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Camel’s Milk Protects Against Aluminum Chloride-Ind uced Normocytic
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Abstract: Problem statement: Aluminum (Al) is an indifferent element from a tawiogical point of
view. In recent years, however, Al has been impiidain the pathogenesis of several clinical
disorders. One of the most frequently describedblpra in aluminum toxicity is anemia. The present
study was carried out to determine the effectiversfsCamel’s milk in alleviating the toxicity of
aluminum chloride (AIG) on certain hematological parameters, lipid petation and oxidative stress
enzyme in the RBC’s of white albino raspproach: Ten rats per group were divided into three
treatment groups: Group one were rats given nogakhe and served as control group, group two
were rats treated with 1 ml of Al£{0.5 mg k@' body weight) and named AlCireated rats, group 3
were rat treated with 1ml fresh camel’s milk 10 rbigfore the administration of AIg(0.5 mg kg*
body weight) and named Camel’'s milk and Al@eated rats. Rats were orally administered their
respective doses every day for 30 days. Evaluaticer® made for hematological parameters in the
blood and for lipid peroxidation and oxidative ssenzymes activities in the RBCResults: Results
obtained showed that oral Alreatment caused a significant decrease (p<OD&)tal erythrocytes
count, blood Hemoglobin (Hb), hematocrite (PCV) &=fum iron levels, where as the values of Mean
Corpuscular Volume (MCV), Mean Hemoglobin Concetidra (MHC), Mean Corpuscular
Hemoglobin Concentration (MCHC) and Total lon BimgliCapacity (TIBC) didn't change. Also oral
administration of AlC] induced free radicals and as a result caused apase the concentration of
Thiobarbituric Acid Reactive Substances (TBARS) aedreased activities of Superoxide Dismutase
(SOD) and Catalsae (CAT) in the RBCs homolysate @ital administration of Camel’'s milk before
the administration of AIG| alleviated it's toxic effect. Camel’s milk admstriation resulted in a
significant increase (p<0.05) in the in total ergitytes count, blood hemoglobin (Hb), hematocrite
(PCV) and Serum iron with No change in the valuésvi€V, MHC, MCHC and TIBC when
compared to AlGl treated rats. Camel’s milk reduced free radicatedpction and oxidative stress
status in the RBC’s noticed by the significant éased levels of TBARS and increased activities of
SOD and CAT when compared to AjGteated ratsConclusion: our data proved that there is an
alternation in the hematological parameters andosidant system in the red blood cells of rats
administered aluminum chloride orally, whereas aadiministration of Camel's milk prior the
administration of Aluminum chloride protects the tdood cell form toxic effect of aluminum.
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INTRODUCTION Aluminum is widely used in food additives and
toothpasté!. Aluminum compounds are widely used in
Aluminum (Al), the third most abundant element of medicine e.g., antacids, phosphate binders, buffere
the Earth's crust, is a nonessential and toxic Inieta aspirins, vaccines and allergen injectidfls In
human&!. Due to its abundance, every organism containgddition, aluminum is added to drinking water for
small quantities of aluminum and it can be found inpurification purposéS.
practically all of the tissues of mammals, incluglitne Aluminum has the potential to be toxic for humans
brain, liver, kidney, heart, blood and boRes and animals The human toxicological effects include
Particular sources of Aluminum include corn, encephalopatty), bone disea$®, Skeletal system
yellow cheese, salt, herbs, spices, tea, cosmatids disease’, Alzheimer's diseas®. And blood
Aluminum cooking utensils and containdts Also,  problem&?.
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The most frequently described blood problem inshowed that aluminum bound to serum transferrirdy an
aluminum toxicity is anemia. It is important to eapt the complex of aluminum-transferrin interacts witle
that this disorder was observed in patients aftdlyses same receptors as iron-transféffin this receptor-
when aluminum ions were present in dialysis fifid  mediated cellular uptake appears to be an important
also in the case of laboratory animals that werdactor in the uptake of aluminum by the tisstiés
administered solutions of aluminum salts orally, Several studies suggest that chronic exposure to
intraperitonally, or intravenoughy***¢! relatively high doses of aluminum can change iron

