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Background

Abstract

Background: Several studies have shown association of fatty acids with type 2 diabetes (T2D), as well as
metformin effects on blood glucose concentrations through affecting lipid metabolism.

Obijectives: Since the exact therapeutic mechanism of metformin is not clear, in this study we investigated
effects of different doses of metformin on serum fatty acids in rats with T2D.

Materials and Methods: Twenty-five adult albino male Wistar rats were divided into the following groups:
Healthy, untreated T2D, and T2D rats receiving metformin for 4 weeks with doses of 100, 150, and 200
mg/kg/d. Serum insulin and triglyceride (TG) were measured using commercial kits. Serum total lipids
were extracted by the Bligh-Dyer method and then compositions of fatty acids were evaluated using gas
chromatograph.

Results: Monounsaturated fatty acid (MUFA) levels in T2D rats were lower than those in healthy rats
(P < 0.05). We also observed that diabetic rats treated with 100 or 150 mg/kg/d of metformin had higher
levels of arachidonic acid and polyunsaturated fatty acids (PUFA) in comparison with the healthy group
(P < 0.05). Moreover, the T2D+Met (150 mg/kg) group showed increased levels of MUFA compared with
the T2D group. Such a difference was seen in levels of arachidonic acid between the T2D+Met 100 mg/
kg group and untreated T2D group. In the group treated with high doses of metformin (200 mg/kg/d),
levels of palmitic acid, palmitoleic acid, and saturated fatty acid (SFA) were higher and levels of oleic
acid, linoleic acid, arachidonic acid, MUFA, PUFA, and also SFA/UFA ratio were lower compared with
other metformin treated and untreated groups (P < .05). In untreated T2D group, there were positive
correlations between glucose levels and linoleic acid and PUFA levels (r= 0.707, P = .049 and r = 0.726,
P = .041 respectively). Arachidonic acid levels were positively correlated with glucose levels in T2D rats
treated with 100 mg/kg/d of metformin (r=0.969, P =.031).

Conclusions: Our study showed that different doses of metformin could have different effects on serum
levels of saturated and unsaturated fatty acids, as 200 mg/kg/d of metformin could increase and decrease
saturated and unsaturated fatty acids respectively, while lower doses increased unsaturated fatty acids,
particularly arachidonic acid.
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relationship between obesity and T2D, and free fatty

Diabetes mellitus is the most common endocrine/
metabolic disorder which is caused by defects in insulin
production, or cells response to insulin (1). Its main
characteristic is hyperglycemia and impaired glucose
tolerance (2). Type2 diabetes (T2D) or non-insulin
dependent diabetes mellitus (NIDDM) occurs in those
aged over 30 years, and those with a family history or
insulin resistance, and accounts for more than 90% of
diabetes cases (3,4). Various factors such as genetics,
aging, obesity, and physical inactivity could increase the
risk of T2D. Mote than 80% of patients with T2D suffer
from obesity and insulin resistance (5).

Several factors have been proposed for such a

acids (FFA) are one of the major candidates. Reaven
and Chen (0) stated for the first time that high plasma
FFA levels ate involved in insulin resistance. Various
studies have investigated the association between plasma
fatty acid concentrations and blood glucose levels in
diabetic patients, and the existence of direct association
has been reported (6-8). It has been supposed that the
accumulation of fatty acids and its derivatives in different
tissues including adipose, liver, and muscle tissues is
a significant cause of insulin resistance (9,10). Several
studies have shown that high intake of polyunsaturated
fatty acids (PUFAs) could improve complications
of diabetes (11,12). It was revealed that PUFAs have
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beneficial effects on diabetes through preventing glucose
exit from the cells via glucose phosphorylation, inhibition
of glycogen synthesis, and oxidation of carbohydrates
(13,14).

Metformin is a Biguanide which increases insulin
sensitivity of liver, muscle, adipose, and other tissues, and
also inhibits glycogenolysis and glucose production by
the liver (15). In addition, it was reported that metformin
reduces low-density lipoprotein (LDL), triglyceride (T'G),
and FFA (16,17). It was documented that metformin
could change plasma levels of FFA in the fasting state and
have no impact on their metabolism and lipolysis (18,19).
While some have reported that part of the metformin
effect on insulin sensitivity is exerted by reducing plasma
FFA levlel (20).

