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Aqueous extract of A. boonei bark reduces chronic hyperglycemia and prevents its
complications through increase of hepatic global DNA methylation in diabetic Wistar
rats

ABSTRACT

Aim: DNA methylation profil is involved in several physiological processes. Its alterations
in the liver of diabetic patients characterized by global hypomethylation are associated with
the pathophysiology of type 2 diabetes and its complications. The present study aimed to
evaluate the effect of the aqueous extract of Alstonia boonei barks on the global methylation
of hepatic DNA in association with hyperglycemia and diabetes complications induced by

streptozotocin.

Methods: A. boonei barks were harvested, processed, dried, ground and an aqueous
extraction was prepared (ratio 1/10 w/v). An in vivo study was conducted in an animal model
of streptozotocin-induced hyperglycemia. Rats were divided into five groups of five rats
each: a normoglycemic group, an untreated hyperglycemic group, three hyperglycemic
groups including two test groups receiving by esophageal gavage, the aqueous extract of A.
boonei barks (AEAB) at doses of 200 and 400 mg/kg body weight once daily and a reference
group receiving metformin at 10 mg/kg body weight. After 28 days of experimentation during
which fasting blood glucose levels were taken every 14 days under fasting conditions the
animals were sacrificed . The prepared plasma and liver homogenate were used for
biochemical assays (markers of oxidative stress such as malondialdéhyde level, SOD and
catalase activity and markers of lipid profile such as total cholesterol, triglycerides, HDL-c,
LDL-c and VLDL-c). The analysis of the global DNA methylation profile was performed by
the immunoprecipitation . Pearson's correlation was used to evaluate the relationship

between the values.

Results: The aqueous extract increased the hepatic DNA methylation by 0.41% and 0.63%
at 200 and 400mg/kg BW respectively compared to metformin (0.47%=0,05). This effect was
significantly associated with the hypoglycemic effect obtained at 400mg/kg BW with a

decrease in initial blood glucose level of -29.87%.

Conclusion: AEAB reduces chronic hyperglycemia and prevents its complications by

increasing global hepatic DNA methylation.
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[. INTRODUCTION

Scientific and technological progress has transformed the world, with considerable
changes in lifestyle, including unhealthy eating habits, thus increasing the incidence of non-
communicable diseases, including diabetes (Rachmat et al.,, 2020). Diabetes is
characterized by chronic fasting hyperglycemia, due to a relative or absolute deficit of insulin
secretion and/or action (ADA, 2020). According to the International Diabetes Federation
(IDF), more than 463 million people live with diabetes worldwide and a prediction of 700
million by 2045 if nothing is done (IDF, 2019). Cameroon does not escape as it has 615,300
people with diabetes (IDF, 2020). Data or evidences have reinforced the involvement of
epigenetic mechanisms in the etiology of type 2 diabetes as well as the evolution of its
complications (Fahmida et al., 2016). Epigenetics defines the set of transmissible and
reversible modifications of gene expression without changes in the DNA sequence
(Monhonval et al., 2014). These modifications involve DNA methylation, post-translational
modifications of histones and modifications by non-coding RNAs. DNA methylation being the
most studied epigenetic modification in the regulation of gene transcription and inactivation
(Du et al., 2015). DNA methylation reactions take place mainly in the liver. They involve s-
adenosylmethionine (SAM) as a methyl donor (Lee et al., 2014). Alteration of DNA
methylation in the liver has been associated with disregulation of hepatic metabolism
observed in diabetic patients altering regulation of fasting blood glucose and postprandial
glucose (Lee et al., 2014). Other evidences suggest that under hyperglycemic conditions,
there is a disturbance in the metabolism of monocarbons in the liver, an overproduction of
reactive oxygen species (ROS) which are responsible for a decrease in the SAM pool, a
decrease in the activity of DNA methyltransferases and an increase of demethylation
enzymes, resulting in an overall hypomethylation of DNA (Sarras et al., 2015). Hepatic DNA
hypomethylation has been associated with overexpression of the protein kinase C epsilon
gene involved in hepatic insulin resistance (Kirchner et al., 2016). Thus, prevention or
correction of global hepatic DNA hypomethylation could have potential beneficial effects in
the management of diabetes and its complications. Some epigenetic drug like Minocycline
prevents active DNA demethylation and complications of hyperglycemia, by inhibiting
poly(ADP-ribose) polymerase 1. On the other hand, synthetic compounds are often
associated with side effects (gastrointestinal disorders, liver damage) (ADA, 2020); and are
of high cost for certain social classes. For this reason, the urgent search for natural