Aluminum has a direct effect on hematopofé8is metabolism in different animal spediéé®*!
Excess aluminum has been shown to induceHowever, the findings are not always in the same
anemid®**® Daijly injections of aluminum into rats direction. In fact, some studies have indicated a
produced severe anemia within 2-3 wé¥ksPrevious  reduction in iron in serum of rats exposed to Higrels
investigators proposed that Aluminum may causeof aluminuni*®*! whereas other investigators have
anemia through decreased heme synth®&ls  found no alterations or an increase in iron startsr
decreased globulin  synthesis and increase@xposure to aluminufii*?.
hemolysi§€®?Y. Patients with anemia from aluminum Consequently, data concerning the mechanism of
toxicity often have increased reticulocyte counts,Aluminum toxicity on hematological system and iron
decreased hemoglobin  concentration, decreaseahetabolism after administration of aluminum are
hematocrite value, decreased mean corpuscular woluntontradictory and seem to depend on the conditidns
and decreased mean corpuscular hemodt8bin toxicity, which refer mainly to different doses and

These toxic effects of aluminum on RBCS havedifferent routes of administration.
been suggested to be due to the generation ofiveact Most of experimental studies on aluminum toxicity
oxygen species and induction of oxidative stf@ss in an animal model have been preformed with the use
which results in the oxidative deterioration oflakelr  of this metal in a soluble folfd or with certain
lipids (through lipid peroxidation), proteins and metal*. However, in has been reported that in most of
DNAP22% 50, these toxic effects of aluminum appearstudies done to demonstrate the toxic effect of
to be mediated, at least in part, by free-radicalluminum chloride in animals, the chosen routeglof
generatiok**! Recent research shows that aluminumadministration (i.e., intraperitoneal, intravenoasd
may induce changes in the activity of a number ofparenteral) do not simulate the main route by which
antioxidative enzymes (xanthine oxidase, glutathion human population is exposed to Aluminum. There are
peroxidase, superoxide dismut&<e) two main routes by which aluminum enters the body:

Several studies have implicated lipid peroxidationPulmonary and oral. The bulk of inhaled contamisant
as one of the molecular mechanisms underlyingn the air are aluminosilicates. Although only aafim
aluminum toxicityin vitro andin vivo®2° A recent portion of aluminum is absorbed by the gastroiitiest
report suggests that aluminum can inducetract, oral intake represents the route with gstate
morphological and functional alterations in eryitiro toxicological implication$®. For this reason our
cells by a direct action on circulating erythrocjte, current study was carried out by oral administraid
suggesting membrane alterations due to lipidAluminum chloride.
peroxidation mechanisms. In line with this, aluntimu It was reported that the components of camel'k mil
decreases erythrocytic membrane fluiiity However,  is different from any other milk and play a majoterin
a casual link between hematological changes amd lip its therapeutic action. Camels milk is rich in rmade
peroxidation after exposure to aluminum is lacking such as potassium, zinc and magnesium and has high
the literature. concentrations of vitamin B2, C and&

Also, Aluminum may have a direct effect on iron In India, camel's milk is used therapeutically
metabolism; it influences absorption of iron viaeth against dropsy, jaundice, problems of the spleen,
intestine, it hinders iron's transport in the seramd it  tuberculosis, asthma, anemia, piles and dialiétes
displaces iron's binding to transferritig*. The major The conflicting data related to the basis of thed
forms of aluminum in blood circulation has beeneffects of orally low dose of aluminum chloride
reported to be in complex with transferring usingadministration on erythropoiesis and on iron
immuno-affinity chromatography and metabolism do not allow definitive conclusions. &ls
spectrophotometric titration techniqiis Transferrin  in our survey, we didn’t find any study dealt wite
is known primarily for its role in the transportdan therapeutic effect of Camel's milk against the bHect
cellular uptake of iron but is also the major serumof Aluminum chloride on blood of rats. Thereforeeth
binding protein for aluminufif=". previous studies aim of our study was to investigate a possiblegqmtte
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influence of Camel's milk treatment on somewere given orally by using special cavage needls R
hematological parameters, Iron metabolism, lipidreceived a single dose of the selected treatmesityev
peroxidation and antioxidant defense system in thelay and were treated as follows:

blood of rats treated with Aluminum. The following

parameters were determined in the blood to confirmgroup 1: were control rats received a single daily dose
anemia: Red Blood Cells count (RBCs), Hematocritepf normal saline orally.