Therapeutic effects of metformin on fatty acid
metabolism have been investigated in several studies.
Some results have indicated that metformin causes an
increase in fatty acid oxidation (21,22), while some have
not obtained such result (23.24). Considering the role of
fatty acids in pathogenesis of T2D, and also antidiabetic
effects of metformin, itislikely that this oral hypoglycemic
agent can improve insulin resistance via increasing fatty
acid oxidation rate and decreasing TG accumulation in
adipose tissues and peripheral blood.

Since the exact therapeutic mechanism of metformin is
not clear and based on our knowledge there is no report
about effects of different doses of metformin on fatty
acid levels in serum, in this study we investigated effects
of different doses of metformin on serum fatty acids in
rats with T2D. The results of present study could clarify
one of the possible metformin therapeutic mechanisms

in T2D.

Materials and Methods

Twenty-five 2-month old adult albino male Wistar rats
(weighing approximately 150-200 g) were purchased from
RAZI Institute, Iran. All rats were fed standard pellet and
fresh water, and were housed under standard conditions
of temperature (25 = 2°C), and humidity (60%—70%)
with 12 hours light/dark cycle. All animal handling and
experimental procedures were performed according to the
guidelines and Ethical Committee Approval was obtained
(Code No. 9309255005). Induction of T2D was done
in 20 rats by streptozotocin (STZ, Amazon, USA) and
nicotinamide (NA, Sigma, Germany) briefly as follows:
rats were intraperitoneally injected with BWT STZ (60
mg/kg) (dissolved in 0.1 M sodium citrate pH 4.5); and
after 15 minutes, they were injected with BWT (120 mg/
kg), then they were injected with NA to prevent beta-
cytotoxic effect of STZ and induction of type 1 diabetes
mellitus (T1D). Co-treatment of STZ with NA causes
T2D induction. To confirm T2D in the rats, their fasting
blood glucose (FBS) was measured with glucometer
(MediSense Optimum TM Xceed, Abott Diabetes Care

Inc., USA) 72 hours after injection of STZ/NA. Rats
with FBS value above 170 mg/ml. were considered
diabetic. Five healthy rats that had been not subjected for
T2D induction were considered as healthy rats (group 1)
and the diabetic rats were randomly divided into 4 groups
as follows: Group 2 consisted of 5 untreated diabetic rats
as control. Groups 3, 4, and 5 consisted of 5 diabetic
rats in each group receiving metformin treatment for 4
weeks with doses of 100, 150, and 200 mg/kg/d. The
blood samples were taken from inferior vena cava and the
serums were separated and stored at -20°C. The weight
of animals was measured before and after induction
of diabetes and treatment with metformin. Insulin was
measured using BLISA kits (ALPCO, USA). Serum
TG levels were assessed 4 weeks after treatment with
metformin using commercial kits (Pars Azmoon kit, Iran)
based on colorimetric method (spectrophotometry).

The Bligh-Dyer method was used to extract serum total
lipids and then the lipids were esterified with methanol
during catalysis with acetyl chloride. After extraction of
fatty acid methyl esters, the composition of fatty acids
was evaluated using previously described method. Briefly,
fatty acid methyl ester derivatives were separated on a
60x0.25-mm Teknokroma TR CN100 column using
a Buck Scientific model 610 gas chromatograph (SRI
Instruments, Torrance, USA) which was equipped with a
split injector and a flame ionization detector and helium
as carrier gas. The oven temperature was increased
from 170°C to 210°C at the rate of 1°C/min and then
maintained stable for 45 minutes. We used tridecanoic
acid (13:0) as the known internal standard which was
injected to identify peak retention times. The levels of
fatty acids were calculated as the percentage of each fatty
acid from the total.

Statistical Analysis

Given that the study was performed on animal models and
all conditions were the same for animals (except desired
intervention), after confirming normal distribution
of data using Kolmogorov-Smirnov test, paramettic
statistical methods were used for data analysis. To
compare quantitative data among different groups, one-
way analysis of variance (ANOVA), following Tukey post
hoc test was used. For comparing quantitative data before
and after the intervention in the same group, paired 7 test
was applied. Pearson correlation coefficient was used to
evaluate possible associations between various factors. P
values < .05 were considered significant. SPSS version
16.0 was used for the statistical analyses.

