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~ Abstract

Membrane fatty acids in normal and experimentally induced diabetes mellitus in
rats were investigated. This study was carried out on 120 male rats. The rats were
divided into two equal groups of 60 rats each. Group I : (control group): Injected with
citrate buffer only. Group II: (Diabetic group): Injected with a single intraperetinoel
(i.p) injection of 50 mg/kg of streptozotocin for diabetes induction. Blood samples
were collected in tubes containing trisodium citrate 3.8 % from all animal groups five
times at 2, 4, 6, 8 and 10 weeks from the onset of diabetes induction. Plasma were
separated and processed directly for glucose, total cholesterol, triacylglycerols, HDL~
C, LDL-C, VLDL-C, NEFA, and L- malondialdehyde (L-MDA) determination.
Moreover, total cholesterol, phospholipids and fatty acids composition in erythrocyte
membrane were also analyzed. The obtained results revealed that, a significant
increase in plasma glucose, total cholesterol, triacylglycerols, LDL-C, VLDL-C,
NEFA, L-MDA and significant decrease in HDL-C concentrations were observed in

streptozotocin-induced diabetic rats when compared with the non-diabetic control

group. Also, a marked decrease in total cholesterol and Phospholipids concentrations
were observed in erythrocyte membrane in streptozotocin-induced diabetic (STZ-D)
rats. Moreover, fatty acid composition in erythrocytes of STZ-D rats revealed
significant decrease in the percent of pentadecyclic and palmitic acids and i increase in
sfearic and arachidic acids percent during different periods of diabetes. From the
ohtained results it could be concluded that, experimental diabetes mellitus extensively
alters and induced disturbances in lipid metabolism in male rats. Also, Streptozotocin
induced diabetes in rats alters erythrocyte membrane fatty acid composition.

Introduction

Diabetes mellitus is found in almost all populations and is emerging as a
growing problem in developing countries.(27). Diabetic patients appear to
have an increased incidence of multiple cardiovascular diseases including
atherosclerosis, myocardial infarction and congestive heart failure.
Furthermore, diabetes often involves a cardiomyopathy which is usually
associated with decreased glucose utilization and increased fatty acid
oxidation at specific metabolic sites (14).
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Fatty acid composition is changed in humans and animals with diabetes.
Diabetes inhibits delta-6-desaturase, which converts linoleic acid (LA) into
gamma linolenic acid (GLA), the precursor of arachidonic acid and
ultimately several vasoactive prostanoids. In experimental and clinical
diabetes, GLA production is reduced. Consequently, the levels of dihomo
gamma linolenic acid (DGLA), which is a product of GLA elongation, and
arachidonic acid. Also are reduced, which results in a decreased production
of the prostanoids, prostacyclin, and prostaglandins (43).

Free fatty acids are an improved physiological fuel for islets, and act as a
supplemental nutrient secretagogue to potentiate insulin release acutely in
the presence of glucose (37). Chronically elevated FFA are believed to play
a role in the pathogenesis of certain forms of type H diabetes by both
inhibiting insulin stimulated peripheral glucose uptake and contributing to B
cell dysfunction (7).

Accordingly, this study was performed to investigate whether
streptozotocin-induced diabetes in rats results in alters cholesterol,
phospholipids and fatty acids composition of erythrocytes membrane.
Moreover, alterations of some-plasma lipids composition and lipoprotein
profiles as well as lipid peroxidation in diabetic rats were also investigated.
The determination of cholesterol, phospholipids and fatty acids composition
of erythrocytes membrane in STZ-D rats are useful in establishing the
protective role of essential fatty acid nutrient on catabolic conséquence of
diabetes mellitus induced biochemical abnormalities in male rats.

