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ABSTRACT

The aim of this study is to Evaluate the anti-dtabeffect of otolith (ear stone ) that obtainednf type of fish
called "Arius Thalassinus' Which has medicinal properties and traditionallyedsin Yemen", for treatment of
diabetic mellitus type 2. Experimental animals welgided to 2 diabetic models (streptozotocin anettbse
model) Composed of ( 9) groups , Each model cositdigroups , 6 animals in each group , while, Growas kept
as control for both models only taken distilled @a2ml/kg) . Administration of otolith in the desef 2g and 3g/kg
of body weight in STZ model showed significant (BSPreduction in blood glucose levels, cholestef@, and
LDL compared to diabetic control rats, with no effen body weight . On the other hand, administra®f otolith
in the doses of 2g and 3g/kg in fructose model sldosignificant (P<0.05) reduction in blood glucosesulin,
cholesterol, TG, LDL levels respectively as wellbasly weight compared to diabetic control rats.aldition,
otolith 2 and3g/kg showed high reduction in chaesitlevel than reference drug pioglitazone, inctase model.
Administration of otolith 3g/kg produced signifitahigher anti diabetic activity than otolith 2g/kdose. In
conclusion, The traditional use of otolith to trel&betes is supported by laboratory Findings fribis study.
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INTRODUCTION

Diabetes Mellitus (DM) is a major disease threatgrihe global public health that is rapidly gettingrse with the
highest impact in adult of working age in develapicountries.[1] There is an estimated ( 347 milljzeople
worldwide have diabetd®)] It is characterized by hyperglycemia resulting frdefects in insulin secretion, insulin
action, or both, which results in abnormalities darbohydrate, lipid and protein metabolism. Theooft
hyperglycemia of diabetes is associated with largit damage, dysfunction, and failure of variousaosy
especially the eyes, kidneys, nerves, heart anadbkessel$3]Oral hypoglycemic agents are used in the treatment
of type 2 diabetes, among which gliclazide, a sdegeneration of sulfonylurea derivative, is prederin therapy
because of its selective inhibitory effect towapadsicreatic K+ adenosine triphosphate (ATP) chanaalsoxidant
properties, low incidence of severe hypoglycemial hemobiological effect$4,5] In addition, insulin resistance
plays an important role in the development of diebenellitus Type II. [6 ]

Insulin resistance is a common pathological statevhich target cells fail to respond to ordinagvéels of
circulating insulin resulting in disregulation iipid homeostasis and glucose regulation [6,7].H@tewnsulin
sensitizers are group of agents work by enhancingoge utilization in tissues, and so reduce instgisistance.
They activate the nuclear peroxisome proliferaictivated receptors (PPAR}, which alter gene expression and
result in insulin-like effect. It is a target die class of drugs known as thiazolidinediones (T)Zy example
Pioglitazone . It is used to treat type Il diabeted known to regulate lipid and carbohydrate nadisim [ 8]. Fish

is a rich source of nutrients like polyunsaturafegitly acids , amino acids, vitamins and mineralspllays a major
role in preventing and curing coronary heart dissasasthma, eye diseases , and nutrient defie=i®¢i Yemen
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has great biodiversity of marine life such as fisit uses with medicinal properties (Traditionhefapeutic ) such
asArius Thalassinusthat’s locally called “Comal”[10]Arius Thalassinugontains otoliths, commonly known as
"ear stones," they play an important role in gens balance , movement and hearing of fi€toliths are small,
white structures found in the head of all fish otti&n sharks, rays and lampreji].Otolith is used traditionally
along coastal areas especially Hodidah governordtee people there believe that it has many hdadtiefits and
magic control of diabetes and migraine headache pa¢y said that this agent control their hypergiyia in some
cases without any other supported medications .

Survey of current literature revealed that themredgrevious scientific data documented for tfiece of otolith in
the treatment of type 2 diabetes mellitus. Themftine present study is undertaken to investigaeanti-diabetic
activity of otolith in type 2 diabetic rats.

EXPERIMENTAL SECTION

2.1. Drugs and chemicals Streptozotocin (STZ) was purchased from ( Sigl)other chemicals and kits were
purchased from Roche Diagnostic and Merck Company

2.2. Collection and Preparation of Otolith: Otolith pieces were obtained freshly from catfishested from Red
sea near to khokha governorate port Hodiedah -€Yierrresh Pieces of otolith were air dried anddeyed using
mechanical grinder, then, stored into suitable tligFsistant glass container and tightly closed.litbtdreshly

prepared before use, as solution by dissolving fitat distilled water.