compounds with low costs and side effects is necessary.

Medicinal plants are rich sources of bioactive compounds including alkaloids and phenolic

compounds (Hota 2007). They are endowed with multiple biological activities among others



antioxidant, anti-cancer, cardio-protective, neuro-protective, hypoglycemic and anti-
inflammatory activities (Rauter et al., 2009; Morand and Milenkovic, 2014). More recently,
many studies have shown their beneficial effects on the inhibition of epigenetic alterations
associated with cancers (Filipa et al., 2020). Alstonia boonei, a plant of the Apocynaceae
family is widely used in many African countries. A. boonei is known for its high reputation as
an anti-malarial (Funmilolaet al., 2019). The decoctions of barks are used to clean wounds,
fight insomnia and diarrhea (Gbadamosi et al., 2011). It is also endowed with anti-microbial,
hypotensive, hypoglycemic and anti-inflammatory activity, (Owolabi et al., 2014; Barnabé et
al., 2014; Ajose et al., 2019; Funmilola et al., 2019). The objective of this study was to
evaluate the effect of aqueous extract of A. boonei barks on the modulation of DNA

methylation and to evaluate the link with the anti-diabetic property of the extract.

II- Materials and methods
1 -Plant material
Alstonia boonei barks were collected in May 2020 in Mbaligui locality (Central Region,
Cameroon). The plant was identified at the National Herbarium of Cameroon under the
voucher number 43368/HNC. Barks were isolated, once at the Laboratory Of Nutrition and
Nutritional Biochemistry(LNNB). They were cleaned, dried at room temperature until constant
weight, and then ground in a blender (Philips Stay Fresh HR3752/00).

2- Preparation of the aqueous extract of A. boonei barks (AEAB) Four hundred grammes
(400g) of powder of A. boonei were macerated in 4000 mL of distilled water (1:10 w/v ratio)
for 24 hours at room temperature. The mixture was shaken at intervals to ensure thorough
extraction. The macerated extract was filtered with Wattman paper number 3 (Whatman
International Limited, Ken, England). The filtrate was evaporated in the oven (WGLL-65BE)
at 50°C for 72h and the extract (AEAB) obtained was stored at 4°C for further use.

3-in vivo experiment
3.2 Food Compaosition
Table 1 shows the composition of the diets used in this study.

Table 1. Dietary composition of the normal and high fat diet (Ble-Castillo et al., 2012) with
some changes.
Composition in g per 100 g of food

Ingredient Normal diet (ND) High fat diet (HFD)
Fish meal 10 10

Milk 10 10



Refined palm oil 10 12.5

Margarine / 12.5
Sucrose /

18
Depulped 35 18
cornflour
Wheat flour 20 15
Salt 15 15
Bone meal 2.5 2.5
Polyvitamins 1 1
Fibers(cellulose) 1 1
Distilled water 10 /

3.3. Animals

Twenty-five (25) male albinos Wistar rats weighing between 210 and 250 grams were
provided by the animal house of the Laboratory of Nutrition and Nutritional Biochemistry
(LNNB) of the Department of Biochemistry, Faculty of Science, University of Yaoundé | and
were acclimated for 7 days before used. None of these animals had been subjected to
previous experiments and showed no signs of abnormalities. The rats were placed in
standard cages at room temperature and subjected to a 12-hour day-night cycle with good
aeration and natural light. The bedding was made of sawdust and changed every two days to
ensure good hygienic conditions and the animals had free access to water and normal diet
and fed with a standard diet with an unlimited access to tap water daily. The experimental
protocol and the maintenance of the laboratory animals were carried out under the standard
ethical guidelines for the use of laboratory animals and care as described in the guidelines of
the European Community and the Ethics Committee of the Faculty of Science of the