value (Hct), Hemoglobin (Hb), blood indices, iron

concentr_ation, Total Iron Binding Capacit)_/ (TIBC). Group 2: were rats given a daily single dose of
TBARS in the RBC's was determined as an indicakor o4,minym chioride at a final concentration of 0.§ kgj™
lipid peroxidation status. Also, the following and name ALCh-treated rats

antioxidant enzymes activities were determinedhia t '
RBC's: Superoxide Dismutase (SOD) and Catalas

(CAT). %roup 3: were rats given a single dose of 1 mL

Camel's milk 10 min before the oral administratimi
Aluminum chloride with same concentration used in
MATERIALS AND METHODS group two and named Camel's milk-ALQkeated
group.
Preparing of Camel's milk Samples: Milk samples
were supplied every day early morning by farmeosifr  physiological and biochemical analysesAfter the
Abha region (Southeastern province of Saudi Arabia)treatment (24 h after the last administration), the
Milk was collected into sterile bottles and then animals were sacrificed by decapitation always betw
transported in cool boxes to our laboratory. Fasmerg:og and 10:00 am and fresh blood was immediately
collected the milk by hand milking. collected into heparinized test tubes for routine
hematological analysis. A second blood fraction was
Chemicals: Aluminum chloride chloride [AIGl x 6  collected without anticoagulant and centrifuged at
H,0] was purchased from Aldrich chemical Company5000 rpmfor 10 min and used for determination of iron
(USA). content and TIBC in serum. Some heparinized Blood
were used for preparation of homolysate for
Experimental design: Rats weighing between 230- determination of TBARS, SOD and CAT activities. The

250 g were supplied from the animal house at Ce”egfollowing hematological parameters were determiimed
of Medicine at King Khalid University. The rats weer the plasma:  Erythrocytes were counted on
divided into 10 rats/cage, the rats were housquldstic =~ neémocytometer using a light microscope at 40x10
cages at a temperature regulated (22°C) and hymidifhagnification. Blood samples were diluted to 200ets
(55%) controlled room with a 12 h light/12 h dasicle. by physiological saline (0.9% sodium chloride sioin}
A water and standard pellet diet were availabt before counting. Hematocrite value were determimgd
libitum throughout the experimental period. the method of Strumiaet al %2, The hemoglobin
For determination of daily orally aluminum concentration — was  determined by  the
chloride dose we followed the guidelines of drugcyanmethemoglobin methdl. Mean Corpuscular
institute in which they recommend that the druglispp ~ Volume (MCV), Mean Hemoglobin Concentration
to rodents must be 4 to 10 folds of daily human(MHC) and Mean Corpuscular ~Hemoglobin
intakd*®. In reference to FAO/WHO expert committee Concentration (MCHC) were calculated in accordance
on food additives, they reported that the dailahetof  With the models given by WintroBé. iron and TIBC
aluminum in adult human is 6-14 mg/70Rg", which  in serum were determined using cell using Commkrcia
gives a daily intake of aluminum ranges between_availabl_e kits (human), according to manufacture's
0.0857-0.2 mg Kd. In our experiment the daily dose of Instruction.
aluminum chloride given to rats was 0.5 mg‘kghich
exceeded 6 folds of minimal dose and 2.8 fold ofPreparation of hemolysate: After collecting blood
maximal dose on average of 4 fold the daily aluminu samples in heparinized tubes, centrifugation was
intake in human. performed at 1000 g for 15 min to remove the buffy
Rats were divided into three group each of teg, rat coat. The packed cells obtained at the bottom were
all treatments were carried out for 30 days andg/ thewashed thrice with phosphate buffer saline (0.9%INa
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in 0.01 M phosphate buffer, pH 7.4). A known amountTable 1: Red Blood Cells (RBC's) count, Hematoc(let) value

. . and Hemoglobin (Hb) concentration in the blood ofitcol
of erythrocytes was Iysed with hypotonlc phosphate rats, aluminum treated-rats and Camel's milk aochadum

buffer. The hemolysate was obtained after remotlieg treated rats

cell debris by centrifugation at 3000 g for 15 maind  Parameters Control Algl AICIz+milk

used for determination of reduced glutathione kevel RBC's (X16 mn) 7.02#0.089  4.89+0.284*  7.25+0.093*
Hematocrite (%) 57.7610.856 37.680.633* 58.40+0%3
Hemoglobin (g dI) 16.73+0.335  9.78+0.509* 16.7820.944*

