reduced (p<0.05) ferroportin level as compared omegative control.
Significant differences were also observed when all interve Y;pi were compared

to normal control (p<0.0). In the liver, although not signi t, fen OWNA level
L ]

was slightly upregulated (0.5-fold) in negative contr ompared 0 @trol.

The level of ferroportin was also indistinguishable. ot% tion.gﬁaps when
compared to the negative control (figure 31\, 0\ g

The expression of ferroportin mRNA in
small intestine

N
N (92} w
1 1 ]

Fold Change (2-25%)
[y
(6]

a,b
1 .
- .L
0 -
Normal Negatlve Positive DPGM
) N o .

Figure portl expre@m in the small intestine of IDA induced rat after
interv ith date p d milk. All parameters are presented as the ratio of

Ferr n/ psl8. Data rep s mean £ SEM. a and b indicate significant

g
(p<0 05) when compared to the normal and negative control, respectively.

palm GM: Goat milk; DPGM: Date palm and goat milk.
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The expression of ferroportin mRNA in liver
1.8
1.6
g 14 ?
<
& 12
g 1
S 0.8
e
© 06 -
©
© 04 -
[N
0.2 -
0 T T T T T T
Normal Negative Positive DP GM DPGM
Figure 31: Ferroportin mRNA expression in the ¢liver oﬁ I I cEd'ra,% er
intervention with date palm and goat milk. All para are prese a‘ tbé) io of
Ferroportin/B-Actin. Data represents mean £ S P: Dat‘g Im; M:,Q,Q t milk;
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4.5.4.4 Ferritin

Ferritin is an intracellular iron protein that stores and releases iron in a re?m
manner. It is triggered by the presence of iron. When required, iron is rele@o the
bloodstream through ferritin degradation by lysosomal or proteasomal ys. Based
on figure 32, a significant decrease (p<0.05) in ferritin mRNA in the small intestine was
observed in all intervention groups as compared to the normal M similar pattern
was seen in the liver (figure 33), in which all interventio t

haewed significant

declination (p<0.05) of ferritin mMRNA level as compare nor IWH showed

L 2
that iron was not retained in both the small intestine iver. ; l _\‘-}
The expression of ferritin mRNA in
small intestine
1.2 -
g 1-
<
<
N 0.8 -
(O]
206 -
©
S o4 - @ @ @
o : a a
= B s BB
0 i T ﬁ T T T T
Normal Negative Positive DP GM DPGM

oS _
in all intestine of IDA induced rat after
atimilksAll parameters are presented as the ratio of
a

7
Figure 32: Ferri A
interventi ith palm an
meap +/SEM. a indicates significant differences
aﬁdol. DP: Date palm; GM: Goat milk; DPGM:

on
Ferritin/Rps18 a represen
(p<0.05) pared to
Date pa% oat ilK.
N 5
NS N
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The expression of ferritin mRNA in liver
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Figure 33: Ferritin mRNA expression in rat’s liver
date palm and goat milk. All parameters are present
Data represents mean + SEM. a indicates si

compared to normal control. DP: Date palm; :
goat milk.

N
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4.5.4.5 Transferrin

Transferrin is a glycoprotein that binds to the circulating Fe®* preventingYBm
travelling throughout the body in its toxic form. Referring to figure 34, the @?&f rats
kept on a continuous low iron diet demonstrated a significant 9-fold i (p<0.05)
in duodenal transferrin mMRNA level when compared to normal control%All intervention
groups also showed a significant decrease (p<0.05) in mRNA transferrin level post-
intervention and showed significant as compared to the tl cortrol group. No

significant difference was seen between intervention ups nWI control.