2.3. Animals :

54 Male albino Wister rats (Rattusnorvegicusalbjaged (6 weekst 1week ) and weighing (210+ 20g jewe
obtained from animal house (Sana'a University-Dipamnt of Biology). They were acclimatized to tlhddratory
conditions before starting of treatment for 1weekhe animals starved overnight with water only piio the
experiment. The animals were weighted and givespecific number and mark. The study protocol hasnbe
approved by the University Ethics committee , Nb)(4

2.4. Acute Toxicity Studies Acute oral toxicity study was performed accordiog Organization for Economic
Cooperation and Development (OECD) guidelines A23. After the oral administration of otolith , anirealvere
observed individually at least once during thet 8@ minutes and periodically during the first Z3ubhs, with special
attention given during the first 4 hours and d#ilgreafter, for total of 7 days.

2.5. Anti-oxidant activity:
The free radical scavenging capacity of the extnaxt determined using DPPH [13-14,15].

4.3 mg of DPPH (1, 1-Diphenyl —2-picrylhydrazyl) svdissolved in 3.3 ml methanol; it was protecteafrflight by

covering the test tubes with aluminum foil. 1500RPH solution was added to 3ml methanol and abscgbhwas
taken immediately at 517nm for control reading. H0of various concentrations of otolith as well standard
compound (Ascorbic acid) were taken and the volwas made uniformly to150 pl using methanol. Eaclthef
samples was then further diluted with methanola@ml and to each 150 pl DPPH was added. Absorbaase
taken after 15 min. at 517nm using methanol askbtam UV-visible spectrometer.[16]. In addition, TBPPH

assay method is based on the reduction of DPPtabtedree radical. The free radical DPPH withoad electron
gives a maximum absorption at 517 nm (purple c9ldvhen Antioxidants react with DPPH, Which is abdé free
radical becomes paired off in the presence ofdxdgen donor. When a solution of DPPH is mixed wilitit of a
substance that can donate a hydrogen atom, thergithés rise the reduced form (Diphenylpicrylhydinaz non

radical) with the loss of this violet colour (altigh there would be expected to be a residual palevy colour from
the picryl group still present)[17]. The DPPH fresglical scavenging activity was calculated using fitilowing

formula [18].

Inhibition %= Ac-As/Acx100
WhereAc is the absorbance of the control a&slis the absorbance of the sample
2.6. Study designb4 animals rats were divided to 2 diabetic moda&larid B) composed of 9 groups . Each model

contains 4 groups (6 animals in each group). Gtougms kept as control for both models only takéstilled water
(2ml/kg) .
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Model A : STZ induced type |l diabetes mellitus

Group Il : Untreated group given STZ to induce type Il DM .

Group lll, : Treated with 10mg/kg body weight of Gliclazigied kept as a reference group
Group IV,: Treated with otolith 2g/kg/d .

Group V,: Treated with otolith 3g/kg/d .

For induction of type Il DM, STZ was administeredrhale rats i.p. after dissolving it in sodium ai& buffer at a
concentration of 62.5 mg/ml by dose of( 35 mg /&gcprding to pilot study and a method of Netati.al2014[19].
Blood glucose was estimated aftéf and7th days after the streptozotocin injecti@ | [21]. Rats with consistent
hyperglycemia on the 7th day (fasting blood gluclesels > 250 mg/dL) were used inthis study. Thenthree
treated groups were givengliclazide and otolitHlptarough oral gavage for 4 weeks.

Model B : (Fructose induce insulin resistancg22]

Group lk: Untreated group receivedd% w/vfructose solution

Group lllz:Treated with pioglitazone (3 mg/ kg )and kept asfarence group
Group I\g:Treated with otolith 2g /kg/d.

Group g : Treated with otolith 3g /kg/d .

All groups except normal control, received 10%rattose for three weeks to induce insulin resise according
to the method of Massimo Collinet al 2010.[23]. All tested drugs were given via oravage starting from"™
week and the duration was 6 weeks. The blood sampdee collected from retro-orbital plexus amdtéd for the
all parameters like glucose level , insulin levighid profile and body weight using biochemicatski

RESULTS
3.1. Acute Toxicity Study:
from the acute toxicity studies no toxicity was fiduto doses of 4 up to 8g/kg and the doses selactethe low and
high dose is 2g/kg and 3g/kg.

