Niger. J. Physiol. Sci. 32(June 2017) 47-54 Niger. ). Physiol. Sci.
WWW.Njps.com.ng ’ !

Metformin Effects are Augmented by Chronic Intermittent
Cold Stress in High Fat Diet Fed Male Wistar Rats
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Summary: This study investigated the effects of metformin on some glucose regulatory indices in high fat diet (HFD) fed
male Wistar rats exposed to room temperature and chronic intermittent cold stress (CICS). Thirty rats were randomly divided
into 5 groups. Group 1(control) was maintained on standard rat chow while groups 2—-5 were maintained on HFD for 8weeks
respectively prior to experimental procedures. Control, group 2(HFD untreated) and group 3(HFD+metformin (250mg/kg)
were exposed to room temperature while groups 4(HFD untreated+CICS) and 5(HFD+CICS+metformin) were exposed to
CICS for 21days. Blood glucose was monitored before initial exposure to HFD and on days 1,7,14 and 21 respectively.
Blood samples (5mls) were thereafter collected by cardiac puncture following light ether anaesthesia, serum was obtained
and analysed for insulin, cortisol, and lipid profile using laboratory kits. Pancreatic p-cell function and insulin resistance
were estimated using the Homeostasis Model Assessment equations. It was observed that blood glucose reduced significantly
in groups 2-4 on day21 compared to dayl values. At day 21 post-treatment, insulin level and insulin resistance were increased
while cholesterol levels were reduced in all HFD groups compared to control. Cortisol was increased in group 2 but reduced
in groups 3-4 compared to control. HDL was reduced in groups 2-3 while liver glycogen was increased in groups 2, 3 and 5
compared to control. Beta cell function and muscle glycogen were increased while LDL and triglyceride were reduced in
groups 2-4 compared to control. In conclusion, metformin ameliorates high-fat diet (HFD) induced impairment of glucose
and lipid regulatory indices by facilitating an increase in the storage of glycogen in the liver and muscle. Chronic intermittent
cold stress exposure in HFD rats does not ameliorate insulin resistance but reduces impaired glucose and lipid regulatory
indices likely through an increase in adaptive thermo-genic mechanisms. The actions of metformin in reducing stressful
stimulus and preventing pre-diabetes syndrome in HFD fed rats are augmented by exposure to chronic intermittent cold
stress.
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INTRODUCTION (Smith, 1984; Torsoni et al., 2003). It is therefore
likely that increased food ingestion and lower blood
leptin level during cold exposure may predispose to
increased body weight, obesity and the metabolic
syndrome.

Metformin, a frontline drug of choice in the
management of diabetes mellitus, has been described
as an effective drug to reduce weight in insulin
sensitive and/or insulin resistant overweight as well as
obese individuals (Bray and Greenway, 2007; Seifarth
et al., 2013). It is known to act by decreasing the
glucose output from the liver and increasing insulin
sensitivity of body tissues. Whether this action of
metformin is impaired or augmented by exposure to
chronic intermittent cold stress is however unknown.

Increased urbanisation in most countries around the
world has affected the quality and quantity of dietary
intake leading to an increase in the consumption of
high-fat and high-energy dense food substances
(Swinburn et al., 2004). When combined with the
increased exposure to chronic intermittent cold stress

Exposure to cold in mammals elicits behavioural and
physiological responses that minimize heat dissipation
(e.g. vasoconstriction, huddling) and increase heat
generation (e.g. shivering, activation of brown adipose
tissue [BAT]) (Gordon, 2012). In addition to heat
production during cold exposure, growing evidence
suggests BAT may contribute to healthy metabolism
in human (Lee et al., 2013). Studies have also shown
that during cold exposure there is a tissue-specific
regulation of the insulin-signalling pathway, which
seems to favour heat-producing BAT and increase
glucose uptake by muscle as well as white adipose
tissue via an insulin independent pathway (Gasparetti
et al., 2003). Cold exposure has also been reported to
lead to increased food ingestion (Ohtani et al., 1999;
Torsoni et al., 2003), lower blood leptin levels
(Torsoni et al., 2003), higher blood catecholamine
levels (Gabaldon et al 1995) and a transitory increase
in blood thyroid-stimulating hormone (TSH), non-
esterified fatty acids (NEFA) and corticosterone levels
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(CICS) through daily exposure to air conditioning
units in the working environment, this change in
dietary conditions is often accompanied by reduced
physical activities and a sedentary lifestyle, which may
predispose people to obesity, the metabolic syndrome
and diabetes mellitus (Swinburn et al., 2004).
However, there is dearth of information on the exact
effects of chronic intermittent cold stress and high-fat
dietary consumption on glucose regulatory indices.
Furthermore, whether the actions of metformin — a
drug known to help control body weight and stabilize
glucose level (Seifarth et al., 2013) — would be
impaired or augmented in conditions of both high-fat
dietary consumption and chronic intermittent cold
stress is also yet to be investigated.