"X
Meanwhile, in the liver, the expression of transferrin was signifi nlly Lﬁé@ased
(p<0.05) in negative control as compared to n ntrol Wi ncrem?ﬁt of 1.7-

icant d@;inces when

fold (figure 35). All intervention grou howed
&

compared to the negative control. \ O
e T XN\?)A

The expression of transferrin mMRNA in
small intestine

12 4 a

Fold Change (2-22C)
()]

b b b
2 .
ol mm M s o Em mm
Normal Negative Positive DP GM DPGM

i@ >
Fig@nsferrin MRNA ssion in the small intestine of IDA induced rat after
intervention with date palm arbgoat milk. All parameters are presented as the ratio of
Xrin/Rpsl& Data represents mean + SEM a and b indicate significant differences
) when compared to the normal and negative control, respectively. DP: Date

G%; GM: Goat milk; DPGM: Date palm and goat milk.
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The expression of transferrin mMRNA in liver
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Figure 35: Transferrin mRNA expression in thegliver of | I cEd'raH er
intervention with date palm and goat milk. All para are prese a‘ t io of

Transferrin/B-Actin. Data represents mean = SE indicates significant

e
(p<0.05) when compared to normal control. D palm; at
Date palm and goat milk.

Fold Change (2-22%)
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4.5.4.6 Transferrin receptor (TfR)

Transferrin receptor (TfR) is a cell surface receptor, that regulates the u
transferrin bound iron into the cell. Continuous iron deprivation significan@ased
duodenal TfR mRNA expression in negative control as compared toﬁ‘&al control
(figure 36). A significant reduction (p<0.05) in TR level was noticedetervention
groups post-intervention when compared to the negative controlWAIl intervention
groups also show significant differences (p<0.05) when co &:nrrmal control. A
similar trend was observed in TFR mRNA expression | liver w S|gn|f|cant

upregulation of 11.6-fold (p<0.05) was seen in negati ntrol as co ar}d _@)rmal

control (figure 37). Date palm and goa u on gﬁlflcantly
downregulate (p<0.05) TfR level by 10 ngeu?s pare the negative
control. No significant changes Were tween al ven@%roups and when
compared to normal control. >\y$ '\

6

The expression of transferrin receptor in
small intestine

j' g i ; s

\ Normal Negative Positive DPGM

N_ -

SN6 Transferrin receptor (TfR) mRNA expression in the small intestine of IDA

rat after intervention with date palm and goat milk. All parameters are

nted as the ratio of transferrin receptor /Rps18. Data represents mean + SEM. a

b indicate significant differences (p<0.05) when compared to the normal and

egative control, respectively. DP: Date palm; GM: Goat milk; DPGM: Date palm and

goat milk.
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The expression of transferrin receptor
MmRNA in liver
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4.5.4.7 Hepcidin

Hepcidin is the primary iron regulatory hormone, controlling iron home is.
According to figure 38, in the small intestine, hepcidin mRNA exp@;’s was
significantly reduced (p<0.05) in the negative control as compare e normal
control. A similar expression was seen in all intervention groups. There were also
significant differences when goat milk, combination date palm goat milk and
positive control group were compared to both the negative &g?m'p and date palm
group. Meanwhile, in the liver, the hepcidin mRNA level was igW): reduced
(p<0.05) in the negative control as compared to ormalf co ka@Y;Q).
Supplementation of date palm and goat milk in e ep\r&s' he@-i'n, where
a significant increase was seen in all inteerq@ roupf as mpareé[’ov:he negative

control (p<0.05). Positive control sh % highest idin@"te with a 3.8-fold

difference when compared to normﬁﬁtrol. \T ,<\
D76 S
b 7 Fq I

The expression of hepcidin mRNA in
small intestine
1.4 -
— 1.2 -
é a,b,c
a .
0 0.8
2 a,b,c a,b,c
S 0.6 a
S
E 0.4 n
2 02 - [