Results

Our results showed that serum glucose levels of the
T2D group were significantly higher than those of the
healthy rats and diabetic rats receiving various doses of
metformin (P <.05) (Table 1). Blood glucose levels of
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Table 1. Blood Glucose, Insulin and Triglyceride Levels 1 Month After Treatment With Metformin

Groups Healthy Untreated T2D ( 11(';)Dm;/lrge/t d) ( 1-;sz;’\£§ d) (2-:)sz;/7::; d)
Glucose (mg/dL) 150.4+26.14 403.12+£124.06° 242.50+36.04*" 156.50+14.16"° 136+73.18"
Insulin (pU/mL) 7.35+1.64 8.07x1 8.45+1.89 9.76+1.63* 11.07£1.31%bc
Triglyceride (mg/dL) 132.17+30.36 101+21.3 106.60+23.76 122.33+42.39 58.75+18.88%P <4

Healthy: non-diabetic rats; T2D: rats with type 2 diabetes; T2D+Met 100/150/200: rats with type 2 diabetes treated with 100, 150 or 200 mg/kg/d of metformin.
Significant difference (P<.05) in comparison with ¢ healthy group, ®* T2D, < T2D+Met 100 mg/kg/d, ¢ T2D+Met 150 mg/kg/d.

diabetic rats which received 150 and 200 mg/kg/d of
metformin were also statistically lower than the blood
glucose levels of diabetic rats that were treated with 100
mg/kg/d of metformin (P < .05). We found that 1-month
metformin treatment with doses of 150 and 200 mg/
kg/d could reduce blood glucose levels to the levels of
healthy rats (Table 1). Insulin and TG levels in T2D+Met
(200 mg/kg) group were respectively higher and lower in
comparison with healthy, T2D, and T2D+Met (100 mg/
kg) groups (P <.05).

Using gas-liquid chromatography, we could analyze
serum levels of saturated (palmitic acid and stearic acid)
and unsaturated (palmitoleic acid, oleic acid, linoleic
acid, and arachidonic acid) fatty acids. However, the
amounts of other possible types of serum fatty acids
were very low and undetectable. As shown in Table 2,
levels of various serum fatty acids between healthy and
T2D groups were not statistically different and only
monounsaturated fatty acid (MUFA) levels in T2D rats
were lower than those in healthy rats (P < .05). We also
observed that diabetic rats treated with 100 or 150 mg/
kg/d of metformin had higher levels of arachidonic
acid and PUFA in comparison with the healthy group
(P < .05). Moreover, the T2D+Met (150 mg/kg) group
showed increased levels of MUFA in comparison with
the T2D group. Such a difference was seen in levels of
arachidonic acid between the T2D+Met 100 mg/kg and
untreated T2D groups. In the group treated with high
doses of metformin (200 mg/kg/d), levels of palmitic

acid, palmitoleic acid, and SFA were higher and levels of
oleic acid, linoleic acid, arachidonic acid, MUFA, PUFA,
and also SFA/UFA ratio were lower compared with other
metformin treated and untreated groups (P < .05).

The results of correlation analysis between various
fatty acid levels and serum levels of glucose, insulin and
TG and also the rats’ weight are demonstrated in Table
3. There were negative correlations between serum TG
levels and palmitic acid, palmitoleic acid, and SFA, and
also positive correlations between TG concentrations and
oleic acid, linoleic acid, MUFA, and PUFA levels in the
healthy rats. In untreated T2D group, there were positive
correlations between glucose levels and linoleic acid and
PUFA levels (= 0.707, P = .049 and r = 0.726, P = .041
respectively). Arachidonic acid levels were positively
correlated with glucose levels in T2D rats treated with 100
mg/kg/d of metformin (»= 0.969, P = .031). TG levels
in T2D+Met (150 mg/kg/d) were correlated negatively
with stearic acid and SFA and positively with oleic acid,
linoleic acid, and MUFA levels. We found no correlation
between various fatty acid levels and insulin levels in any
of studied groups.