Materials and Methods

One hundred and twenty white male albino rats, 12- 16 weeks old and
average body weight 220- 250 gm were used in this study . Rats were
obtained from laboratory animals research center, Faculty of Veterinary
Medicine, Moshtohor, Benha University. Rats were housed in separated
metal cages and kept at constant environmental and nutritional conditions
throughout the period of experiment. Water was supplied ad- libitum.
Experimental design:
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The rats were randomly divided into two main large equal groups, of 60
animals each, placed in individual cages and classified as follows:
- Group ‘I: (Control group): Injected with citrate buffer only.. Group II:
(Diabetic group): Injected with su'eptozotecm aﬁer overnight fastmg for
diabetes induction.
Diabetes Induction: :

Rats were fasted for 18 hour and allowed free access of water. The
- experimental induction of diabetes in male rats was induced by a single
intraperetinoel (i.p) injection of 50 mg / kg of streptozotocin (STZ) (slgma_
Chemical  Co. P.O. Box. 14508, St. Lowis, U.S.A) freshly dissolved in
citrate buffer, PH 4.5. A week later, STZ-treated rats were fasted for 12
hour, and blood samples were collected from the orbital venous sinus for
glucose determination. Only those rats in diabetic group (group II) with
blood glucose levels higher than 250 mg/ dl were considered diabetic (33)
' Samplmg
. Blood samples were collected aﬁer overmght fastmg by ocular vein

puncture from all animal groups, five times, at 2, 4, 6, 8 and 10 weeks from
~the onset of diabetes induction. Blood samples were collected in screw
capped tubes containing an anticoagulant solution, trisodium citrate 3.8 %
~ with PH adjusted to 7.4 with citric acid (1 vol. anticoagulant / 9 vol. blood) .
and plasma were separated by centrifugation at 2500 r.p.m for 15 minutes.
The clean, clear plasma was separated and processed du'ectly for glucose-
determination, then kept in a deep freeze at -20 °c untll used for
subsequent biochemical analysis. y
. Biochemical analysis: , ; _ . : A

‘Plasma ' glucose, ‘total cholesterol triacylglycerols, high density
lipoprotein  cholesterol (HDL~cholesterol), Low density lipoprotein
‘cholesterol (LDL - cholesterol), very low dens1ty lipoprotein cholesterol
(VLDL- cholesterol), nonesterified - fatty acids (NEFA), and L-
malondialdehyde (L- MDA) were.analyzed colorimeterically - according to
the methods described by (42), (2), (10), (21), (16), (6), (34), and (15),
respectively. Moreover, after plasma separation, erythrocytes were washed
for plasma membrane isolation as described by (32) and processed for
determination of total cholesterol and ‘ phospholipids according to - the
methods described by (2) and (41), respcctlvely The methyl ester of fatty
acids composmon in erythrocyte membrane, were dlSSOlVCd in pure‘
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chloroform and an aliquots of this solution were subjected to gas-liquid
chromatography (GLC) analysis, according to the method of (46).
Statistical analysis: :

Statistical analysis of the results was carried out using student’s T-test
according to (25).

Results and DiseuSSion

Diabetes represents a common endocnnal dlsease affectmg many ‘
~ metabolic. aspects joined mainly with absolute or relative deficiencies in
insulin secretion and / or insulin sensitivity (31). Such disease can be
characterized by its long-termt complications clearly observed in
cardiovascular, renal, neural, and visual systems (12). Development of these
complications appears to be somewhat related to duration of the disease,
specifically prolonged exposure to extreme high glucose level or its
metabolites (48).

- The obtained results (Table 1) revealed a s:gmﬁcant increase in plasma
glucose, total cholesterol, tnacylglycerols LDL-C, VLDL-C, NEFA, L-
MDA and significant decrease in HDL-C concentrations in streptozotocin-
induced diabetic rats when compared with the non-diabetic control group.

The increase in plasma glucose concentration of streptozotocin treated
group which came in agreement with (28) who related the developed
hyperglycemia to the specific toxic effects have been attributed to STZ
uptake through glucose transporter-2 (GLUT-2), these toxic effects lead to
end organ damage through activation of the aldose-reductase pathway
leading to toxic accumulation of sorbitol in nervous system (20), mcreased
diacylglycerols synthes1s with consequent activation of protein kinase C
isoform (PKC) in vascular tissue, initiating diabetic comphcatlons and
Increased oxidative stress with subsequent alterations in cellular redox
balance (49).

