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A comparison between tocopherol and tocotrienol effects
on gastric parametersin rats exposed to stress
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Rats exposed to stress developed various changfes gastrointestinal tract and hormones. The ptegady
was designed to compare the impact of tocopherdl tanotrienol on changes that influence gastric and
hormonal parameters important in maintaining gastnucosal integrity in rats exposed to restraimesstr
These include gastric acidity, gastric tissue eonbf parameters such as malondialdehyde, prestdigl &
(PGE), serum levels of gastrin and glucagon-like peptide-1 (GL)P Sixty male Sprague-Dawley rats (200-
2509) were randomly divided into three equal sigealips, a control group which received a normaliet
(RC) and two treatment groups each receiving a vitagficient diet with oral supplementation of eithe
tocopherol (TF) or tocotrienol (TT) at 60mg/kg boagight. Blood samples were taken from half the bem
of rats (non-stressed group) after a treatmenbgef 28 days before they were killed. The renmgjrhialf was
subjected to experimental restraint-stress, at @shdaily for 4 consecutive days (stressed groups)the
fourth day, blood samples were taken and the rétsdk The findings showed that the gastric acid
concentration and serum gastrin level in stresatwere significantlyR<0.05) reduced compared to the non-
stressed rats in the control and TF groups. Howehe gastric acidity and gastrin levels in the@réup were
comparable in stressed and non-stressed rats. e Timengs suggest that tocotrienol is able to @res the
gastric acidity and serum gastrin level which aseally altered in stressed conditions. The pP&Gfatent and
the plasma GLP-1 level were, however, comparabidl istressed and non-stressed groups indicatatgliese
parameters were not altered in stress and thatesupptation with TF or TT had no effect on the gaf®GE
content or the GLP-1 level. The malondialdehydejralicator of lipid peroxidation was higher frorasiric
tissues in the stressed groups compared to thetnessed groups. These findings implicated tiest fadicals
may play a role in the development of gastric jir stress and supplementation with either TF dnilas
able to reduce the lipid peroxidation levels coregaio the control rats. We conclude that bothpbeool and
tocotrienol are comparable in their gastroprotectibility against damage by free radicals generatestress
conditions, but only tocotrienol has the abilityhtock the stress-induced changes in the gastiditaand
gastrin level.
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Introduction Vitamin E, a naturally occurring antioxidarg,found in

It has, for many centuries been known that all igfas abundance in the environment. It is an essertaddluble
survive by maintaining balance with its environmenvitamin and is considered a generic name describing
Stress is a condition that can affect this balaraklead to activities of two of its derivatives, tocopheroldatoco-
various pathological changes. Stress in ratsbeasimply trienol!® The two derivatives share a common general
and reliably produced by the restraint modelThe effects structure, an aromatic chromanol head and 16-catdibn

of such a model on stress include changes in tB&aga The amount of methyl substitute in the chromanolleus
intestinal tract. In the gastric microenvironmemfcrucial varies among the isomers (alpha, beta, gamma dra).de
balance between the aggressive and defensive daidorTocopherol has a saturated hydrocarbon side chagmesh
required to maintain the integrity of the gastriaansa’® tocotrienol possesses three unsaturated carbonschai

An imbalance of these factors lead to pathologit@nges
or injury to the gastric mucosa.

Free radicals had been implicated as a contaose of
injury to the gastric mucosa due to a variety ofrag in-
cluding alcohol® non-steroidal anti-inflammatory drugsCorrespondence address: Nur Azlina Mohd Fahami, (MF),
(NSAIDs)™ and stres&2°213 Agents with ability to cata- Eegartment O&Prarmac}glogl]y,LFaculty RII hllledipinei\lersiti