In this regard, this study investigated the effect of
chronic intermittent cold stress on some glucose
regulatory indices (body weight, blood glucose level,
lipid profile, liver and muscle glycogen, cortisol,
insulin, pancreatic beta cell function and insulin
resistance) in Wistar rats. This study also assessed the
likely hood of metformin in reversing the effects of
high-fat diet alone and high-fat diet as well as CICS on
the above listed glucose regulatory indices in Wistar
rats.

MATERIALS AND METHODS

Experimental animals and grouping
Thirty (30) male Wistar rats (79 - 84g) were housed in
standard, well aerated laboratory cages and maintained
at 27+£3° with 12-h light-dark cycles. They were
initially fed for one week on standard rat chow from
Ladokun Feeds, Nigeria (carbohydrate 67%, protein
21%, fat 3.5%, fibre 6%, calcium 0.8%, phosphorus
0.8%) and allowed free access to drinking water in
accordance with the regulation and ethics regarding
use of animals in the University of Ibadan. Thereafter,
the animals were randomly divided into 5 groups of 6
animals each. Group 1 (control) was further fed on
standard rat chow (Ladokun Feeds, Nigeria) while
groups 2 -5 were fed on high-fat diet (HFD) (maize
19.1%, soya 19.1%, groundnut cake 19.1%, wheat
5.8%, fish meal 9.6%, calcium and phosphorus 1.9%,
lysine 0.38%, methionine 0.38%, premix 0.76%, salt,
0.76%, lard 23%) and allowed free access to drinking
water for 8weeks prior to experimental procedures.
Chronic intermittent cold stress (CICS) was induced
using a modification of the method described by Dai et
al., (2014) and Wang et al., (2015). In brief, rats were
transported in their home cages, with food, water and
bedding, into a temperature-controlled chamber and
exposed to 4°C for 1 hour (from 9 am to 10 am daily)
and returned to the housing facility. The experiment
lasted for 21 consecutive days. Group 1 (control) was
fed on standard rat chow only and maintained at
normal room temperature. Group 2 (HFD untreated)
animals were maintained on HFD and exposed to
normal room temperature. Animals in groups 1 and 2
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were not given any treatment. Group 3 (HFD +
metformin) animals were maintained on HFD,
exposed to room temperature and orally treated daily
with metformin (250mg/kg). Animals in group 4 (HFD
+ CICS) were maintained on HFD and exposed to
CICS while animals in group 5 (HFD + CICS +
metformin) were maintained on HFD, exposed to
CICS and treated daily orally with metformin
(250mg/kg). All animals were allowed free access to
drinking water throughout the duration of the study.

Biochemical and Hormone analysis

Base-line blood samples were obtained in all groups
before experimental procedures using the tail tipping
method for glucose analysis. Blood samples were also
obtained after high-fat dietary feeding for 8 weeks.
This reading served as day 1 reading for the study.
Thereafter blood glucose level was assessed on days 7,
14 and 21 respectively. The glucose level was assessed
using an Accu-Check active glucometer (Tack et al.,
2012) (Roche, Germany), based on the glucose
oxidase method (Barham and Trinder, 1972). On day-
21 post exposure to CIC, blood samples were obtained
by cardiac puncture (after light di-ethyl ether
anaesthesia) into plain sample tubes. The blood was
allowed to stand at room temperature and thereafter
centrifuged at 3000 rpm for ten minutes to isolate the
serum. The serum samples were analysed for cortisol
(BioVision, USA) and insulin concentration
(CALBIOTECH, USA) using enzyme-linked
immuno-absorbent assay (ELISA) Kkits. Serum
cholesterol, high density lipoprotein (HDL), and
triglycerides were determined by enzymatic
procedures also using BIOLAB kit (France), while low
density lipoprotein (LDL) was estimated using
Friedewalds equation (Friedewald et al., 1972;
Warnick et al., 1990).