Regarding, plasma total cholesterol concentration in streptozotocm—
induced diabetic (STZ-D) rats the obtained results are nearly similar to the
reported studies of (50) who demonstrated that, dyslipidemia is promment in-
diabetic and renal failure patients showed TC, TG and LDL-C increase,
additionally this atherogemc indexes in agreement with reported studies of
(18), who related the atherosclerosis complications and higher in TG level is
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predominantly due to reduced lipolysis of triglyceride-rich l1poprote1ns In
diabetes glycoxidation could be an important pathway for accelerated LDL
oxidation through the formation of the reactive oxygen species. So,
glycoxidation induced significant damage to lipoproteins (8). In this respect,
the characteristic lipid abnormalities in diabetes include higher level of TG, -
LDL-C, VLDL-C and decreased level of HDL-C. It’s the deficiency of
insulin' may decrease the rates of triacylglycerols removal either from the
liver or the circulation (51) which could be also related to the increased
activities of HMG-CoA as recorded by (24) who observed that, plasma
cholesterol was significantly increased and both hepatic and intestinal 3-
hyd.roxy-3-methylglutaryl (HMG)-CoA - reductase  activities . were
significantly higher in Wister fatty rats thin those in controls, respectlvely )
On the other hand, ACAT activities in Wister fatty rats were s1gmﬁcantly
increased in the mtestme and decreased in the hver in companson with
controls. _
The increase in plasma tnacylglycerols concentration were came in-
accordance with the recorded -data of (37) who -reported that,
hypertriglyceridemia and hypercho'esterolemia are frequently observed in
diabetics. Increased lipolysis in diabetes may lead to an increased serum

level of free fatty acids and glycerol, ketone bodies formation and lastly
acidosis. Also, (1) showed that, there was a significant increase in plasma

non-esterified cholesterol, triglycerides and phospholipids in STZ-induced
diabetic rats, accompanied by a decrease in high density lipoprotein (HDL)-"
cholesterol. The reported changes in TG could be related to the mild but
significant insulin deficiency resulted in mild hypertriglyceridemia, linked
to impaired triglyceride removal rather than to an overproduction of VLDL-"
triglyceride, despite elevated levels of plasma free fatty acids, also it could

be attributed to the disturbed tissue llpases system which regulated by o

insulin were suppressed by STZ increasing TG (19).
In the present study diabetes is associated with lower level of HDL-C
and increase level of LDL-C, and VLDL-C. Slmlla.rly, (5) showed that, low
_density lipoprotein (LDL), and very low density hpoprotem (VLDL)
demonstrate higher level. The recorded data may be due to deficiency of -
lipoprotein llpase activity (LPL: insulin dependent enzyme) which plays
certain roles in both tnacylglycerols removal and HDL-C production, such
activity is usually attributed to insulin deficiency (13). Moreover the'
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hypertriglyceridemia observed here may be due to either a defect in

lipoprotein removal from the plasma or to over production of LDL by the

liver defect of removal of these panicles may be due to decreased
lipoprotein lipase activity an insulin dependent enzyme (44). Triglycerides -
rich lipoprotein are occurring simultaneously with decreased HDL-C level
that lipoprotein abnormalities are commonly observed in diabetics and
expressed as risk factors to atherosclerosis development. (22) recorded that,
diabetes resulted in a decrease in HDL-cholesterol. Diabetes resulted in-an

increase in LDL-apoB but a decrease in LDL-apoE. Who suggested that,

- hyperlipidemia and low HDL cholesterol levels may be risk factors for the
onset of diabetic cataracts and that diabetic cataracts may be accelerated by
hyperlipidemia and low HDL cholesterol in rats. Moreover, (45) recorded

_that, - concentrations = of very _.low  density  lipoproteins .
(VLDL), low density lipoproteins (LDL), and high. density lipoproteins -
(HDL) of spontaneously diabetic BB and non diabetic httermate rats were
higher than those of normal rats.