University of Yaounde I.
3.4. Study design

Rats were randomly divided into two groups: a negative control (NC) group of 5 rats, fed with
a normal diet, and the HF-STZ group made of 20 rats, fed with the high-fat diet. The animals
received their respective diets for a period of 8-week, and at week-0, after mild ether
anesthesia, a single dose of 50 mg/kg of streptozotocin (STZ) dissolved in citrate buffer (100
mM; pH 4.5; 150 mM NacCl) was administered intraperitoneally to animals fasted for 12 h in
the HF-STZ group. The control animals received only vehicle (100 mM citrate buffer, pH 4.5).
One hour (1h) after STZ induction, the animals were given a glucose solution (20%) to avoid
hypoglycemic shock following STZ administration. After twenty-four hours, the blood glucose

level of the rats was assessed by the glucose oxidase method using test strips and a glucose



meter (Gluco-Plus brand ™). Animals with blood glucose levels greater than or equal to 200
mg/dL were diagnosed as diabetic (Chang, 2000); and allocated to different groups for
further experimentation as follows:
- Group | (negative control rats): non-diabetic rats receiving distilled water by daily
gavage;
- Group Il (positive control): untreated diabetic rats receiving distilled water by daily
gavage;
- Group Il (test 1): diabetic rats receiving AEAB by daily gavage at a dose of
200mg/kg bw;
- Group IV (test 2): diabetic rats receiving AEAB by daily gavage at a dose of
400mg/kg bw;
- Group V (reference): diabetic rats receiving metformin by daily gavage at a dose of
10mg/kg bw.
The volume of administration was 5 mL/kg bw. During the experiment, fasting blood glucose
levels were taken for each group at regular time intervals of seven (7) days during the 28

days of experiment. Fasting blood glucose was expressed as percentage of variation.

Glycemic (GX) - Glycemic (G0
Glycemic (&0

% Blood glucose level = % Blood glucose level;

GO: Blood glucose at day = 0, Gx: Blood glucose after each 7 days.

3.5. Euthanasia of animals and preparation of biological samples

At the end of the experiment (Day 28), the animals were fasted for 12 hours and the blood
glucose level of each rat was taken. Under mild chloroform anesthesia, they were euthanized
by cervical decapitation. Blood was collected on EDTA tubes for subsequent DNA extraction
and biochemical analysis. Similary, the liver was isolated by dissection and washed in NaCl
solution (0.9%), wrung out, weighed and then preserved in a previously prepared
dimethylsulfoxide (DMSO) saline solution (DMSO 20%; Sodium-EDTA 0.25M; NacCl

saturating, PH 7.5) for subsequent DNA extraction.

4. Extraction of DNA from blood and liver tissue samples.



DNA extraction from blood was performed according to the protocol described by Plower et
al. (1995) based on the properties of chelex-100; while DNA from liver was isolated
according to the protocol described by Coombs et al. (1999).DNA extracts were diluted with
triethyl buffer(1X,Ph7.5 to 100ng/ul). To verify the reliability of the extractions, the DNA
concentration was determined by spectrophotometry using the Nanodrop 2000 (Thermo
scientific with Nano Drop software) and the purity assessed from the Abs260/Abs280 ratio.
DNA extracts were diluted with triethyl buffer (1X; pH 7.5) to 100 ng/uL for liver DNA and 50
ng/pL for blood DNA.