. : P ebangsaan Malaysia, Kuala Lumpur, iMalaysia.
lytically reduce free radicals or act as an andexi had TeI203?40 405507/%/281; P y

been shown to effectively protect the gastric mecog_ .- nazlina@medic.ukm.my

against a variety of noxious stimdti*?*41° Accepted 38 June 2005
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It was postulated that tocotrienols are moreifeddind  Measurement of serum gastrin level

less restricted in their interactions with lipiddieals in  Blood taken immediately after the last exposure to
the membrane than tocophetbl.The biological acti- restraint stress was cooled in an ice-bath andavatioto
vity of vitamin E is believed to be due to its axidant clot. Serum was separated by centrifugation a0f§@t
action to inhibit lipid peroxidation in biologicahem-  4°C. Gastrin level was measured using an RIA kit
branes by scavenging the peroxyl chain reactiondi&  (M13101, IBL Hamburg).

have shown that tocotrienols are more potent aickions

compared to tocopheral$. The current study compares Measurement of plasma glucagon-like peptide 1 level

the effect of tocopherol and tocotrienol on pararethat  Plasma was collected immediately before the rate we
are involved in maintaining gastric mucosal intggin  killed. Dipeptidyl peptidase inhibitor (DPP-IV: EC

rats exposed to acute repetitive stress. 3.4.14.5 LINCO Research, Inc USA) was immediately
added to the collected sample to prevent degradatio
Material and methods Glucagon-like peptide-1 (GLP-1) by dipeptidly pejaise

Rats used for this study were kept on a regulantidgy enzyme. Glucagon-like peptide 1 was then extracted
cycle, with natural light for a period of 10 ho{¥00 to  from the plasma samples and assay using a RIA kit
1700h). Throughout the feeding period all rats weabi-  (GLP1T-36HK LINCO Research, Inc USA).
tuated to handling to reduce stress-related diahobs.
The rats were housed in large cages with wire-meshleasurement of gastric malondialdehyde content
bottoms to prevent coprophagy. Food and water weréhe conten@ of ma_londialdehyde (MDA). in the stomach
given ad libitum throughout the experiment. Alleth Was determined using the method described by Ledmozy
experiment protocols were approved by the AnimaieCa €t al.”” A sample of 0.5ml was acidified with 2.5ml of
and Use Committee of the Faculty of Medicine, Nadio 1.22mol/L trichloroacetic acid in 0.6mol/L HCI. The
University of Malaysia dpproval number: FAR/2000/ mixture was left to stand for 15 minutes. Afteistlime,
NAFEEZA/30-NOVEMBER/031). 1.5ml of 0.6% thiobarbituric acid in 0.05 mol NaQ¥as
Sixty male Sorague-Dawley rats weighing approxi- added. The sample was then incubated in 4Q.0¢ater
mately 200-250g were purchased from the Universit)bath.for 30 minutes. Subsequently it was cooledeun
Breeding Center (UKM, Kuala Lumpur) and divided into funning tap water and 4ml ofbutanol was added. After
three equally sized groups. The control rats wéveng thorough mixing, the mixture was centrifuged for @
normal chow while the treated group was fed a vitaln ~ Nutes at 1500xg. The absorbency of the upper phase
deficient diet (VED) with oral supplementation dfher ~ réad at 535mn. The gastric tissue content wasr-dete
a-tocopherol or tocotrienol at 60mg/kg body weigbt f Mined by the Lownet al.,(1951) method and MDA was
28 days. At the end of the treatment periodyésfrom  €xpressed in terms of gram protéin.
each group were killed. The remaining rats wereosgd
to restraint-stress. Stress-induced changes ingéséric
acid concentration, serum gastrin level, plasmeacaylu , ; :
gons-like peptide 1, gastric malondialdehyde and- pr done using the method previously described by Redfe

21 . .
staglandin Econtent were measured in all rats with or@-~ Prostaglandin £ was measured using Enzyme
without exposure to stress. All measurements wleree ~ /MMuno Assay (EIA) kit (RPA 530, IBL Hamburg).

immediately after the rats were killed.