1 0 T T T T T T 1
Normal Negative Positive DP GM DPGM
A_ <
NS: Hepcidin mRNA expression in the small intestine of IDA induced rat after
Ei

ntion with date palm and goat milk. All parameters are presented as the ratio of

din/Rps18. Data represents mean = SEM. a, b, ¢ indicates significant differences

0.05) when compared to normal control, negative control, and date palm,
spectively. DP: Date palm; GM: Goat milk; DPGM: Date palm and goat milk.
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The expression of hepcidin mRNA in liver
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Figure 39: Hepcidin mRNA expression in the liver of
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Table 14: The mRNA expression of the iron metabolism-related gene in small intestir}a@r-intervention of date palm and goat milk

Fold Change (2) ™~ )
Gene . . N, Goat milk Date palm and goat
Normal control Negative control Positive control D%lem (DP) (GM) milk (DPGM)
DMT1 (Slcl1a2) 1.00 £ 0.20 0.88 +0.20 0.98 +0.30 +0.23 0.78 +0.29 0.77 £0.13
Dcytb (Cybrd1) 1.00+0.76 14.72 £ 0.622 1.39£0.29 Y-D .99+ 0.54° 1.09 +0.62° 1.49 +0.32°
Ferroportin (Slc40al) 1.00+0.10 2.52+0.34 0.14 + 0.25° 0.18+050*>  0.17+0.53*° 0.17 £0.51*°
Ferritin (Fth) 1.00 +0.07 0.10 + 0.072 0.19 + 0.19 + 0.10? 0.16 +0.11?
Transferrin (Tf) 1.00 £ 0.28 9.94 + 0.582 0.88 = 1.00 + 0.63° 0.92 +£0.16°
Transferrin receptor (TfR) 1.00 +£0.35 2.21+0.472 032t 0.31+0.622"° 0.41+0.272°
Hepcidin (Hamp) 1.00 £ 0.29 0.00 % 0.642 02 + sza 0.01 + 0.48? 0.02 + 0.74?
All parameters are presented as mean + SEM
a b within the same row indicates significant differences @f a red@ normal and negative control, respectively
Table 15: The mRNA expression of the iron metabolism; m @ter supplementation of date palm and goat milk.

~ p"ol‘d Q(ﬁ%mge (2-84cty

cene Normal control NegatlvVﬁrol ' P TI:/E @'\trol Date palm (DP) G(g'\%”k Da:siﬁf I(ns;gc:v%oat
DMT1 (Slc11a2) 1.00 + 0.20 13‘73) 6\ a'aQr 0.16 0.84 +0.10 0.82+0.17 0.82+0.13
Dcytb (Cybrd1) 1.00 +0.22 %.Ql 04 +0.13 0.91+0.13 0.89 +0.12 0.75 +0.10°
Ferroportin (Slc40al) 1.00+0.19 &54 +0.16 40 £ 0.09 1.36 + 0.09 1.39+0.11 1.43+0.11
Ferritin (Fth) 1.00 +0.20 } +0.22° | (,7(10.13 +0.22° 0.11 +0.30° 0.08 + 0.30° 0.15 + 0.20°
Transferrin (Tf) 1.00 + 0.04 T2+ (, 237+033 2.44 +0.26° 1.76 + 0.25? 2.00 £ 0.15°
Transferrin receptor (TfR) 1.00+0.6 36') 2@ 1.25+0.48° 1.96 + 0.26" 1.21+0.30° 1.46 + 0.30°
Hepcidin (Hamp) 1.00 +0.59 ga@" 4.81+0.432° 2.30 +0.26° 1.83+0.34° 2.54 +0.28"
All parameters are presented as + SEM