5. Analysis of the global DNA methylation profile

Analysis of the global DNA methylation profile from the DNA samples was done using
the methylated DNA immunoprecipitation method from the MethylFlash™ Global DNA
Methylation (5-mC) ELISA Easy Kit (catalog: P-1030) according to the supplier's protocol.
Briefly described for that, a volume of 100 uL of binding solution was added to all the wells,
then 2 pL of negative control was added to the negative control wells, 2 UL of positive control
at different concentrations (0,1; 0,2; 0,5; 1; 2;5 %) were added to the positive control wells to
generate a standard curve, and 4 puL of DNA sample (100 ng) were added to the test wells.
The mixture was then homogenized and incubated at room temperature for 60 minutes. After
incubation, the binding solution was removed from each well and the wells were washed with
150 pL of diluted wash buffer three times. Subsequently, 50 pyL of the 5 mC antibody
complex solutions was added to the wells and the wells were incubated at room temperature
for 50 minutes. After incubation, the detection complex solution was removed from each well
and the wells were again washed with 150 pL of diluted wash buffer five times. A volume of
100 pL of the development solution was added to each well. The whole set was gently
shaken against a flat surface for 10 seconds and incubated at room temperature for 4
minutes. The enzyme reaction was stopped by adding 100 pL of the stop solution to each
well and the absorbance was read on a micro plate reader at 450 nm. The percentage of 5-

methylcytosine was calculated from the following formula:

(Abzzample—Abs negatif control)

%5mc=( ]xmn

Slope x5

Where S represents the amount of DNA in the sample in ng

6. Oxidative status of the liver

As a marker of hepatic oxidative stress, the level of malondialdehyde, an indicator of lipid
peroxidation, was determined using Yagi (1976) protocol. The activity of enzymes of the
hepatic antioxidant system such as SOD was assessed using the method of Misra and
Fridovish (1972) and catalase activity throught the method of Sinha (1972).

7. Plasma lipid profile



Total cholesterol (TC), triglycerides (TG) and high density lipoprotein cholesterol (HDL-c) were
assessed in plasma through enzymatic methods using chronolab kit. Low density lipoprotein
cholesterol (LDL-c) and very low density lipoprotein cholesterol (VLDL-c) were determined
from the formula of Friedewald and al., (1972).

LDL - ¢ (mg/dL) = TC - (HDL - ¢ +TG/ 5)

VLDL - ¢ (mg/dL) =TG/ 5
8. Atherogenic indices evaluation
The lipid profile parameters were used to evaluate the Atherogenic Index of Plasma (AIP),
Atherogenic Coefficient (AC), Cardiac Risk Ratio (CRR) and Cardioprotective Index (CPI)
according to the following formulas:

LDL-c

CRR1= — :CRR2=

(Ikewuchi and Ikewuchi, 2009);

HDL-C HDL-C
AC="— (Ikewuchi and Ikewuchi, 2009);
AIP = log — = (Althunibat et al., 2019);
_ HDL-C « @Gk,
CPI = DLC (Orsoli‘et al., 2014).

9. Statistical analysis

The Microsoft Excel software was used to process data and plot the graphs. Statistical
Package for Social Science (SPSS) version 20.0 for Windows was used for statistical
analysis of the results. The one-factor Analysis Of Variance (ANOVA) test followed by a post-
hoc test (LSD) was performed to compare the means of the different groups. Pearson’s
correlation was used to study the relationship between the different variables parameters. All
results with p < 0.05 were considered significant. The results were expressed as mean +
standard error on the mean.

II-RESULTS

1. DNA concentration and purity

Table 2 represented the quantity and purity of DNA extracted from blood and liver
tissues.The amount of DNA extracted from the liver tissues was more concentrated and
more pure compare to the DNA extracted from blood.