Measurement of gastric prostaglandin E, content
Sample preparation for prostaglandi(BGE) assay was

Statistics

Results are expressed as mea8EM. Statistical signi-

ficance P<0.05) was determined by ANOVA or student’s

%—\Eest for parametric analysis and Kruskal Wallis o
ilcoxon Signed Test for non-parametric analysis nehe

appropriate.

Restraint-stress

Rats were restrained by placing them in individulaktic
restrainers measuring approximately 12 x 5 cm for
hours daily for 4 consecutive days. Following the r
straining procedure on the fourth day, blood wa®na
and the rats were killed. The gastric acid wasectdid

and the acid concentration was measured immediately Results

Comparison between tocopherol and tocotrienol on

M rement of gastric acid concentration gastric acid concentration in rats exposed restraint

The junctions between the stomach—-esophagus anﬁ]ess

e effect of restraint-stress on gastric acid cotragon
duodenum-pylorus were secured before the stomash wa . :
) e . : in rats was obtained by the comparison of the amonce
isolated. Then 3 ml of distilled water was introdd into

tration of H between the stressed and non-stressed rats in
i}ﬁe study group. As shown in Figure 1, there w8%
reduction P=0.012) in the concentration of kh stressed
rats in the tocopherol group compared to the nmssed

rats in the same group, these findings were sintlahe
control group. Stressed rats that received suppiem
tation of tocotrienol, however, did not show anwiehe in

the gastric acid concentration compared to its non-
stressed group. The findings suggest that supplemen
tation with tocotrienol and not tocopherol canchk the

gastric juice was then collected and centrifuged 10
minutes at 3000rpm. The supernatant was then t@hken
diluted 10 times. Following this, a few drops dfepol-
phthalein was added to the solution. Titration Wese
using 0.01M solution until the color of the testution
changed to light pink indicating pH 7.0. The vokimof
sodium hydroxide (NaOH) needed for titration wasdis
in the calculation to derive the hydrogen ion cance
tration according to the method described by Shay.'®
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Figure 1. Comparison between tocopherol and tocotrienol astriz acid concentration in rats exposed
to restraint-stress. Mean gastric acid concentratibh or without exposure to restraint-stressonteol,
tocopherol and tocotrienol supplemented rats. Bfie letters between bars indicate significant
difference P<0.05).

changes in the gastric acidity induced by strese ThComparison between tocopherol and tocotrienol on
gastric acid concentration in non-stressed ratsh witgastric MDA content in rats exposed restraint stress
supplemental tocotrienol was significantB=0.02) lower ~ When the effect of tocopherol and tocotrienol ostga
compared to the non-stressed tocopherol group. ThiSIDA content are compared, no significant difference
suggests the possible ability of tocotrienol tou®# (P>0.05) was observed between the two vitamin E
gastric acidity under normal conditions. supplemented groups in both non-stressed and etress
) ) rats. However, stress does cause an increase gafiric
Comparison between tocopherol and tocotrienol on VDA level, suggesting that lipid peroxidation meeiz

serum gastrin levelsin rats exposed restraint stress by free radicals may play a part in stress indugastric
Exposure to restraint stress two hours a day faréon-  jqiries. The gastric MDA content increased 26.3%

secutive days resulted in a significant reductiosérum (P=0.0007) in the control stressed group, 15.1%
gastrin level by 40%R=01.02) in the control group and (p=p.0177) in the tocopherol stressed group and 20.4%
38.1% £=0.009) in the tocopherol supplemented groupyp=0.0245) in tocotrienol stressed group compared to
as shown in Figure 2. Similar to results of thedac thejr respective non-stressed groups. Howeverplstp
concentration, the serum gastrin level in rats B4pp mentation of both tocopherol and tocotrienol wake ab
mented with tocotrienol had comparable gastrinlleith  yeqyce the increased MDA level compared to therobnt

or without exposure to restraint stress. The gatrel by 13.1% P=0.031) and 13%R=0.042) respectively.
was 38% P=0021) and 28.6%P&0.005) higher in the

tocotrienol group compared to the control rats &a$  Comparison between tocopherol and tocotrienol on

supplemented with tocopherol respectively with expe  gastric PGE, content in rats exposed restraint stress

to stress. The findings suggest that tocotrienppmen-  The mean gastric PGEontent in all groups studied was

tation and not tocopherol can maintain a normatrgies not significantly different>0.05), as shown in Figure 4.

level in stress conditions. The findings suggests that stress does not alteyahtic
PGE content and supplementation with tocopherol or

Comparison  between tocopherol and tocotrienol on  tocotrienol does not increase the gastric PG&htent in
plasma GLP-1 levelsin rats exposed restraint stress normal non-stressed rats.