The recorded decrease in plasma NEFA concentratlon in dlabetlc rats
was came in accordance with the results of (35) who recorded that,

- ‘increased lipolysis in diabetes may lead to an increased serum level of free

fatty acids and glycerol, ketone. bodies formation and lastly acidosis. -

Increased levels of plasma TGs and NEFA may play certain role in the

- pathogenesis ‘ of insulin-resistant diabetes. In the liver increased NEFA

'oxidation may stimulate gluconeogenes1s contributing in- turn to. in
appropriate glucose ‘production found in-type II diabetic patients. The
recorded data could be related to the escaping immediate uptakc is a highly
regulated process and. that 1mpa.1rment of this extraction or entrapment of
TG-derived FA may be involved -in the pathophysiology of insulin
resistance and dyslipidemia as conformed by (17) who reported -that, an
increase in plasma and liver microsome oleic acid and a decrease in -
. arachidonic acid were found in diabetes and (28) demonstrated that, fasted

. streptozotocm-mduced diabetic animals have increased NEFA levels also

(23) observed that, in contrast, the plasma levels of ketone bodxes and FFA

were significantly increased in STZ-diabetic rats. _

: The recorded data showed a significant increase in plasma L-MDA in the -
" STZ diabetic rats. Similar results were recorded by (40) who demonstrated

that, plasma MDA showed 80 % increase in the early stages of diabetes, and
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more progressive increase later which explained as the factors favoring the
formation of reactive oxygen species may catalyze lipid peroxidation in the
plasma and other tissues and in poorly controlled diabetic, glucose oxidation
through the pentose phosphate pathway initiates excessive formation of
NADPH, this in turn can promote lipid peroxidation in the presence of
cytochrome P- 450 system. The results could be related to the inactivation
or inhibition of antioxidant enzymes through glycation, in poorly controlled
diabetes mellitus, may give rise high lipid peroxidation rate, evidence of
lipid peroxidation had been observed in many diabetic complications.

The obtained results (Table 2) revealed -a marked decrease in total
cholesterol and phospholipids concentrations of erythrocyte membrane in
streptozotocin-induced diabetic rats. Similarly, (26) reported that, - the
acylation of total phospholipids with palmetic, oleic, or arachidonic acids
- were decreased in intact erythrocytes from diabetic animals. It also could be
attributed to that the erythrocyte membrane composition is altered both in
~ hyperglycemic and hyperlipidemic conditions, and may provide a useful -
model for: evaluating lipid carbohydrate abnormalities of membrane
structures in  diabetes. mellitus (4). Also, the membrane
cholesterol/pflosphollplds ratio is_ the main reason for decreased membrane
fluidity in diabetes, also the composmon and structural changes in
erythrocyte membranes and compositional changes in plasma lipids may
contribute to the development of diabetic complications in diabetes as
- reported by (9). In this' respect (30) showed that, a significant elevation of

erythrocyte thiobarbituric acid reactive substances (TBARS), an index of |

lipid peroxidation and significant reductlon in membrane cholesterol and
phospholipids content were observed in STZ diabetic rats and the diabetic
strain revealed a significant fall in the amount of linoleic acid in hver and'
kidney microsomes and in erythrocyte membranes. _-

The obtained results (Table 3) demonstrated that, Fatty acid compos1t10n _
- in erythrocytes of (STZ-D) rats revealed 51gmﬁcant decrease .in the percent
of pentadecyclic and palmitic acids and increase in stearic and arachidic
acids durmg different periods of diabetes. Conversely, the total amount of
- saturated = fatty acids was significantly increased and the -
polyunsaturated/saturated ratio was  decreased in the Type 1 diabetic
patients. On the other hand, in the erythrocyte membrane, linoleic and
stearic acid were higher, and palmitic, palmitoleic, and arachidonic acid
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were lower in diabetic rats. The activities of delta 6 desaturase in diabetic
rats were 68% of those of controls, and increased to 119% of controls after
insulin treatment. These changes may be related to the changes in-
radioactive fatty, acid incorporation were found in diabetic red cell
phosphatidylethanolamine (PE), though ' they were not statistically
significant. The analysis of the membrane phospholipids fatty acid
composition revealed a consistent increase of linoleate levels in diabetic rat
red cells, a modest decrease of palmitate, oleate, and arachidonate.
Lysophosphatidylcholine acyl-CoA transferase (LAT) specific activity
measured with either palmitoyl-CoA or oleyl-CoA was significantly
reduced in diabetic erythrocyte membranes in comparison to controls and
due to the platelet-poor plasma (PPP), the most significant increases in free
fatty acids were stearate, linoleate, = eicosatrienoate . (n-6), and
docosahexaenoate (n-3). Also, fatty acid composition of RBC phospholipids
was also altered, with significant decreases in arachidonate,
docosatetraenoate (n-6), and docosapentaenoate (n-6) and increases in
linoleate and docosahexaenoate as shown by (3). '