3.2. Antioxidant activity:

The antioxidant activity of otolith probably due poesent trace elements like zinc , magnesium,p&opnd iron .
On the other hands ,Antioxidant properties of tholere found to be higher effect with otolith 3gfhan 2g/kg .
Based on the results obtained, the low concentraimtolith 50 and 100 (pg/ml) showed low effestaatioxidants
while the concentrations 150,200,250 (ug/ml) shbvighly significantly effect (P<0.05) as antioaits
compared with ascorbic acid . The fig.1 showsathigoxidant activities of the otolith.
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Figl. Antioxidant s activity of otolith compared toascorbic acid

3.3. Part A: STZ-induced type 2DM.

Animals treated with STZ significantly increasedruse glucose, triglycerides , LDL and cholesterol ewh
compared to normal control group. On the other BaAdimals treated with STZ significantly decreagethsulin
level. Otolith at dose levels of 2 and 3 g/kg h.ovshowed significant decreased (P<0.05) in thel¢eof serum
glucose, triglycerides and cholesterol comparedh @ibetic control rats . additionally, Otolith dose 3g/kg, also
showed significantly increased in insulin leved,shown in table 1 and figure 2,3 and 4 .
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Table. 1 : Effect of oral otolith administration (2 and3g/kg) average(M+ SE) on lipid profile in STZinduced type 2DM

Parameters Control STZ Gliclazide Otolith Otolith
(mg/dL) (D.W. Only) | (35mg/kg) | (10mg/kg) (29/kg ) (3g /kg)
Triglyceride 88 +1.9 157 £8.4* 100 £5.12 110.2 +4.7# | 108.25 £5.12#
Cholesterol 123 £2.76 172 2.8 * | 143 +2.58 # | 152 £3.21# 147 +4.15#
HDL 35+1.6 33 +1.86 39+1.73# | 36+1.92# 38+1.4
LDL 79 +£1.52 88 +£2.28 * 69 £2.19 83+2.0 74.00 + 2.3#

Values are expressed as mean +S.E.M. (One-way ANGIMwed by LSD test). (n=6).
*P <0.05 compared to control Group ; # P <0.05 comgzhto STZ Group.
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Fig2. Effect of oral otolith administration (2 and 3g/kg) onaverage(M+ SE) glucose level in STZ Model
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Fig3. Effect of oral otolith administration (2 and 3g/kg) onaverage(M+ SE) insulin level in STZ Model
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Fig4.Effect of oral otolith administration (2 and 3y/kg) on average(M+ SE) body weight in STZ Model

FrUcClose Teeding groups Tor SWeeks nas snown Signee Increase In Serum giucose, Insuin, urighgess,
cholesterol and LDL levels when compared to norcoakrol rats. Animals treated with otolith for 3ebes at a dose
of 2 and 3g/kg b.w showed significant (P<0.05) widun in serum glucose, insulin, triglycerides, LDand
cholesterol levels with higher effects with 3g/kosd . In diabetic control group, there was a sieeqease in body
weight, however body weight was reverted to neamabdwhen treated with otolith at 2 and 3g/kg bResults are
shown in tables 2 and figures 5&6.

Parameters Pioglitazone

Control fructose Group 3 ma/ k Otolith Otolith
(Mg/dL)  (p.w. only) %10 (3marka)  ogng  (3g/kg )
Triglyceride 88+1.9 203+1.9* 18143.7# 197+4 18643.4#
Cholesterol 123£2.8 242+#4.1* 19243.5¢ 17583.7# 1592 7#
HDL 35+1.6 33#.3 424 7# 38+1.44 41+1#
LDL 7945 167+7.3* 98 £3.5# 11213.5# 102£2.4#

.P <0.05 compared to control Group ; # P <0.05 caregl to fructose Group.Values are expressed as m&ah.M. (one-way ANOVA followed
by LSD test). (n=6)

Fig5.Effect of oral otolith administration (2 and 3y/kg) on average(M+ SE) glucose level in fructoseadel.
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Fig7.Effect of oral otolith administration (2 and 3y/kg) on average(M+ SE) body weight in fructose maa

DISCUSSION

Streptozotocin induces diabetes by free radicakggion, which causes a massive reduction of inssgicreting
beta cells of the islets of Langerhans, resultimg & decrease in endogenous insulin releasd. [24
In present study, administration of 35mg/kg of SShowed significant increase in glucose, triglycericholesterol
and LDL levels. While, showed decrease in the insldvel and body weight. , Otolith contains sonssemntial
components for example calcium, zinc, magnesiurppep and iron which probably play important rolesaati-
hyperglycemic and antioxidant activity. Howeverpaxistration of otolith in the doses of 2 and 3dtkgshowed
significant decrease (P<0.05) in blood glucoseelle This effect probably due to present of “Gavhich stimulates
insulin releasing by opening voltage-dependentigalcchannels in th@ cell resulting in calmodulin activation,
which in turn leads to exocytosis of insulin contag secretory granules (Hoich et al., 1986).][25
Additionally, another hypothesis for this effecttolith shows poor absorption through the gut watjgested that it
may exert its antihyperglycemic effect in the imtes tract before absorption and concluded thateitfect is
probably due to its ability to inhibit- glycosidase and decrease glucose transport thitheghtestinal epithelium.
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In this study, STZ induced diabetes produced matk&ed in body weight in diabetic group comparedréated