Determination of liver and muscle glycogen

The liver and muscle glycogen content was determined
by reacting fresh liver or muscle homogenate with
anthrone reagent to form a blue-coloured solution that
was read with a spectrophotometer at 630nm. The
reading obtained was compared with that of known
glycogen standards on a line graph to determine the
actual glycogen concentration in each sample (Seifer
et al., 1950; Jermyn, 1975).

Determination of insulin resistance and pancreatic
beta cell function

The Homeostasis Model Assessment for Insulin
Resistance (HOMA-IR) and Pancreatic Beta Cell
Function (HOMA-B) were determined mathematically
using the following equations (Mathews et al., 1985):

HOMA-IR = Insulin (uU/mll;{SGlucose (mg/dl)

360 x Insulin (LU/ml)

Glucose (%)—63

HOMA-B =
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Statistical Analysis

Data were analyzed using One-way ANOVA while
Newman-Keuls” Post-hoc test was used to
establish the statistical significance at P<0.05. Data
were computed using Graph Pad Prism statistical
software (5.04).

RESULTS

Body Weight Assessment in Control and
Experimental Groups

Body weight (g) in group 1 (Control) was 171.1%
increased after 8weeks of feeding on standard rat chow
(Day 1) compared to their initial body weight
(83.4+4.5 vs 226.6+8.3). Body weight values obtained
in groups 2 (HFD untreated) (258.4+6.4), 3 (HFD +
metformin) (262.8+6.1), 4 (HFD untreated + CICS)
(237.0£13.4) and 5 (HFD + CICS + metformin)
(263.246.2) were 225.8%, 213.6%, 164.63% and
220.2% increased respectively after 8 weeks of HFD
feeding (Day 1) compared to their initial body weight
(79.0+4.4,83.8+£3.0, 82.0+4.2 and 82.2+3.1) (Table 1).
On day 21 after experimental procedures, animals in
control group exhibited a 3.0% increase in body
weight when compare to their corresponding day 1
values while body weight values obtained in groups 2,
3, and 4 exhibited a 4.2%, 4.0% and 5.6% increase in
body weight respectively compared to their

corresponding day 1 values. Body weight values
obtained in group 5 showed a 7.1% reduction in body
weight compared to their corresponding day 1 values
(Table 1).

Assessment of Fasting Blood Glucose Level in
Control and Experimental Groups

Blood glucose level (mg/dl) remained relatively
constant in the control group throughout the duration
of the study (78.5+3.2 vs. 74.0+ 5.2). Significant
increase in fasting blood glucose level was observed
after 8 weeks of HFD feeding (Day 1) in groups 2 — 5
with values obtained being 21.5% (91.7+1.8 vs.
75.5£3.6), 13.1% (90.6x2.5 vs. 79.2+4.0), 48.9%
(102.0+2.6 vs. 68.5+4.8) and 31.6% (94.5+5.1 vs.
71.8+£3.7mg /dl) increased respectively compared to
their initial fasting blood glucose values (Table 2).
Within the groups, fasting blood glucose values
obtained on day 21 after experimental procedures in
groups 2,3 and 4 where 10.3%, 16.6% and 10.9%
reduced respectively while values in group 5 were
6.7% increase compared to their corresponding day 1
values. Between the groups, blood glucose values in
groups 2 (82.3£1.7), 4 (91.0+ 4.0) and 5 (100.8+5.6)
were increased while values in group 3 (75.6x 1.0)
were comparable to controls (74.0+ 5.2) on day
21(Table 2).