" From the obtained results it could be concluded that, experlmental

'“mduced diabetes mellitus in rats extensively alters and induced disturbances
in lipid metabolism. Moreover, composition and structural changes in
erythrocyte membranes lipids as well as plasma lipids may contribute to the
development of diabetic complications. Because, diabetes induced major
changes in plasma and red cell membrane lipid compositions. Therefore, we
recommended that, equivalent and adequate amounts of dietary
polyunsaturated fatty acids are very essential and should be used with save
and therapeutic dose level which may attenuate the gdverse and dangerous
effects of diabetes or may improve the progression of the dlsease
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Table (1): Plasma Glucose, Total Cholesterol, Triacylglycerols, HDL-C, LDL-C, VLDL-C (mg/dL), NEFA (mmoV/L) and L - MDA
(nmol/L) concentrations in streptozotocin-induced diabetic male rats and their control.

Parameters Glucose Total Triacylglycerols HDL-C LDL-C VLDL-C NEFA L-MDA
Duration Cholesterol
- Control | Diabetic { Control| Piabetici Control| Disbetic/ Control| Disbetic] Control{ Diabetic| Control| Disbetic| Control| Diabetic/| Control] Diabetic
83.81 23197 86.00 ;571 + 6533 8943+ 130 17.89 18.94 17.02 51.28 60.81 368 4.56 16.16 16.48
2 weeks * % % 4 49 * 6:7 4 * * * e * * * % % *
2.87 269+ 3.96 1.70 034 135 1.03 2.00 394 544 0.15 0.27 0.52 023
94.16 329.67 8333 | 8270 | 5717 76.57 1.4 1531 1584 16.98 54.84 50.42 310 398 16.00 16.48
4 weeks + * % + + Tk £ + + * + * * % + %
L4 201%%* 1.61 441 1.50 6.62* 0.30 1.20* 0.78 1.08 2.14 454 0.09 0.04 0.77 020
95.83 392.86 84.00 92943 | 62.14 | 102.14 | 12.43 2043 | 2769 | 20.67 39.74 4.77 16.96
6 weeks + + + + + + + * + + * 5:3{:‘ :01;8 + + 1765‘520*
252 28344+ 321 | 181 219 | 7.05** 044 | 141** 1.06 2.10* L.72 041* 0.55
106.67 236.19 80.83 9121+ 69.00 95.00 13.99 19.00 | 24.10 16.41 4205 | 5580 2.60 347 15.44 15.76
8 weeks + + + 407 + + B + + + * * * + + +
291 72544 237 271 | 5.76** 054 | L15* 150 | 0.59** 225 3.89* 027 041 035 037
84.92 2614 8800 | 77.14 | 6643 | 7387 1329 16.14 1533 17.12 5646 | 4530 358 391 15.92 17.44
10 weeks BT + + £ F £ - * + * £ * x * + £ EY
237 3,644+ 2.80 191 297 703 0.59 1.4 098 0.58 188 249* 0.13 0.46 023 041*

Data are presented as Mean+ S. E.  S. E. —Standardelror
** *: Very highly significant at (P< 0.001)
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Table (2): Total cholestero! and phospholipids concentrations of erythrocyte membrane in
~ Streptozotocin-induced diabetic male rats and their control (umol/10" red cells).

Parameters | . Total Cholesterol - Phospholipids
Duration Control Diabetic - Control Diabetic
Two weeks -20.99 + 9.31 17.91 £ 0.27*** | 17.37+90.13 13.94 £ 0.50**
Four weeks 20.93 = 0.79 18.58 + 0.46* 19.92 + 0,21 14.41 £ 0.21***
.Six weeks . 19.18 £ .69 17.28 = 0.50 15.79 + 0.29 11.89 % 0.98*
Eight weeks 20.80 = 0.71 17.60 £ 0.24** 16.36 = 0.10 15.01 £ 0.47*
Ten weeks 19.88+:0.21 | 18.44%0.21** 17.42 = 0.21 16.88 = 0.45

S. E. = Standard error *: Significant at (P< 0.05)
** % Very highly significant at (P<_0.001)

Data are presented as Mean+ S. E.
**: Highly significant at (P< 0.01) -
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Table (3): Fatty acid composition percentage and main fatty acid changes in erythrocyte membrane in streptozotocin- induced diabetic
male rats and their control.