groups. in addition, Diabetes is usually assodiatéh weight loss; this is probably due to the p@vitches to
burning fatty acids due to insulin shortage, andveots glycogen stores in liver and muscles to agecin the
diabetic state by gluconeogenesis process [P8llin resistance precedes the development of-2ypdiabetes,
obesity, atherosclerosis and other associated mastiular diseases.[27] High fructose consumptiadd to
obesity and metabolic abnormalities as observadsulin resistance syndrome. Fructose as such dagnulate

insulin secretion from pancreaticeells, leptinan adipose derived hormone producisonegulated by insulin in
response to meals, consumption of foods and besgreantaining fructose reduces circulating leptinoentration
leading to insulin resistance [27-28].In the cutremrk, The rats fed with high fructose showed dght gain,

hyperinsulinemia, hyperlipidemia, and hyperglycanmihis result was compatible with the study of Bhaet al.

2002 and Neeharika V et al. 2012.[27] [29]. IndeEde use of 10% wi/v fructose in drinking water éoperiod of
21 days showed a significant increase of glucoseilin, triglycerides, and cholesterol levels.

In this work, oral administration of otolith to dhietic rats showed a significant reduction in thesleof glucose
associated with significant decrease in the levelnsulin as compared to untreated diabetic ratss Tinding
probably due to enhances peripheral and hepatisitsaty of insulin or because otolith maybe aate the _
nuclear peroxisome proliferator-activated recep(®BARY), lead to decrease insulin resistant, like piagline
effect.

Moreover, Zinc is one of the essential trace eldémessent in otolith , is a component of many enggnand plays
an important role in the maintenance of severalisfunctions,[30] including the synthesis, storagd release of
insulin.[31]. Moreover , Zinc has been found to @amte the effectiveness of insulin in vitro, anchits been
postulated that zinc deficiency may aggravate tisilin resistance in non- insulin dependent diabetellitus
(NIDDM)[32] . The development of glucose intoleca in rats after dietary zinc deprivation, togetivih the
occurrence of zinc deficiency in diabetes mellittisggest a role for zinc deficiency in the path@gesof diabetes
mellitus[33]. It has been suggested that zinc tepiecould improve insulin sensitivity in patiensth NIDDM[34].

There are numerous studies in which dietary fructoas been shown to induce hyperlipidemia in rtsdg3b,
36,37].These studies reported that rats fed a fighese diet had sustained elevations in levelsipgd profile
(triglyceride ,cholesterol , and LDL) moreover, Timain cause of the increase in lipid profile is thcreased free
fatty-acid (FFA) release from insulin-resistant éatls.[38,39,40]. Hepatic metabolism of fructdaeorsde novo
lipogenesis, and this may be linked with both hijpetemia and increased body fat stofé$].

From the results obtained in the present studyitiotadministration in fructose model showed sigrfit (P<0.05)
reduction in levels of triglyceride ,cholester@ind LDL. This finding maybe due to inhibit releaddree fatty-acid
from fat cell. In addition, dietary fructose metéibm leads to high concentration of FFA in livedhich in turn

enhances hepatic gluconeogenesis [42]. Thus plagatase levels increase by the increased dietamgtdse.

Glucose produced as a result of fructose metabodsmulates insulin release but the fructose induiresulin

resistance prevents the insulin from effectivelytabelizing glucose, resulting in hyperglycemia [43Insulin

resistance also leads to compensatory hyperinsnigneand this explains the increase level of gbecand insulin
at the same time, which showed in the results oot study. However, administration of otolithdatses of 2 and
3 g/kg b.w prevented the development of hyperglyaemyperinsulinemia and hypertriglyceridemia, lasré were
the outcomes of this study.

In this work, fructose feeding group only, showégh#icantly increase in body weight through 21 dagliabetic
groups treated with otolith 2 and 3g/kg/day shovegghificantly reduction in body weight, So, otolifilay
important role in improvement of insulin resistaresociated with weight gain. On the other haratslith showed
low or no efficacy in reduction of body weight ifT&induced type 2 D.M .

Otolith might have improved insulin sensitivity preripheral tissues, as this was evident from tkelt® showing
decreased glucose and insulin production. Thusabiwve results indicate that otolith has prevenéffect on
fructose induced insulin resistance.

CONCLUSION
The present study outcomes were suggested tHahatay be useful in treating type 2 Diabetes el with no
visible signs or symptoms of toxicity in rats inglimg a high margin of safety. The otolith exhilitanti-

hyperglycemic activity comparable to that of a sl drugs (Gliclazide and pioglitazone) in bothdels. The
traditional use of otolith to treat diabetes is puped by laboratory finding from this study.
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Further studies using more technical methods toiddiie the constituent (s) of otolith responsildiethese benefits
and biological activity are required in order tegpve and expand these findings.
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