Table 2: Amount of DNA extracts and purity

Groups Blood Liver
NC DNA 62.32 £8.,66 542.54 £56.73
concentration
(ng/uL) 0.75)°  (1.74)°

Purity (%)



PC DNA 52,37 +8,66 441,19

concentration 456 73
Purit
y (1,62)°
AEAB 200 DNA 55,93 +8,66 398,82
concentration +56.73
(ng/uL) (0,80)°
Purity
(1,68) °
AEAB 400 DNA 62,37 +8,66 518,19 +56,73
concentration
(ng/uL) (0,85)° (1,70) ®
Purity
REF DNA 83,77 8,66 506,22 +56,73
concentration
(ng/uL) (0,78)° (1,62) °
Purity

Values are expressed as mean + standard deviation, NC: Negative control; PC: Positive
control; AEAB200: group treated with 200mg/Kg BW of aqueous extract of A. boonei barks;
AEABA400: diabetic rats + 400mg/Kg BW of aqueous extract of A. boonei barks; REF:
diabetic rats + 10mg/Kg BW of metformin; values in parentheses represent the percentage of
purity; values assigned different letters (a, b, ¢, d) are significantly different between groups
at the same time (P<0.05).

2.Global blood and hepatic DNA methylation profile

Figure 1 illustrates the effect of AEAB on liver and blood DNA methylation profile. It can be
seen that no significant difference was observed in the overall blood DNA methylation profile
in all groups (NC, PC AEAB200, AEAB400, and Metformin). However, in the liver, global
DNA methylation was significantly lower in the untreated diabetic group compared to the
normoglycemic group (0.33% vs 0.61%). In the extract-treated groups, this methylation
profile was significantly higher compared to the untreated diabetic rats group (0.41% and
0.63% respectively versus 0.33%). Furthermore, the extract at 400mg/kg bw exhibited higher
DNA methylation compared to the metformin-treated group (p<0.05).
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Values are expressed as mean + standard error. NC: Negative control; PC: Positive control;
AEAB200: group treated with 200mg/Kg BW of aqueous extract of A. boonei barks;
AEABA400: diabetic rats + 400mg/Kg BW of aqueous extract of A. boonei barks; REF:
diabetic rats + 10mg/Kg BW of metformin; Values assigned to different letters (a, b, c, d) are
significantly different (P<0.05).

Figure 1: Expression of global DNA methylation profile in liver and blood.

3. Effect of the extract on fasting hyperglycaemia

The effects of the extract on fasting hyperglycemia were expressed as mean blood glucose
and percentage change as shown in Table 3. There is a significant increase in blood glucose
with a mean of 554 +26.69 mg/dL one day after administration of STZ to the rats as
compared to hormo glycemic group (negative control). After 28 days of treatment, the extract
at both doses (200mg/kg CP and 400mg/kg CP) induced a significant decrease in blood
glucose levels from day 14 (-20.89% and -22.74% respectively) to day 28 (-24.87 and -
29.87% respectively). The extract was more effective than metformin which only resulted in a
reduction of -19.14% at day 28.

Table 3: Change in fasting blood glucose after STZ administration in rats

Groups T=0 (24 after T=14 days T=28 days
induction)
NC Blood glucose 85.80+4.31 87.40+3.52 87.40+3.52
(mg/dL)
% variation (0) (1.86) @ (1.86) @
PC Blood glucose 548+30.79 487.62+19.12  487.1+19.12
(mg/dL)
% variation (0) (-11.11) ° (-11.11) °
AEAB 200 Blood glucose 553.40+26.69  429.33+2.66 415.75+3.4
(mg/dL)
% variation (0) (-20.89) © (-24.87) ¢
AEAB 400 Blood glucose 557.60+16.26 = 430.75+15.18 390+19.12
(mg/dL)
% variation (0) (-22.74) © (-29.87) ¢
REF Blood glucose 558.40+£20.74 485+4.00 451.5+18.5
(mg/dL) (0)
% variation (-13.14) ° (-19.14) ©

Values are expressed as mean * standard deviation, NC: Negative control; PC: Positive
control; AEAB200: group treated with 200mg/Kg BW of aqueous extract of A. boonei barks;
AEABA400: diabetic rats + 400mg/Kg BW of aqueous extract of A. boonei barks; REF:
diabetic rats + 10mg/Kg BW of metformin values in parentheses represent percentage
changes in blood glucose levels; values assigned different letters (a, b, c, d) are significantly
different between groups at the same time (P<0.05).