&b within the same row irg%ignificant differences (p<0.05) as compared to normal and negative control, respectively.
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4.6  Analysis of the expression of iron metabolism-related protein by IHC
Immunohistochemistry (IHC) was performed using primary rabbit pol I

antibodies with respective dilution. Rabbit specific HRP/DAB Detection I@tion

Kit Micro-polymer was used as the secondary antibody. Results wereﬁk&ed using

Olympus BX51 microscope and digital images were captured by @lympus C7070

camera using an image analyser, Olympus Analysis LS Rese Mlar localisation
;by

and staining intensity were examined and scored indepe 0 pathologists

Moderate expression, 4: Strong expression. Statist e's & lated
using the Mann-Whitney test and significant : Fojj;primary
antibody control, tissue was incubated withythe ,Y;ollowed by

incubation with secondary antibody Nﬁ@f his@’ﬁlrol was done in

each IHC cycle to ensure that staini@'ﬁpeciflc

antigen by primary antibody an he ngn-sp ific binding of the detection system

or the tissue specimen. Fi XSholv no tibody control in the small
intestine and liver tissuﬁ;clea neg ive stai .

———

|;re 40: No primary antibody control. Negative reactivity was observed in (A) small
Intestine and (B) liver tissue. Original magnification x40.
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4.6.1 Divalent metal transporter (DMT1)

Analysis of immunoreactivity of iron transport protein, DMT1 in th?ll
intestine of the rat was shown in figure 41. In normal control rats, DMT1 was ssed
within the enterocytes, with intense reactivity on the brush border‘ﬂNrane. No

staining was observed in the nuclei and adjacent goblet cells (figuref41 A). Similar

cellular localisation was observed in all other groups in which protein was
igure 4

retained within the brush border membrane of the villi 1 'B-F). Only the

0.05 inw intensity
@

when compared to the positive control. ' _\C}
Analysis of immunoreactivity of iron t protﬁ 1 injg liver of

rats was shown in Figure 41. In normal centrolliveryD prot%\vas localised

intracellularly with an approximatel%ﬁ)listributi rou@\ the cytoplasm.

Kupffer cell and sinusoid were un&S/e (figu\'i\*). K‘éﬁoups showed similar

S
heterogeneous expression of %\Nithﬁ the epatzzﬁs (figure 42 B-F). No
significant difference was Mbe a rou‘p§
U N

negative control group showed a significant difference

o

S
7A
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Figure 41: Immu&
the rat. (A) Normal calised in epithelium villi with stronger
immunoreactiyit rane (black arrowhead). No staining was

detected in 0 ad). (B) Negative control (C) Positive control
(D) Date i Im and goat milk. All groups showed similar
localisation,of'BMT in, All images were captured at the magnification of 40x.

\ &’
N
S
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iJaI lo Iisati@ DMTL protein in the liver of the rat.
al_contro was heterogeneous concerning DMT1
he atocyt pression was predominantly cytoplasmic,
o arrowhead). Kupffer cell stained negative (red

contro) (C 'Fg?ltlve control (D) Date Palm (E) Goat milk (F)

rou owed similar localisation of DMT1 protein. All

ga%matlon of 40x.
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4.6.2 Cytochrome b reductase (Dcytb)

In normal control small intestine, Dcytb was detected inside the ente?ﬂ!
with an even intracellular cytoplasmic distribution. Dcytb expression wa \lo be
concentrated on the brush border of enterocytes along the entire Iengﬂkvnll with
goblet cells stained negative (figure 43A). In negative control, stairmas localised
intracellularly within the enterocytes with an even cytoplasmic distribtion. Goblet cell

*z:

remains negative (figure 43B). Similar Dcytb distrib S rbserved in all

intervention groups, with staining localised within the en |gure 43).
In a normal healthy liver, Dcytb protein showe plasmic loc Idat&ﬁ}(nthm
the hepatocytes with negative staining in the I (fi 44A). In

both n@:zl.and Kupffer

ein @ detected weakly

the negative control, positive immunoreactmw detoite

cells (figure 44B). In positive contro\)te Dcytb

within the hepatocytes, showing si ceIIuIar %ti A@rh the normal control

group, with no reactivity in K II an9 sinuseid re@flgure 44C). Date palm

showed a similar pattern o tlo gatl trol liver, in which Kupffer
im J

cell and nuclei showen% :;rea}v't Dcytb protein (figure 44D). On

'3
the other hand, bot t m|Ik :i nati e palm and goat milk group showed
a similar patter tb n

W
reactivity in rcel and n Ie‘(ﬂ@}r 44E-F).