Table 1: Body weight changes in control and experimental groups

Body weight (q) |
Initial BW Day 1 Day 7 Day 14 Day 21
Control 83.4+45 226.6 +8.3 230.8+8.7 233.8+8.9 233.4+84
HFD untreated 79.0+44 258.4 + 6.4* 256.8 + 7.0* 254.6 +8.1* 269.2 +10.1*
HFD + Metformin 83.8+3.0 262.8+6.1* 262.8 + 6.5* 262.2+7.0* 273.4 + 6.6*
HFD + CICS 82.0+4.2 237.0+13.4* 230.6 +13.8 242.0+12.0 250.2 + 12.6*
HFED + Metformin + CICS | 82.2+3.1 263.2 + 6.2* 263.2 +4.4* 234.4+5.6 2444+ 6.3

Values are mean+SEM. * indicates values that are significantly different from control values. Initial BW = initial body
weight before initial exposure to either normal diet (groupl) or high fat diet (group 2 —5) for 8 weeks respectively. Control
= Normal rats maintained on normal diet and temperature. HFD untreated = Untreated high-fat diet fed rats exposed to room
temperatures. HFD + Metformin = Metformin treated high-fat diet fed rats exposed to room temperature. HFD + CICS=
Untreated high-fat diet fed rats exposed to chronic intermittent cold stress (4°C for 1lhour daily for 21 days). HFD +
Metformin + CICS = Metformin treated high-fat diet fed rats exposed to chronic intermittent cold stress (4°C for 1hour daily

for 21 days).

Table 2: Blood glucose level in control and experimental groups

Blood glucose level (mg/dl)
Initial BG Day 1 Day 7 Day 14 Day 21
Control 785+3.2 744+71 77.6+43 81.6+3.9 74.0+52
HFD untreated 75.5+3.6 91.7+18 87.2+1.7 81.3+138 823+1.7°
HFD + Metformin 79.2+4.0 90.6+25 74.6+34 81.8+28 75.6 +1.0°
HFD + CICS 68.5+4.38 102.0+2.6 69.4+2.3 92351 91.0 + 4.0*°
HFD + Metformin + CICS 71.8+3.7 945+5.1 62.0+3.9 88.8+17 100.8 + 5.6*

Values are mean+SEM. * indicates values that are significantly different from control values. P indicates values that are
significantly different from their corresponding day 1 values within the group. Initial BG = initial fasting blood glucose level
before initial exposure to either normal diet (groupl) or high-fat diet (group 2 — 5) for 8 weeks respectively. Control = Normal
rats maintained on normal diet and temperature. HFD untreated = Untreated high-fat diet fed rats exposed to room
temperatures. HFD + Metformin = Metformin treated high-fat diet fed rats exposed to room temperature. HFD + CICS =
Untreated high-fat diet fed rats exposed to chronic intermittent cold stress (4°C for lhour daily for 21 days). HFD +
Metformin + CICS = Metformin treated high-fat diet fed rats exposed to chronic intermittent cold stress (4°C for 1hour daily

for 21 days).

Metformin augments cold stress effects in high fat diet fed rats

49



Niger. J. Physiol. Sci. 32 (2017): Ige et al

20

B

E
E]‘; T
3 I
=
g =

o =

3 4 5

Treatment Groups

Fig. 1. Cortisol level in control and experimental groups.
Values are mean = SEM. * indicates values that are
significantly different from control values. P indicates values
that are significantly different from group 2 (HFD untreated
group). Group 1 (Control) = Normal rats maintained on
normal diet and temperature. Group 2 (HFD untreated) =
High-fat diet untreated rats exposed to room temperatures.
Group 3 (HFD + Metformin) = Metformin treated high-fat
diet fed rats exposed to room temperature. Group 4 (HFD +
CICS) = High fat diet untreated rats exposed to chronic
intermittent cold temperatures (4°C for lhour daily for 21
days). Group 5 (HFD + Metformin + CICS) = Metformin
treated high-fat diet fed rats exposed to chronic intermittent
cold temperatures (4°C for 1hour daily for 21 days).

Insulin (uIU/ml)

1 2 3 4 5
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Fig. 2. Insulin level in control and experimental groups. *
Indicates values that are significantly different from control
values. P indicates values that are significantly different
from group 2 (HFD untreated group). Group 1 (Control) =
Normal rats maintained on normal diet and temperature.
Group 2 (HFD untreated) = High-fat diet untreated rats
exposed to room temperatures. Group 3 (HFD + Metformin)
= Metformin treated high fat diet fed rats exposed to room
temperature. Group 4 (HFD + CICS) = High-fat diet
untreated rats exposed to chronic intermittent cold
temperatures (4°C for lhour daily for 21 days). Group 5
(HFD + Metformin + CICS) = Metformin treated high-fat
diet fed rats exposed to chronic intermittent cold
temperatures (4°C for lhour daily for 21 days).