Another hormone that maybe altered during stress is

GLP-1. It has been shown that GLP-1 plays a pdddd  pjgcssion

. . . b 3

intake regulation and gastric emptyiffg: Our study  The current study showed that tocotrienol caused a
showed that GLP-1 level was not altered in stre$®re/  oqyction in the gastric acid concentration in ratt
there was no significant difference in the plasm::PG exposed to stress, which suggests that it may lave
level between the non-stressed and stressed gouals  antisecretory effect. The study by Moutairy and qari
given supplementatlpn of tocppherol or tocotrienol. 5150 showed that a single large dose (300mg/kgy-of
There was also no differences in levels betweenwioe tocopherol caused a reduction in gastric acid searein

vitamin E supplemented groups, as shown in Figure 3. \onstressed rats. Based on these findings ptiogpsed
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mented rats. Different letters between bars
indicate significant differencd>&0.05).
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that one of the protective effects by vitamin E aghi antisecretory effect; however a similar dose of g
gastric injury could be through its antisecretampdtion.  body weight of tocotrienol exerts a significant iant
The main difference in the findings from Moutairydan secretory effect at normal conditions. The findings
Tarig® and this study is the dose of tocopherol used. IBuggest a better or a more potent antisecretosctetf
their study a single large acute dosenetbcopherol can tocotrienol compared to tocopherol.

exert antisecretory effects compared to the lowedafs The mechanism by which vitamin E exerts thigaf
60mg/kg bodyweight in our study. It is possibl@ttia  remains unclear and alludes further explorationislt
larger dose ofa-tocopherol is needed to produce its known that gastric acid secretion is a calciwpehdent
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Figure 5. Comparison between tocopherol and tocotrienolrigaB®®GE content in rats exposed to
restraint-stress. Mean P@Rmith or without exposure to restraint-stress stri@scontrol, tocopherol
and tocotrienol supplemented rats. No significafié@nces were observed.

process. Intravenous or intragastric calcium admir  stress completely it is definitely advantageoushéwe
tion causes a significant increase in acid seerétizhile ~ drugs or more favorably a food supplement suctoes-t
verapamil, a calcium-channel blocker, had been shtow trienol that can block undesirable responses &sstrlt is
reduce calcium stimulated gastric acid secretionVita-  still unclear how tocotrienol can block the changethe

min E had been shown to reduced calcium influx acrosgastric acidity due to stress. It is however passihat it
cell membranég, thus the antisecretory effect of vitamin prevents damage to the acid secreting cells bypimgp
E could be attributed to its effect on the influxoaicium, free radicals or possib|y by maintaining a normialod

which overall effect causes a calcium dependenttow fiow to the gastric mucosa.