4. Association between global hepatic DNA methylation and blood glucose variation



A significant negative correlation (r = -0.90; p = 0.03) was found between the global hepatic
DNA methylation and the blood glucose level among diabetic rats treated with a dose of 400

mg/kg bw of the agueous extract of A. boonei (Table 4).

Table 4: Correlation between global hepatic DNA methylation and blood glucose at day 28.

Blood glucose days 28

Correlation coefficient r Significance p
DNA methylation (AEAB200) -0.35 0.55
DNA methylation (AEAB200) -0.90 0.03

AEAB: Aqueous extract of A. boonei barks; r: Correlation coefficient; Values of p<0.05 are
considered significant

5. Hepatic oxidative status
5.1. Effect of the extract on the liver superoxide dismutase (SOD) activity

The hyperglycemic condition was associated with a significant decrease in liver SOD activity
in untreated hyperglycemic rats as compared to normo glycemic group. The administration of
the extract at 400mg/kg BW induced a significant increase of this activity compared to other

groups as shown in figure 2.
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Values are expressed as mean + standard error. NC: Negative control; PC: Positive control;
AEAB200: group treated with 200mg/Kg BW of aqueous extract of A. boonei barks;
AEAB400: diabetic rats + 400mg/Kg BW of aqueous extract of A. boonei barks; REF:
diabetic rats + 10mg/Kg BW of metformin; Values assigned to different letters (a, b, ¢, d) are
significantly different (P<0.05).

Figure 2: Expression of hepatic SOD activity

5.2. Effect of the extract on the liver catalase activity

Figure 3 reveals a significant (P < 0.05) decrease in liver catalase activity of PC group

compared to NC group. Meanwhile, the administration of the extract at both doses was



associated to an increase of catalase activities even compared to reference group which

received metformin (P < 0.05).
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Values are expressed as mean * standard error. NC: Negative control; PC: Pasitive control;
AEAB 200: rats treated with 200 mg/Kg BW of A. boonei barks; AEAB 400: rats treated with
400 mg/kg BW of A. boonei barks; Reference (diabetic rats + 10mg/Kg BW of metformin).
The values assigned with different letters (a, b, ¢, d) are significantly different (P< 0.05).

Figure 3: Expression of hepatic catalase activity.

5.3. Effect of the extract on the liver Malondialdehyde (MDA) level

Figure 4 shows that the MDA level was significantly higher (P < 0.05) in the liver of the
untreated diabetic group (PC) compared to the normo glycemic group; however, the
administration of the extract resulted in a significant reduction of this maker of lipid

peroxidation.

NC =PC = AFAB200 " AEAB400 =REF

MDA concentration
mmol/l/g liver
[ [ [ o th
= = = = =
]
I
.‘
]
]

=

Liver

Values are expressed as mean + standard error. NC: Negative control; PC: Positive control;
AEAB 200: rats treated with 200 mg/Kg BW of A. boonei barks; AEAB 400: rats treated with
400 mg/kg BW of A. boonei barks; Reference (diabetic rats + 10mg/Kg BW of metformin).
The values assigned with different letters (a, b, ¢, d) are significantly different (P< 0.05).

Figure 4: Expression of hepatic lipid peroxidation.

6. Association between global DNA methylation and oxidative stress in the liver



The association between global DNA methylation and some markers of oxidative stress was
explored. It appears that no significant relationship was found between these oxidative stress
markers and liver DNA methylation level (Table 5).

Table 5: Correlation between global DNA methylation and liver endogenous oxidative stress

markers
SOD jiver Cat jiver MDA jiver
r p-value r p-value R p-value
Methylation (AEAB200) 0.29 0.63 -0.13  0.83 -0.55 0.34
Methylation (AEAB400) 0.35 0.55 -0.02 0.97 -0.53 0.97

AEAB: Aqueous extract of A. boonei barks; r: Coefficient of correlation;

7. Plasma lipid profile

Hyperglycemic state resulted in an alteration of lipid profile in untreated rats’ group (positive
control) compared to the normo glycemic group (negative control) (P < 0.05) (Table 6). Rats
receiving AEAB, exhibited a positive improvement of lipid markers (low triglycerides, total
cholesterol VLDL-cholesterol and LDL-cholesterol level as well as an increase of HDL-
cholesterol) as likely as metformin (a reference molecule).