&L Mﬁ
'~ $

N

e normal control group, with negative
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Figure 43: Immug%) e 'Jal localisati
the rat. (A) NO% trol ved itainis calised along with the epithelial cell of

the villi (blac‘ar;j ead). No g g etected in the goblet cell (red arrowhead).
(B) Negative,control (C) Posit ntrol (D) Date Palm (E) Goat milk (F) Date palm
and goat groups sh Si localisation of Dcytb protein. All images were
capturedfatthe'magnificati 0f x40%
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Figure 44: Imm istoehe i!al localisati Dcytb protein in the liver of the rat.
(A) Normal control shewe even ic distribution of Dcytb protein within
the hepatocytes. erfcells a dclei wére stained negative. (B) Negative control
showed posi %ctivi in the cytoplasmic region, Kupffer cells (black arrowhead)
and nucl arrowhead ) itive control showed Dcytb was expressed
cytoplasmica i iVe rea y in nuclei and Kupffer cells. (D) Date palm

imilar expression as anative control with Kupffer cell and nuclei stained
E) Goat milk (F) D@élm and goat milk. All images were captured at the
ion of x40.
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4.6.3 Ferroportin

In normal control small intestine, ferroportin was found throughw
enterocytes along the villus axis. Ferroportin was distributed with an even@smlc
distribution but is concentrated at the basal membrane and immedi bove the
nucleus along the apical membrane (figure 45A). No staining was seemin the nuclei and
goblet cells. In the negative control, staining was localised intrac Iarly within the
enterocytes with intensity concentrated on both apical a ~§:e brane and to a
lesser extend along the lateral membrane of enterocytes (figure ')\Egd posmve

control group and all intervention groups, ferropo Xpression fo@ 0 be

cytoplasmically distributed within the villi epitheli |tr\ 'nuc@dgoblet

cells (figure 45). N {\T

In normal control liver, ferroportl resw |tederatocytes where
expression was found to be evenl p sml ng /E“found in Kupffer cells

(figure 46A). Similar trends erve psA ure 46).
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Figure 45: Im localisa of ferroportin protein in the small

intestine of the Nor trol s d ferroportin throughout the enterocyte

with high co ion fat th ZJI (red arrowhead) and basal membrane (yellow

arrowhead)«No ing was-detected in the goblet cell (black arrowhead). (B) Negative

control immunoreacti ng the epithelium villi on the apical (red

arrowh and basal ane_(yellow arrowhead) with weak expression on the
embrane

lateral (black box). (Q' ositive control (D) Date Palm (E) Goat milk (F)
Dat and goat milk. All »@

\ es were captured at the magnification of x40.
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ferroportin protein in the liver of the
cytoplasmic distribution of ferroportin

protein W|th| pat cytes t& unoreactivity on the Kupffer cell (black
arrowhead d (yello héa ) and nuclei (red arrowhead). (B) Negative
control. e co rol. Im (E) Goat milk (F) Date palm and goat milk.

All ima cap r ye ification of x40.

- R
§

Figure 46: Immu
rat. (A) Norm on Iex eS
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4.6.4 Transferrin receptor (TfR)

In normal control small intestine, TfR protein was expressed by the epwﬂm
cells of the crypts and the villi, with decreasing intensity when epithelial c@rated
apically toward the villus tip (figure 47Al). The reaction wa minantly
cytoplasmic, with no nuclear staining. No stain was observed in brush border
membrane of the villi (black arrowhead) and goblet cells (figure 47A2). In the negative
control, significantly higher (p<0.05) staining intensity wa mir' the enterocytes
as compared to normal control (figure 47B). Staininggintensity was s‘o evenly
er membr, ﬁls‘égi'ned
co% inte%&vretained

g inﬂenm decrn@‘}z}rom crypts

region to villus tip (figure 47C). No staiping }as observedson thé‘ﬂsh border region
asimi %n ﬁ'\h‘R protein localisation

of the villi. All intervention groups %sed
S
with normal control (figure 47 . o q <§)