acid secretion. Previous studies had shown that the mechanisms
The current s_tudy also shows that normalaatsrats  jnvolved in gastric protection are induced by tlzne
supplemented with tocopherol and exposed to a€ile-r  factors that increase the gastric acidfty For example,
titive stress had a lower gastric acid concentnatom- gastrin which is known to increase the gastric aeicre-
pared to their non-stressed groups. The gastric @cid tion, at the same time promotes gastric protedbiprin-
duced 31% and 30% respectively in the rats exptsed creasing gastric blood flow and thickening of gastr
stress compared to the non-stressed controfBrgoups  mycus® The end effect is the maintenance of the balance
Similarly the same effect of stress in rats hachk&f®wn  pepween the aggressive and the defensive factotisein
by Hayase and TakeuChivhere they reported a gradual gastric mucosa. Administration of gastrin analayl h
reduction in the gastric acidity which fell 60%d& the peen reported to protect rats against ethanol-ediuc
normal level after exposure to 2 hours of restrsirgss in gastric injuries®®” Takeuchi and Johnsn found that
rats fed a normal diet. There are also other repmir® | 5ig given a liquid diet to reduce gastrin secretioad
reduced gastric acid concentration and secretioatfion  ycreased stress-induced lesions while administradf
exposure to stre$§%It is also possible that the reduction pentagastrin, a gastrin analog, was able to redbee
in the gastric acidity in stress is a result offdgstion of developmeni of lesions due to ,stress. They alswvst
gastric acid secreting cells. The dysfunction caaddiue 4t |esion development had a high correlation wiita
to ischemia to the parietal cells as a result ef ¢tom-  (oquction of DNA and RNA synthesis in the gastric
promised gastric microcirculation under stress d@tk. mucosa, which caused the inability for the epidheell

The parallel relationship between the gastric agiditd  anewal and repair which lead to gastric erosioringu

the gastric blood flow had been shown previously bysyess Gastrin trophic effects are known to stieul
Hayase and Takeuchi.

: . . . . DNA and RNA thesis thus bringi bout it -
The changes in the gastric microcirculatiorrirdy an SYNINEsIs thus bringing abot 1's pro

. : tective function. Thus the importance of preservijas-
stress has been extensively studied and one oprihe : : o ports pres
i . o ; trin levels in conditions susceptible to gastric cosal
posed mechanisms is the reduction in splanchniodblo

flow as a result of the increase in adrenaline nod damage.

adrenalin secretions during stré5sAlternatively it could Th|s.study found that ga§tr|n Ievels. Feduc@?'s
be due to the increase of gastric motility whichais ficantly in response to stress in rats receivingnad diet

common feature of stress. The latter is supported b§nd tocopherol supplementation. The reduction i th
studies that found increased gastric contractiaming ~ Jastrin level may not only cause the reductiorhidcid
stress>*3These gastric contractions may temporarily re-Secretion as discussed above but may also cause a r
strict blood flow to the gastric mucosa. duction in the protective effects of gastrin on astric
Our study also found that tocotrienol was ableetard ~ Mmucosa, which can eventually lead to formatioresfdns
changes in the gastric acid concentration due resst in an impaired mucosa. This study also showedttfeat

Although it may not be possible to blocketiminate  effect of stress on gastrin can be blocked by speh-
tation of tocotrienol, where it was found that therum
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gastrin level was comparable in both stressed amd n We conclude that only tocotrienol has the igbiio
stressed rats. Treatment with gastrin had beenrstiow block the stress-induced changes in the gastraitp@nd
significantly increase the rate of repair of ulcared to  gastrin level but both tocopherol and tocotrienoé a
increase blood flow to the ulcer margins which kénl comparable in their gastroprotective ability aghida-
upregulation of cyclooxygenase (COX)-2 mRNA andmage by free radicals in the stress condition. dtfect
COX-2 proteins in the muco$a. These protective effects of a larger dose of both tocopherol and tocotriemol

of gastrin may be preserved in the condition oésstrby
supplementation with the tocotrienol, but not tduenml.

Glucagon-like peptide 1 is known to be releaisere-
sponse to food ingestion and function in inhibitgegstric
emptying, gastric acid secretion as well as glunage-
cretion’ Studies had suggested that GLP-1 may be in
volved in the modulation of hypothalamus-pituitayis
activity.**** Glucagon-like peptide 1 signals had been
linked to behavior and neuroendocrine responsérésss
When we look at the effect of stress on GLP-1 by-mea
suring plasma GLP-1 levels we found that this patame
was not altered in stress. Vitamin E, both tocophand
tocotrienol, had no effect on GLP-1 levels in normaih- 1.
stressed rats as well as rats exposed to stressh wh
suggests that GLP-1 is not altered by stress aachintE
had no direct effect on this parameter.