Animal groups Two weeks Four weeks Six weeks Eight weeks Ten weeks ]
Fatty acids Control Diabetic Control Diabetic Control Diabetic Control Diabetic Control Diabetic
pelargonic C9 : 0 0.24+0.11 | 0.035+0.005 | 0.24+0.09 ND 0.18+0.03 | 0.06+0.01 | 0.21+0.05 ND 0.32+0.05 | 0.85+0.40
Capric C10:0 ND ND 4.33£1.02 ND 3.06+0.73 ND | 2.52+1.16 ND 1.29+£1.05 | 1.76:0.26
Lauric C12:0 7.39+2.57 | 2.86:0.40 | 1.17£1.03 | 3.9840.57 | 2.3240.060 | 5.19+0.74 | 220+0.78 | 3.3230.30 | 1.85+1.05 | 8.54+2.76
Myristic C14:0 | 2.46:0.40 | 0.85+0.38 1.16+0.55 1.50£0.04 1.47+021 1.79+0.08 | 1.9030.452 | 1.7420.18 | 2.27£1.10 | 3.67+0.67
PentadecylicC15: 0| 13.72£2.52 | 25.78+1.75 | 16.0135.03 | 14.26+1.72 | 23.3540.60 | 15.483:0.92* | 22.11+1.51 | 14.12+1.14 | 2539+1.72 | 17.011+3.94
Palmitic C16:0 | 1227+1.12 | 4.25+:0.48* | 7.06+0.60 | 6.3840.37 | 6.67+0.90 | 7.78+0.28 | 4.83+1.89 | 7.54+128 | 6.80x1.30 | 13.31+1.54
Unknown F. A (1) | 12.75%1.30 | 5.1430.48* | 7.464091 | 7.70+020* | 6.24+1.24 | 9.22+036 | 4.64+1.08 | 9.52+1.00 | 7.39+0.88 | 12.77+2.99
Unknown F. A (2) | 8.1340.69 | 2.70+0.37* | 5.98+1.10 | 3.76+0.11 | 4.47+0.77 | 5.46:035 | 5.06+0.64 | 6.6030.53 | 5.15+0.73 | 11.10+1.99
Unknown F. A 3) | 10.75:0.45 | 5.78v0.51* | 25.2421.92 | 7.61020 | 20.46+1.67 | 7.59+0.40* | 23.88+1.52 | 7.64+1.08* | 28.4242.97 | 6.75+231*
stearic Cl18:0 12.7242.40 | 34.62+1.36* | 7.40+3.46 | 26.15:1.86* | 15.9840.59 | 25.97+1.38* | 16.41+1.02 | 27.94+2.84 | 1521+0.97 | 12.64+6.39
Oleic C18:0 ND 7.98£1.00 | 14.15t1.45 | 13.0630.87 | 5.16£0.94 | 9.47+038 | 4.44+2.49 | 10.51+0.75 | 3.93:0.82 | 2.44x0.12
Linoleic C18:0 | 12.184510 | 0.98+0.63 1.87+0.76 1.91+0.37 1.78£077 | ND 3.20+0.60 ND 1.64+0.70 | 8.05+6.25
Linolenic C18:0 ND 4.4630.27 | 5.58+2.01 7.59£2.97 | 123044 | 7.11+0.30 ND 6.37+0.42 ND 6.10+1.04
arachidic acidC20:0 2.65+0.15 | 3.76x1.13 1.01+0.47 | 4.91+0.35* ND 4.95£0.11 | 0.63+0.29 | 4.19+1.24 ND ND
Unknown F. A (4) ND 1.66:0.99 | 6.16+1.81 1.66+036 | 7.50+0.81 ND 8.76+0.69 ND 3.89+1.80 ND

Data are presented as Mean = S. E.

F. A= Fatty acids.

S. E. = Standard error

*: Significant at (P< 0.05)
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N. D.: Non detectable fatty acids.
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