Assessment of Cortisol and Insulin Level in Control
and Experimental Groups

Cortisol values (ng/ml) were significantly increased in
group 2 (HFD untreated) (20.5%1.5), reduced in
groups 3 (11.3+1.6) and 4 (HFD untreated + CICS)
(13.8+1.0) compared to control (17.2+1.3). Cortisol
values in group 5 (16.0+1.8) were comparable to
control (17.2+1.3) (Fig 1). Insulin levels (pIU/ml)
were increased in groups 2 (15.5+1.6, 3 (13.0£1.4), 4
(15.0+¢1.1) and 5 (8.7+1.2) compared to control
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Insulin resistance (HOMA-IR)
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Fig. 3. Insulin resistance in control and experimental groups
* Indicates values that are significantly different from
control values. P indicates values that are significantly
different from group 2 (HFD untreated group). Group
(Control) = Normal rats maintained on normal diet and
temperature. Group 2 (HFD untreated) = High-fat diet
untreated rats exposed to room temperatures. Group 3 (HFD
+ Metformin) = Metformin treated high-fat diet fed rats
exposed to room temperature. Group 4 (HFD + CICS) =
High-fat diet untreated rats exposed to chronic intermittent
cold temperatures (4°C for 1hour daily for 21 days). Group
5 (HFD + Metformin + CICS) = Metformin treated high-fat
diet fed rats exposed to chronic intermittent cold
temperatures (4°C for lhour daily for 21 days)

Table 3: Liver and muscle glycogen level in control and
experimental groups

Liver glycogen |Muscle glycogen
(mg/100g fresh | (mg/100g fresh
liver wt.) muscle wt.)

Control 136.2+ 5.4 383.8 + 20.5
HFD untreated 156.2 + 5.4* 517.5 +14.8*
HFD + Metformin 196.4 +8.0*°  560.0 + 19.8*
HFD + CICS 130.0£5.4 545.8 + 14.5*
HFD + Metformin + CICS [163.0 + 5.5* B370.7 + 15.6°

Values are meantSEM. * indicates values that are
significantly different from control values. ” indicates values
that are significantly different from group 2 (HFD untreated
group). Control = Normal rats maintained on normal diet
and temperature. HFD untreated = Untreated high-fat diet
fed rats exposed to room temperatures. HFD + Metformin =
Metformin treated high-fat diet fed rats exposed to room
temperature. HFD + CICS= Untreated high-fat diet fed rats
exposed to chronic intermittent cold stress (4°C for lhour
daily for 21 days). HFD + Metformin + CICS = Metformin
treated high-fat diet fed rats exposed to chronic intermittent
cold stress (4°C for 1lhour daily for 21 days).

(4.0£0.2) (Fig. 2). Insulin values obtained for group 5
were, however, significantly reduced compared to
groups 2, 3 and 4 respectively (Fig. 2).

Pancreatic Beta cell function and Insulin
Resistance in Control and Experimental Groups
Insulin resistance (HOMA-IR units) was increased in
groups 2 (HFD untreated) (3.15+0.01), 3 (HFD +
metformin) (2.42+0.01), 4 (HFD untreated + CICS)
(3.37£0.02) and 5 (HFD + CICS + metformin)
(2.17+0.03) respectively compared to control

50



Niger. J. Physiol. Sci.