Measurement of TBARS levels SDO and CAT oy ) 82.20+0.85 77.10¢0.56  80.46%0.63

activity: Superoxide dismutase activity in the red bloodmcH (pg) 23.83+094 20.01+1.1 23.12+0.98

cells homolysate was measured by using commercialHCH (g dL™) 28.97#1.1  2597+0.88  28.97+1.3

kits (Biovision, K335-100). The activity was expsed  Values are given as mean + SD for groups of sbmats each.
as U mL? Values are statistically significant at *p<0.05.d@@um treated rats

. . were compared with control rats; Camel's milk cadmireated rats
Catalase Activity (CAT) in the red blood cells e compared with Cadmium treated rats

homolysate was determined by using commercial kit
(biovision K773-100. Cat activity was expressed asrable 2: Iron and TIBC levels in the serum of cohtats, Aluminum

U/ml. One unit of catalase is the amount of catlas treated-rats and camel's milk and cadmium treatsd r

decomposes 1.@mol of H,0, per min at pH 4.5 at Parameters Control Al AlCls+ milk

25°C.) Iron 291.6+5.41 202.1+4.44* 287.00+2.87*
TIBC 607.0+8.78 602.0+5.94 605+ 6.18

The concentration of Thiobarbituric Acid Reactive . —

. Values are given as mean + SD for groups of sbmafts each.
SUbStanceS (TBARS) in the RBCs homol_ysate Wa¥alues are statistically significant at *p<0.05.d@@um treated rats
determined by the method of OkhdWa In brief, the  were compared with control rats; Camel's milk Cagmireated rats
reaction mixture contained 0.1 mL of hom0|ysate were compared with Cad_mium treated rats. Fe coratésri and
0.2 mL of sodium dodecy! sulfate, 1.5 mL of aceiigd ~ T'BC are expressed as ugdL
and 1.5 mL of aqueous solution of thiobarbiturieddac L
Th H of 20% ti id diusted with 1 MTabIe 3: TBARS levels and SDO and CAT activitieshie RBC's of

eprno 0 acelic acld was pre-adjusted wi control rats, Aluminum treated-rats and Camel'sknaihd

NaOH to 3.5. The mixture was made up to 4 mL with aluminum treated rats

distilled water and heated at 95°C for 1 h, in gewa Parameters Control Algl AIC!z+milk
bath. After cooling, 1 mL of distilled water andd. of SOD (U mLY) 8.37+0.25  2.22+0.16* 8.110+0.28*
mixture of n-butanol and pyridine (15:1) were added CAT (UmL™) 94.40£2.3  57.0£3.7* 95.10+4.05*

. . . -1
and mixture was shaken vigorously on a vortex mixer TBARS (MM mL?)  28.20+2.10 31.3+1.01*  27.36+065*

; Values are given as mean = SD for groups of sibmals each.
The absorbance of the upper organic Iayer was aead Values are statistically significant at *p<0.05.d@@aum treated rats

1
532 nm. The values were expressed as mM mL were compared with control rats; Camel's milk Cagmireated rats
were compared with Cadmium treated rats