Discussion

Reaven (25) for the first time evaluated association
between lipids and insulin resistance and showed the role
of increased plasma fatty acid in insulin resistance. Studies
also have shown that there is a direct relationship between
plasma levels of fatty acids and blood glucose levels in

Table 2. Fatty Acid Composition of Serum in Healthy and Type 2 Diabetic Rats Treated With Different Doses of Metformin

% Of Total Fatty Acids Healthy Untreated T2D ( 1-5]Dm;/r;/t d) ( 11;)[:“; /A'?;/t d) ( Zzi)Dm;/Al?ge/t d)
16:0 (Palmitic acid) 30.08+17.5 27.02+8.77 16.24+5.99 18.15+11.32 56.01+7.12 ~bcd
18:0 (Stearic acid) 9.97+3.16 13.34+2.33 14.04+3.56 13.11+2.08 9.54+3.69
16:1 (Palmitoleic acid) 2.17+1.42 2+0.76 1.16+0.84 1.28+1.2 4.69+0.39bcd
18:1n-9 (Pleic acid) 31.49+£10.7 21.87+2.58 24.23+6.42 30.09+8.12 12.73+2.44 b d
18:2n-6 (Linoleic acid) 20.68+5.82 25.97+7.89 27.64+7.73 24.79+£5.9 12.07+1.05>b<d
20:4n-6 (Arachidonic acid) 5.57+1.77 9.77+£3.05 14.66+2.55*P 12.55+4.952 4.95+0.81>¢d
SFA 40.06+15.7 40.36+7.53 32.29+3.43 31.26+12.8 65.55+3.7bcd
MUFA 33.67+£9.32 22.88+2.912 25.39+6.76 31.38+7.06" 17.42+2.25%bcd
PUFA 26.26+6.7 35.75+£9.12 42.3+9.39° 37.35+6.48° 17.03+1.86%bcd
SFA/UFA 0.789+0.594 0.703+£0.535 0.48+0.077 0.503+0.315 1.926+0.326*" <4

Healthy, non-diabetic rats; T2D, rats with type 2 diabetes; T2D+Met 100/150/200, rats with type 2 diabetes treated with 100, 150 or 200 mg/kg/d of metformin;
SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; SFA/UFA, ratio of saturated to unsaturated fatty acids.
Significant difference (P<.05) in comparison with ®healthy group, * T2D, < T2D+Met 100 mg/kg/d, ¢ T2D+Met 150 mg/kg/d.
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Table 3. Correlations Between Various Serum Fatty Acid Levels and Levels of Glucose, Insulin and Triglyceride and Also the Rats’ Weight in Studied Groups