Table 4: Lipid profile in control and experimental groups
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Lipid Profile
High density Low density Cholesterol Triglyceride

lipoprotein (mg/dl) lipoprotein (mg/dl) (mg/dl) (mg/dl)
Control 13.4+24 64.3+5.7 725+39 77754
HFD untreated 6.9 +0.9* 48.5 +5.0* 54.7 +3.7* 55.3 +5.5*
HFD + Metformin 9.6+1.3° 42.6 +3.7* 545+ 4.1* 52.2 +3.3*
HFD + CICS 11.0+15° 322737 58.0 + 3.2* 43.2+6.1*
HFD + Metformin + CICS 125+0.9 65.5+6.07 62.3+4.0 75.6+6.9°

Values are mean+SEM. * indicates values that are significantly different from control values. P indicates values that are
significantly different from group 2 (HFD untreated). Control = Normal rats maintained on normal diet and temperature.
HFD untreated = Untreated high fat diet fed rats exposed to room temperatures. HFD + Metformin = Metformin treated high-
fat diet fed rats exposed to room temperature. HFD + CICS= Untreated high-fat diet fed rats exposed to chronic intermittent
cold stress (4°C for 1hour daily for 21 days). HFD + Metformin + CICS = Metformin treated high-fat diet fed rats exposed
to chronic intermittent cold stress (4°C for 1hour daily for 21 days).
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Fig. 4. Pancreatic beta cell function control and
experimental groups * Indicates values that are significantly
different from control values. P indicates values that are
significantly different from group 2 (HFD untreated group).
Group 1 (Control) = Normal rats maintained on normal diet
and temperature. Group 2 (HFD untreated) = High-fat diet
untreated rats exposed to room temperatures. Group 3 (HFD
+ Metformin) = Metformin treated high-fat diet fed rats
exposed to room temperature. Group 4 (HFD + CICS) =
High-fat diet untreated rats exposed to chronic intermittent
cold temperatures (4°C for 1lhour daily for 21 days). Group
5 (HFD + Metformin + CICS) = Metformin treated high-fat
diet fed rats exposed to chronic intermittent cold
temperatures (4°C for Lhour daily for 21 days).

(0.73+0.03). However, values obtained in group 3 and
5 were significantly reduced compared to group 2 and
4 respectively (Fig. 3). Pancreatic beta cell function
(HOMA- B units) was increased in groups 2 (113.2%),
3 (183.2%) and 4 (47.4%) while group 5 values were
reduced (36.4%) compared to control. Beta cell
functions in group 4 and 5 were reduced compared to
groups 2 and 3 respectively (Fig. 4).

Liver and Muscle glycogen content in Control and
Experimental Groups

Liver glycogen content (mg/100g fresh liver weight)
was significantly increased in groups 2 (HFD
untreated) (156.2+5.4), 3 (HFD + metformin)
(196.4+8.0) and 5 (HFD + CICS + metformin)
(163.0+5.5) compared to control (136.2+5.4). Values
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obtained in group 4 (HFD+CICS) were comparable to
controls (136.2+5.4) (Table 3). Muscle glycogen
content (mg/100g fresh muscle weight) was
significantly increased in groups 2 (517.5+14.8), 3
(560.0+19.8), and 4 (545.8+14.5) compared to control
(383.8+£20.5). Values obtained in group 5 (370.7£15.6)
were comparable to controls (383.8+20.5) (Table 3).

Lipid profile in Control and Experimental Groups
Significant reduction in high density lipoproteins
(HDL) was observed in groups 2 (HFD untreated)
(6.9£0.9mg/dl) and 3 (HFD+metformin)
9.6+1.3mg/dl) while values obtained in groups 4 (HFD
untreated + CICS) (11.0 £ 1.5mg/dl) and 5 (HFD +
CICS + metformin) (12.5+0.9mg/dl) were comparable
to control (13.4+2.4mg/dl) (Table 4). Significant
reductions in low density lipoprotein (LDL) (mg/dl)
and triglyceride (mg/dl) values were also observed in
groups 2(48.5+5.0; 55.3+5.5), 3 (42.6+3.7; 52.2+3.3)
and 4 (32.2+7.3; 43.2+6.1) while values in group 5
(65.5+6.0; 75.6+£6.9) were comparable to control
(64.3£5.7; 77.7+5.4). Cholesterol level in groups 2
(24.6%), 3 (24.8%), 4 (20%) and 5 (14.1%) were
significantly reduced compared to control (62.3+4.0
mg/dl) (Table 4).