%oc

distributed throughout the enterocytes with brush
positive. The goblet cell was stained negative.

similar expression to normal control witw

T within h@cytes, with even cytoplasmic

n K ff@r@s and the sinusoid region (figure

In normal control li
distribution. No stainir%zserved

3

e of expression was observed in all
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Figure 47: Immunohistochemical loc
the small intestine of the rat. (A) Nor

the epithelial cells of the crypts an

while epithelial cells migrated t
mucus-secreting goblet cells a
Negative control showed pro
on both the apical and b
membrane was also stai
goblet cells. (C) Positi

milk. All images were capt

I (
d at

| si 0
Ive (black a

te Palm’(
& fice of x40.

n_‘%_x

e
g

D

(TfR) protein in
expression within
intensity decreased
gureA1). No staining in the
k arrowhead in A2). (B)
villi with strong reactivity
ial villi. The brush border
B2). No staining in nuclei and
oat milk (F) Date palm and goat

116



3 ; o K A 4
sn __JY # w00 som Y

lisati ﬁTfR protein in the liver of the rat. (A)
Normal contr 0%1 ic distribution of TfR protein within the
hepatocytes vity e Kupffer cell (black arrowhead), sinusoid
(yellow argoWwhe i whead). (B) Negative control (C) Positive

control (B) i ) Date palm and goat milk. All images were
captur magnificationo

d
N

Figure 48: Imm
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Table 16: Semiquantitative analysis of immunoreactivity of iron-related proteiM\Rthe small intestine of IDA induced rats

supplemented with date palm and goat milk ACﬂ
Protein Normal control Negative control Positive control Date pa].n\’ Goat milk Date palm and
goat milk
DMT1 1.88 (2.00) 2.00 (2.00) 1.38 (1.25) 1.75 ( 2.00 (2.0) 1.88 (1.75)
Dcytb 1.63 (1.75) 2.00 (2.25) 1.50 (1.50) 2. 0) * 1.88 (1.75) 1.63 (1.50)
Ferroportin 2.00 (2.00) 1.50 (1.75) 2.00 (2.00) 1.00) 1.25 (1.25) * 1.13 (1.00) *
TR 1.75 (1.75) 2.75 (3.00) * 2.50 (2.75) (225) 2.25 (2.25) 1.88 (1.75)
The mean and median of each group is presented, mean (median) \p
* represent a value that is significantly different when compared togormal gontrel (5 <°0.05).
4\ O
s X

Table 17: Semiquantitative analysis of immunoreactivity of ironielat ein{'sz\tﬁe liver of IDA induced rats supplemented with

date palm and goat milk. ¢
Protein Normal control Negative control POSQ'KC a@alm Goat milk Date palm and
, \\‘ ) A goat milk
DMT1 1.13 (1.00) 0.63 (0.50) 88100 I 7.0:75 (0.50) 1.00 (1.00) 0.88 (1.00)
Dcytb 0.50 (0.50) 0.88 (0.50) (0.75) * 5 %, @.38 (1.50) * 1.38 (1.25) * 1.13 (1.00)
Ferroportin 0.50 (0.50) 0.75 (0.50) 88 (%j A‘*’ 0.88 (1.00) * 0.88 (0.75) 0.88 (1.00) *
TfR 0.88 (1.00) 1.13 (1.00) @ oo'( S 0.75 (0.75) 0.75 (0.75) 1.13 (1.25)

The mean and median of each group is presen@d\z\ean me gh N
* represent a value that is significantly diffenqt are% normal control (p < 0.05).
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