Weight Glucose Insulin Triglyceride
r P r P r P r P

Healthy Group

Palmitic acid 0.822 .088 0.722 168 0.549 338 -0.915 .03
Stearic acid -0.724 166 -0.554 333 -0.852 .067 0.292 633
Palmitoleic acid 0.859 .063 0.614 271 0.480 A14 -0.912 .031
Oleic acid -071 179 -0.590 295 -0.326 .592 0.982 .003
Linoleic acid -0.849 .069 -0.717 173 -0.501 .390 0.879 .048
Arachidonic acid -0.436 463 -0.721 169 -0.674 212 0.440 458
SFA 0.77 128 0.693 194 0.44 A58 -0.961 .009
MUFA -0.684 203 -0.583 .302 -0.301 .623 0.988 .002
PUFA -0.853 .066 -0.814 .093 -0.613 271 0.878 .049
T2D Group
Palmitic acid -0.694 .056 -0.613 .106 0.12 777 -0.220 .600
Stearic acid 0.478 231 0.213 613 0.255 .543 -0.253 .545
Palmitoleic acid -0.756 .51 -0.705 .051 -0.159 .707 -00.168 691
Oleic acid 0.142 737 -0.463 248 -0.107 .800 0.485 223
Linoleic acid 0.422 298 0.707 .049 -0.193 .648 0.173 .683
Arachidonic acid 0.608 110 0.343 406 0.090 .832 0.01 .981
SFA -0.66 .75 -0.648 .082 0.218 .603 -0.335 418
MUFA -0.072 .865 -0.597 118 -0.137 746 -0.388 343
PUFA 0.568 142 0.726 .041 -0.136 747 0.153 718
T2D+Met 100 Group
Palmitic acid 0.344 571 -0.118 .882 -0.373 .536 0.586 .300
Stearic acid -0.137 .826 -0.357 .643 0.435 464 -0.664 222
Palmitoleic acid 0.36 .552 0.04 .960 -0.337 .579 0.664 222
Oleic acid -0.408 495 -0.411 .589 -0.811 .095 0.252 .683
Linoleic acid 0.022 972 0.34 .660 0.524 .365 -0.190 .759
Arachidonic acid 0.226 715 0.969 .031 0.833 .080 -0.722 168
SFA 0.458 438 -0.523 477 -0.2 747 0.333 .584
MUFA -0.343 .572 -0.389 611 -0.812 .095 0.321 .598
PUFA 0.079 .899 0.465 .535 0.658 228 -0.353 .560
T2D+Met 150 Group
Palmitic acid 0.285 .584 -0.264 613 0.128 .810 -0.750 .086
Stearic acid -0.162 .759 -0.387 449 0.441 381 -0.943 .005
Palmitoleic acid 0.406 424 -0.057 914 0.160 762 -0.679 138
Oleic acid -0.117 .826 0.392 442 -0.354 491 0.896 .016
Linoleic acid 0.190 718 0.576 232 -0.356 489 0.938 .006
Arachidonic acid -0.717 .109 -0.549 259 0.488 326 -0.311 .549
SFA 0.226 .667 -0.297 .568 0.185 726 -0.817 .047
MUFA -0.065 .903 0.441 .381 -0.380 457 0.915 011
PUFA -0.375 464 0.105 .844 0.049 926 0.616 193
T2D+Met 200 Group
Palmitic acid 0.950 202 -0.901 .285 -0.889 .302 -0.905 .280
Stearic acid -0.830 377 0.985 a1 0.732 A77 0.756 455
Palmitoleic acid -0.011 993 -0.686 519 0.167 .893 0.132 915
Oleic acid -0.823 .385 0.987 103 0.724 485 0.748 462
Linoleic acid -0.893 297 0.331 .785 0.952 197 0.941 219
Arachidonic acid -0.899 289 0.344 777 0.956 .189 0.946 211
SFA 0.999 29 -0.751 459 -0.98 128 -0.986 .106
MUFA -0.896 293 0.953 195 0.816 392 0.835 .37
PUFA -0.896 294 0.337 .781 0.954 194 0.943 216

Healthy, non-diabetic rats; T2D, rats with type 2 diabetes; T2D+Met 100/150/200, rats with type 2 diabetes treated with 100, 150 or 200 mg/kg/d of metformin;
SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; SFA/UFA, ratio of saturated to unsaturated fatty acids.
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diabetic patients (6,7,26). Due to the lack of information
about effects of T2D and also administration of
metformin on serum levels of saturated and unsaturated
fatty acids, in this study we examined the influence of
T2D and also the effect of treatment with metformin at
doses of 100, 150 and 200 mg/kg/d on serum fatty acids
in rats.

Our results showed that treatment with metformin at
doses of 150 and 200 mg/kg/d reduced blood glucose
levels up to normal range in T2D rats, but 1-month
treatment with dose of 100 mg/kg/d could not bring
blood glucose levels back down to normal, although
the glucose levels were lower than those in diabetic rats
without treatment. It is likely that one of the metformin
mechanisms in reducing blood glucose is increasing
insulin production and secretion, as we have seen higher
insulin levels in T2D rats treated with metformin at
doses of 150 and 200 mg/kg/d compared with healthy
and untreated T2D rats. However, some previous studies
have demonstrated that metformin further increases the
insulin sensitivity instead of insulin levels (27,28). Such
an effect of metformin can probably be seen in our
studied low-dose group (100 mg/kg/d) because in this
group the levels of glucose were lower than those in
the untreated T2D group, while insulin levels were not
significantly different between 2 groups. It seems that
metformin at low doses decreases blood glucose level via
some ways other than inducing insulin secretion (maybe
via increasing insulin sensitivity); but at high doses, it can
also increase the insulin levels. Though, to arrive at such
a conclusion, further studies with long-term metformin
treatment are required.

On the other hand, we found that in T2D rats
metformin at low doses (100 and 150 mg/kg/d) could
not reduce serum TG levels; but at dose of 200 mg/kg/d,
it significantly reduced amounts of TG, which could be
another glucose-lowering mechanism of metformin.
Reducing TG amounts in pancreatic beta cells with
insulin resistance due to addition of metformin at a
medium level has been reported which could confirm our
results (29). Similar animal studies on rats with genetica
T2D (ZDF rats) have demonstrated reduction of TG
levels in Langerhans islets (30,31). Consistent results
were also documented from human studies (32). Failure
of low doses of metformin (100 and 150 mg/kg/d) in
reducing TG levels in our study possibly was due to the
short duration of treatment (1 month).