DISCUSSION

This study shows that feeding on high fat diet (HFD)
in animals causes an increase in body weight, elevated
blood glucose level, increased beta cell function,
increased insulin secretion and increased insulin
resistance which may predispose to the development
of metabolic syndrome, obesity and type 2 diabetes if
untreated. This is in accordance with the report of de
Wilde et al, (2009) who suggested that these
observations in the HFD fed rats might be due to an
increase in energy intake and a reduction in the
metabolic rate of the animals. According to Ashcroft
and Rorsman (2012), the effects of free fatty acid
(FFA) arising from HFD on beta cell function are time
dependent. Short-term exposure to FFA increases
glucose stimulated insulin secretion (GSIS), which
results in increased insulin secretion following a mixed
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meal and enables storage of excess calories as fat,
which contributes to overweight and obesity (Ashcroft
and Rorsman, 2012). Free fatty acid has thus been
reported to account for the compensatory increase of
beta cell function in response to insulin resistance
Stefanovski et al., 2011). It is therefore likely that the
increase in insulin output and beta cell function in the
HFD treatment groups may be attributed to
overproduction of insulin from the pancreatic p cells
in order to compensate for insulin resistance as has
been reported to occur in the pre-diabetes state (Cerf,
2013; NIDDK, 2014). Furthermore, the observed
elevated blood glucose level and hyperinsulinemia
may also be attributed to increased HFD consumption
which has been reported to cause nuclear exclusion
and reduced expression of the transcription factors
(Forkhead Box A2 (FOXAZ2) and hepatocyte nuclear
factor 1 homeobox A (HNF1A) as well as a deficiency
of GnT-4a glycosyltransferase expression in beta cells
that results in hyperglycaemia, impaired glucose
tolerance, hyperinsulinemia, hepatic steatosis and
diminished insulin action in muscle and adipose
tissues (Ohtsubo 2011). Interestingly, lipid profile
observed in the HFD untreated rats in this study
showed reductions in HDL, LDL, triglycerides and
cholesterol at the end of the study despite an increase
in body weight and blood glucose level, an observation
that is at variance with other studies (Flatt et al., 1985;
Jiaetal., 2013) but is in accordance with the report of
Zhukova et al., (2014) who reported increased levels
of total cholesterol, triacylglycerols, LDL cholesterol,
and very low density lipoprotein (VLDL) cholesterol
in rats after 30 days of high-fat feeding which at 90
days showed a reduction in triacylglycerols and VLDL
cholesterol level as well as elevated HDL levels. Lipid
profile was assessed at the end of the experimental
period and not intermittently; therefore, the exact
effect of the hyperlipidemic diet on serum lipid profile
may be considered obscured in this study. However,
the values obtained at the end of the study show an
increase in HDL levels in the metformin treated HFD,
HFD cold stressed and metformin treated HFD-cold
stressed groups respectively compared to control
which in accordance with the report of Zhukova et al.,
(2014).

Exposure to cold has been observed to increase
sympathetic tonus, resulting in reduced insulin
secretion by pancreatic islets (Gasparetti et al., 2003)
augmentation of BAT metabolic activity (Scarpace et
al., 1996; Puigserver et al., 1998) and an increase in
glucose uptake by white adipose tissue (Moreno-
Aliaga et al., 2002). Exposure of HFD rats to chronic
intermittent cold stress (CICS) at the end of this study
reduced blood glucose level compared to day 1 but not
control. It also reduced pancreatic beta function but did
not ameliorate insulin resistance caused by high-fat
diet feeding. Furthermore, liver glycogen level in cold
stressed HFD untreated rats was not significantly
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different from control. It is likely that the in increased
blood glucose level may be due to increased
availability of energy substrates for increased
muscular activity for thermogenesis arising from
CICS. This suggests that CICS may optimize energy
expenditure in high fat dietary conditions by
improving glucose clearance rates through cold
adaptation mechanisms in homoeothermic animals
such as shivering, behavioural changes (cuddling and
coiling up), increased brown adipose tissue (BAT)
production, and increased metabolism and energy
production. These factors have also been reported to
be responsible for the improved glycaemic level in
experimental rats exposed to cold stress (Gasparetti et
al., 2003; Wang et al., 2015).