Since free radicals had been implicated initiigies 2.
to the gastric mucosa by noxious agents, we stuitied
effect of stress on lipid peroxidation levels byasgaring
its by product malondialdehyde (MDA). Measuremaint
MDA is one of the oldest methods and most widelydus
to measure lipid peroxidatichThis study confirms the
involvement of free radicals in the pathogenesigasftric 4.
injuries caused by stress - there was an incraadhei
MDA level of all stressed groups studied comparethé
non-stressed rats. This finding was in agreemenh wit®-
other studies showing the important role of lipieragxi-
dation in causing injuries to the gastric muco¥d?*3As
mentioned previously, an impaired gastric micragirc
lation, which is a common finding during stressuldo
lead to anoxic damage or ischemia to the gastricosa 7.
and ultimately cause an increase in free radigah&tion
in the gastric tissue.

There were no differences in the MDA levelsboth
groups treated with either tocopherol or tocotrieno
There was a significant increase in the MDA levebath
groups compared to their non-stressed groups. The
findings suggest a similar potency of both prepanstin 9.
controlling lipid peroxidation during stress. Howee,
supplementation with tocotrienol or tocopherol fign

cantly reduced the MDA content of gastric tissuenco 4

pared to the stressed control, which suggests teqtice
effect against stress-induced injuries. Althoubfs tis
true, it cannot completely inhibit the increasqadipero-
xidation levels. It is possible that the dose giveas not
sufficient to completely prevent free radical indddipid
peroxidation in the gastric tissue during stress.

The level of PGHIid not differ significantly in the vi-

tamin E supplemented groups compared to the nont2.

stressed control. This shows that both tocophendl a
tocotrienol in the dose used in this study, did ot
fluence the gastric PGEevel in both normal and stressed
rats. The findings also suggest that R@&es not play a
part in the stress induced injuries, where thisapeter
was not altered by stress.

complete prevention against lipid peroxidation doe
stress requires further investigation.
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N ERAE NHCIRAS N &5 S I FE SR . ARG T A B AN A & Iy — 25 /) il A
RS EPT R, XEESEO /N AN RS SRR B A e 3 v R il R . XS EHE T H IR
. BHLUP RS WA . TR R E,(PGRY), LI 5 Wb 2 R0 9 i 0B 25 FEAK-1(GLP-1), 60 HUEE:
Sprague-Dawleyk i (200-250gpi BENL 5> A =N, XA/ SRR BLIE 5 10 BRUEDRH(RC), S50 2H P 4139 1] LA 4 A=
RERZ GRE,  JE AR T IR 60mg/kgi (AR B Wy (TF)EAE E —IGM(TT). Zoit 28 KA 575 S A/l
FEAE R P B2/ R S VE S RN, /N B S S PR (0 N e v, BER 2/, 1S 4
KOOV, 534 RECUMNRIE IR RN L g R BoR, EXRIRZALR TEAd, ORI R 5 i i
T B W AT E AR RO A B 35 P (P<0.05), #R1fT, 76 TT 4dH, B ERAIFN ' Wh 257K -6 I 3R = M /)N
BUFPA Y . XEeLE R, AR I AR B R R AT B WA KT, XSS IR AR E N IR A N4 g .
PRI, PGEIKIE R IE GLP-LIK AL BT A WIS E N B P A Y, X R IX AR IR S TR AR,
N TEEL TT X'E PGRIRIEEMHK GLP-LIR L IFE A M. N A NRRIL AR L e br, 75N 34l E 4l
P R A A N A o X R, IR IR S N IO B B0 R AR, AL LK
B, AN TREK TT REFR IR T AL o BATH IS 8518, AEFIMAAT =Ml BN R i A
Fe g B R RE AN Y, (HZE T =410 LR DA Y 38 5 35000 5 R P R0 i 25 7K1 R AE U I RE T

KA ERE. BT MW VG BRI