Our results showed that short-term treatment of T2D
significantly decreases only serum amounts of MUFA in
rats. In a study, it was found that the amounts of palmitic,
steatic and oleic acids were higher and also levels of
arachidonic and linolenic acids were lower in the liver and
kidneys of diabetic mice compared with normal mice
(33). In the present study, it was found that treatment
with metformin at doses of 100 and 150 mg/kg/d

increased arachidonic acid levels, and also metformin
doses of 150 mg/kg/d could increase MUFA levels and
thus metformin could compensate the effect of diabetes
on serum fatty acids. On the other hand, high dose of
metformin (200 mg/kg/d) increased SFA/UFA ratio
by decreasing the amounts of PUFA and MUFA and
increasing SFA. In a previous study on non-diabetic obese
subjects with insulin resistance, no significant changes
were seen in fatty acids of serum phospholipids and TG
following short period metformin therapy (32). Although
in a study on diabetic mice, it was reported that metformin
treatment could reduce the amounts of palmitic, stearic
and oleic acids and increase levels of arachidonic and
linolenic acids in liver and kidney (33). Moteover, other
studies have shown reduction in plasma FFA level in
patients treated with metformin (18,34). Association of
insulin action with fatty acid levels of phospholipids in
serum and red blood cells has been documented (35).
Considering our findings and previously reported results
about existence of positive correlation between levels
of saturated fatty acids, such as palmitic acid and insulin
resistance (30), it could be concluded that metformin at
high doses has a negative effect on insulin resistance via
increasing saturated fatty acid levels. Moreover, the levels
of insulin in the T2D rats receiving 200 mg/kg/d of
metformin were higher than those in other groups which
could be considered as compensatory response against
increased insulin resistance. Because of the contradictory
results obtained from previous studies, the results of
present study are difficult to interpret. For example, in
a study it was mentioned that even unsaturated fatty
acids, especially palmitoleic, oleic and linoleic acids could
induce insulin resistance and none of unsaturated fatty
acids could improve insulin resistance (37). Therefore
based on this report, it can be concluded that reduction
of unsaturated fatty acid levels in our study following
administration of 200 mg/kg/d of metformin could
also improve insulin resistance. Furthermore, due to the
increasing effects of 100 and 150 mg/kg/d of metformin
on PUFA (arachidonic acid) which were seen in our study,
maybe these doses were not enough to improve insulin
resistance via fatty acid reduction. While in another study,
it was indicated that oral administration of unsaturated
fatty acids, especially omega-3 improves insulin resistance
in diabetic rats (38). Finally it could be postulated that
although short-term treatment of metformin at high
doses decreases blood glucose and increases insulin levels
but the levels of both serum saturated and unsaturated
fatty acids change in favor of insulin resistance. On the
contrary, short duration treatment with lower doses of
metformin increases unsaturated fatty acids maybe in favor
of insulin sensitivity. However, it has been documented
that in therapeutic doses, metformin induces intracellular
signaling via activating AMP dependent protein kinase
(AMPK), which ultimately inhibits the synthesis and
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stimulates the oxidation of fatty acids (21). This process
in long term could induce fatty acid uptake from plasma
(39), so it seems further study with long term treatment
is needed to clarify effects of metformin on serum fatty
acids.

The present study has several limitations which would
be considered in future investigations; first, we did
not evaluate effects of very low doses of metformin.
Secondly, in the present study we examined serum total
fatty acids and it would be better to investigate fatty acids
of phospholipids as well. Thirdly, our studied animals
did not have long history of T2D and also we just
administrated metformin for short period (1 month).

In conclusion, our study showed that high dose of
metformin is more effective in reducing blood glucose
and insulin levels. It was also found that different doses
of metformin could have different effects on serum levels
of saturated and unsaturated fatty acids, as 200 mg/kg/d
of metformin could increase and decrease saturated and
unsaturated fatty acids respectively, while lower doses
increased unsaturated fatty acids, particularly arachidonic
acid.
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