Metformin (1,1-dimethylbiguanide) is a biguanide
derivative that is used to treat hyperglycemia in
individuals with type-2-diabetes mellitus by acutely
decreasing hepatic glucose production and increasing
insulin action at specific tissues such as the muscle and
fat (Moreno-Navarrete et al., 2011; Tahrani et al.,
2011). It has also been described as an effective
weight-loss drug in non-diabetic individuals with
obesity (Seifarth et al., 2013). Treatment of HFD rats
with metformin in this study did not reduce weight
gain but lowered blood glucose level and increased
liver as well as muscle glycogen content compared to
control and HFD untreated. Furthermore, insulin level
and insulin resistance was also reduced in the
metformin-treated HFD group. These observations
suggest that pre-diabetes or metabolic syndrome
resulting from high-fat dietary ingestion could be
ameliorated by oral metformin intake. Beta cell
function in this study remained elevated in the
metformin-treated HFD treatment group compared to
HFD untreated group which is contrary to the reports
of Pantane et al., (2000) and Piro et al., (2012) who
reported that metformin is able to restore the
intracellular abnormalities of glucose and free fatty
acid (FFA) metabolism and to restore a normal
secretory pattern in rat pancreatic islets whose
secretory function has been impaired by chronic
exposure to elevated FFA or glucose levels. In the
metformin treated HFD cold stressed rats on the other
hand had, reduced body weight, increased liver
glycogen content but increased blood glucose level
and reduced beta cell function compared to control was
observed. Liver glycogen though increased in this
group was not significantly different from HFD
untreated. Muscle glycogen observed in this group was
also insignificantly different from control but
decreased compared to HFD untreated. It is likely that
increased thermo-genic activity in response to cold
stress such as shivering, behavioural changes
(cuddling and coiling up), increased brown adipose
tissue (BAT) production, and increased metabolism
and energy production in this group could account for
the observations in this group. This again suggests that
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CICS augments metformin’s action in ameliorating
pre-diabetes and obesity resulting from increased HFD
intake.

Cortisol is an adrenocortical hormone released in
response to stress and low blood glucose
concentrations. It increases blood sugar through
gluconeogenesis, suppresses the immune system and
aids in the metabolism of fat, protein, and
carbohydrates (Hoen and Marieh, 2010). Cortisol level
in the HFD untreated rats was increased suggesting the
presence of stress stimulus in this treatment group
which may be due to activation of low-grade chronic
inflammation resulting partially from activation of the
innate immune system and partly from an increase in
blood glucose level that on its own triggers various
inflammatory processes in the body (lge and
Adewoye, 2016). Cortisol levels observed in the HFD
rats exposed to CICS were reduced compared to HFD
rats that were kept at room temperature which is in
accordance with the report of Wittert et al., (1992).
Metformin treatment in HFD and cold stressed HFD
groups also showed a reduction in cortisol level, which
is in accordance with the report of Cho et al., (2015)
who reported that metformin may also exert its anti-
hyperglycemic effect by activating AMP-activated
protein kinase (AMPK) which then caused a decrease
in adrenocorticotropic hormone (ACTH) and cortisol.
These observations suggest that metformin alone or in
combination with CICS reduced the stressor effects of
high fat dietary intake in the body.

In conclusion, this study shows that HFD feeding
induces changes in lipid and glucose regulatory indices
resulting in the activation of stress-mechanisms in the
body, increased body weight, pre-diabetes and
metabolic syndrome. Treatment with metformin alone
in high fat diet fed rats may improve blood glucose and
lipid profile by either facilitating an increase in glucose
uptake for storage as glycogen by the liver and muscle
or prevent the breakdown of liver and glycogen stores
in the liver and muscle. The improved glucose and
lipid regulatory indices may then account for the
observed reduction in stress level in the metformin
treated HFD-fed rats. Under condition of chronic
intermittent cold stress (CICS), HFD fed rats had
improved lipid and glucose regulatory indices, which
may be due to an increase in thermo-genic adaptations
in HFD fed rats. In metformin treated HFD-fed rat
exposed to CICS, the glucose and lipid regulatory
effects of metformin were augmented by CICS with
the exception of a reduction in muscle glycogen stores
instead of an increase. Taken together, this study
shows that the actions of metformin in reducing
stressful stimulus and preventing pre-diabetes,
increased body weight and metabolic syndrome in
HFD fed rats maybe augmented by exposure to
chronic intermittent cold stress.

Metformin augments cold stress effects in high fat diet fed rats
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