Statistical analysis:Data are expressed as mea8D.
Student's t-test was used to determine the diféeren The levels of serum Iron and TIBC are presented in
between groups. Statistical significance was camsidl Table 2. There was a significant decrease in thelde
at p<0.05. of iron in the rats treated with aluminum chloride.
Administration of camel's milk into rats before the
RESULTS administration of aluminum chloride caused a
significant increase in the levels of serum irohB@
Table 1 shows the results of total RBC's countevels didn’t change in all treated group.
hemoglobin concentration (Hb), Hematocrite value  Table 3 shows the activity of Superoxide
(PCV) and red blood cell indices (MCV, MCH and Dismutase (SOD) and Catalase (CAT) as well as
MCHC) in all groups of rat. Rats administered Thiobarbituric Acid Reactive Substances (TBARS)
Aluminum chloride orally showed decreased values ofoncentration in RBC's of all groups of rats. Alaomin
erythrocyte counts, hemoglobin and hematocrite, bughloride treated-rats showed a significant decréase
the levels of MCV, MCH and MCHC didn’t change the activity of these enzymes (SOD and CAT) and a
when compared to rats received normal saline orallysignificant increase in the level of TBARS. Ratsated
On other hand oral administration of Camel's milkwith Camel's milk and aluminum chloride showed a
before the administration of aluminum chloride &tsr ~ significant increase in the activity of SOD and CAS
significantly increased these parameters to theiwell as a significant decrease in the levels TBARS
normal levels when compared to rats administeredhe RBC's of the treated rats when compared to
cadmium only. cadmium treated rats.
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DISCUSSION Aluminum can interact with iron
metabolist**414262 and jron depletion may occur
The present results show hematologicalafter aluminum intoxicatidf#®*.  There are
modifications associated with orally administeredcontradictory data in literature about transferrin
aluminum chloride in rats and show the reversiblesaturation after Al exposure. Some studies have
effect of Camel's milk on these modifications. reported that Aluminum intoxication decreases the
Several lines of evidence have confirmed the facpercentage of transferrin saturation (15). Furtloeen
that aluminum can induce anefid®>'®®*! It is  iron seems to influence the transferrin bindingAbby
essential to evaluate the level of anemia by thdowering the affinity of transferrin for Aluminufiy.
following measurements: RBC's count hemoglobinConversely, Vittoriet al.*Y did not observe changes in
concentration, hematocrite and red blood cell ieglic plasma iron concentration, TIBC or transferrin
(MCV, MCH and MCHC). saturation in rats chronically exposed to Al, ailtgb
In aluminum chloride oral administered rats, aanemia signs were observed in these animals. In our
reduction in erythrocyte count, haemoglobin levaaisl  study, the oral exposure to Aluminum chloride
hematocrite values were observed which is indecreased serum iron but TIBC (the amount of Fe3+
agreement with Vittori et al.®”? and other needed to fully saturate plasma transferrin) did no
author§®1%18% \who found similar effect following change after aluminum treatment. It would be
aluminum administration with different routs. Vatuef = speculated that Aluminum is present at transferring
Mean Corpuscular Volume (MCV), Mean Corpuscularsites in iron-deficient (Al-exposed) rats.
Hemoglobin (MCH) and Mean Corpuscular Previous research has indicated that oxidative
Hemoglobin Concentration (MCHC) were not affectedstress has an important role in aluminum tox{gity".
by Aluminum chloride indicating that, in our Inagreement with this is the hypothesis by J&$ithat
experimental rats, the rats developed normocytid analuminum interferes with iron ions, particularly ttwvi
normocromic anemia. trivalent iron ions which participate in oxidoredion.
The reduction in RBC's, hematocrite value indicateThis results in increased production of free radica
to possible hemolytic effect of aluminum chloride. Kong et al.®” proposed that aluminum builds a
Hemolytic activity of this element is due to chasdge complex with Q.
cell membrane of red blood cells. It has been tegor In this study, oral administration of aluminum
that in the presence of Aluminum ions, humanchloride produced a significant increase in TBARS i
erythrocytes lost their typical biconcave shapening  the RBC's suggesting increased lipid peroxidatiom a
into acanthocytes and stomatoc§{fésAluminum, like  result of generation of free radicals, TBARS hasrbe
other xenobiotics, generates free radicals andtiveac associated with reduction of membrane fluitifyThe
oxygen species in cells, which cause fatty acidpresence of such changes suggests that the altesati
superoxides and oxidation of cellular membraneon erythrocyte parameters in this group are duanto
proteins, which leads to reduction of membranalftyi  enhanced intravascular hemolysis as a result of
and in consequence to damage of cellular membBfane oxidative stress and lipid peroxidation in the
Also, It has been reported that aluminum intoxaati circulating erythrocytes. Our result are in agreeme
lead to a decrease in activity of membrane ATPards with Vittori et al.™ who reported that aluminum
in effect to cellular accumulation of adenylateslda  exposure can induce alterations of erythroid dejylsa
reduce rate of ATP: ADP converting. This lead todirect action on circulating erythrocytes suggestin
diminish of energy essential to maintenance ofmembrane alterations due to lipid peroxidation. Our
membrane integrity and to red blood cells dysfumrcti result is the first one that shows an increasééndvels
and so haemolysi&*’. of TBARS in Aluminum chloride intoxicated rats.
The reduced level of hemoglobin can be associated Maintenance of normal cellular functions in the
with hemolysis or disturbances in heme biosynthasis presence of oxygen largely depends on the effigiefc
a result of inhibit linking of iron with heme andog in  the defense mechanisms against free-radical meldiate
activity of enzymes taking part in heme biosynthesi oxidative stress. To prevent biological macromolesu
mainly dehydratase of delta-aminolevulonic acidfrom oxidative damage, antioxidant enzymes are
(ALA-D) B32596% gi50 Gancheet al.® reported that considered to be the first line of cellular deferike
aluminum treatment in rat hinderes hemoglobinmost common antioxidant enzymes in the biological
synthesis and erythroid cell maturation. systems are SOD and CAT. Our results indicate that
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erythrocyte catalase activity is significantly lavie the ~ C and E°. Thus helping our bodies in cell protection
aluminum-exposed group. Meraal.® had a similar ~against free radicals.

finding of reduced catalase activity in subjectshwi Also, it has been reported that Vitamin E enhances
increased amounts of free radicals during an iitens the levels of reduced glutathidfié Recent study
physical strain. This inhibition in CAT activity ol be ~ Showed th%t magnesium is essential for synthesis of
a result of the oxidation of catalase sulfhydrdge®’® ~ glutathion€” and this may gives an idea about

or due to decrease synthesis. increased glutathione levels and in rats treateth wi
Previous reports on SOD activity and aluminum¢@mels milk. _ _
exposure are controversial. Shainkin Kestenbeah!™! Zn is an essential element required for many

and Hasanoglet al.™ reported significantly decreased €Nzymes in our biological system. Zinc is very
SOD activity in erythrocytes of haemodialysed pate important in DNA replication, protein synthesis aall
but Abd-Elghaffaret al” reported decreased brain division””!. Recent studies showed a relationship
SOD activity in rabbits exposed to aluminum chlerid Petween antioxidant enzymes and zinc |é(}’§i§, One
In contrast, an othén vitro study™ reports unchanged Study has shown that Zn deficiency in the diet peihe

SOD activity. Our study show a significant decremse W&y for cell damage in the rat teffis It has been
erythrocyte SOD activity in rats exposed to aluminu ePorted that zinc deficiency resulted in increakeid
chloride. peroxidation in various rats tisstfég*,

Camel's milk oral administration 10 min before the _Finally, we made a similar study to investigate th
administration of aluminum chloride in resulted an role of camel's milk in preventing the oxidativeess
reverse action of aluminum chloride, it maintaintae ~ Produced by oral administration of cadmium chloride

above altered hematological parameters within theifd we found similar finding to our current stiidy

normal levels. Camel's milk protect the rats from CONCLUSION
anemia induced by aluminum chloride; in rats treate
with 1 ml camel's milk with aluminum chloride orgall Our results showed that oral administration of

a significant increase in the RBC's count, hemadglob aluminum chloride into rats caused a marked
hematocrite and iron serum levels were shown whealternation in hematological parameters such as
compared to rats administered aluminum chloridg.onl decreased total erythrocytes count, decrease
Also, oral administration of camel's milk resulteda  hemoglobin and hematocrite values and decreased
significant decrease in the levels of TBARS and arserum iron levels. Also aluminum chloride led to
increase in the enzymatic components of oxidativéncrease lipid peroxidation and oxidative stresghe
system: SOD and CAT in the RBC's, when compared teats. Whereas the oral administration of Camel' mi
rats received aluminum chloride only. prior the administration of aluminum chloride prite
According to our result, it could be concluded aed the erythrocytes from aluminum chloride induced
protective effect of Camel's milk against aluminumoxidative damage and lipid peroxidation and
chloride induced toxicity in the red blood cellsrats.  maintained the mentioned hematological parameters
Camel's milk reduced the risk of anemia and oxi#@ati within their normal levels.
stress in the erythrocytes of rats. Such effeciccbe

due to a possible chelating effect of aluminum Gtk ACKNOWLEDGMENT
but further studies are required.
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including Vitamin C and E which considered potentfrom the department of physiology at medical caleg
antioxidants that help in preventing tissue damag®f King Khalid university for his contribution toh¢
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may play a major role in the protective effect of performing the biochemical measurements.
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