Table 6: Expression of plasma lipid profile

NC PC AEAB 200 AEAB 400 Reference
TG 123.39+6.59%° 322.18+9.80° 188.50+9.53° 129.50+3.18% 309.90+2.31°
TC 126.7245.19%° 176.72+6.12°  133.49+5.50° 141.19+1.75%° 177.04+8.64"
VLDL-C 24.64+0.44%  64.40+0.80° 37.68+1.44° 25.90+2.22%  61.98+4.54¢
LDL-C 59.18+1.18%  80.17+0.38°  42.26+0.64°  61.79+0.51*  59.12+1.82%
HDL-C 42.23+1.18*  32.11+0.38° 53.51+0.64°  53.49+0.51°  55.93+1.82°

Values are expressed as mean + standard error. NC: Negative control; PC: Positive control;
AEAB 200: rats treated with 200 mg/Kg of A. boonei barks; AEAB 400: rats treated with 400
mg/kg of A. boonei barks; Reference: diabetic rats + 10mg/Kg of metformin. TG:
Triglycerides, TC: Total cholesterol, VLDL-C: Very low density lipoprotein cholesterol, LDL-C :
Low density lipoprotein cholesterol, HDL-C : High density lipoprotein cholesterol. Values
assigned different letters (a, b, ¢, d) on the same line are significantly different (P<0.05).

8. Association between hepatic DNA methylation and plasma lipid profile

In Table 7, a strong positive correlation (r=0.89; p<0.05) was noted between the percentage
of hepatic DNA methylation induced by the administration of the extract at the dose of 400
mg/kg BW and plasmatic HDL cholesterol level. For the other parameters, no significant

correlation was observed.

Table 7: Correlation between extract-induced global DNA methylation and lipid profile



TG c-VLDL c-LDL c-HDL

r p-value r p-value R p-value r p-value
Methylation 0,35 0,55 0,32 0,59 -0,64 0,24 0,06 0,91
(AEAB200)
Methylation -0,64 0,24 -0,69 0,20 0,61 0,34 089 0,03
(AEAB400)

AEAB: Aqueous extract of A. boonei barks; r: Coefficient of correlation; p-values represent
significances (p < 0.095).

9. Effect of the extract on atherogenic risks

Table 8 shows the effect of the extract on some artherogenic risks indexes (CRR, AC, AIP
and CPI). The hyperglycemic state was associated with higher values of CRR, AC, API, and
lower CPI in positive control group compared to the normal group (p < 0.05). Administration of
the extract at both doses significantly reduced CRR, AC and AIP while increasing CPI in
AEAB treated groups as compared to untreated group of reference group.

Table 8: Effect of the AEAB on atherogenic risk

NC PC AEAB 200 AEAB 400 Reference
CRR1 3,00+0,16%  5,50+1,04° 2,49+0,85° 2,63+0,94° 3.16+1.01%
CRR2 1,41+0,05°  2,49+0,85° 0,78+0,06° 1,15+1,12 1,05+0,55°
AC 1,92+0,45°  9,03+2,66° 2,52+0,77¢ 1,42+0,522 4,54+1,242
AIP 0,46+0,001% 1+0,05° 0,40+0,0012 0,15+0,022 0,65+0,001°
CPI 0,70+0,02®  0,40+0,01° 1,26+0,03° 0,86+0,062 0,94+0,07°

Values are expressed as mean + standard error. NC: Negative control; PC: Paositive
control; AEAB 200: rats treated with 200 mg/Kg of A. boonei barks; AEAB 400: rats treated
with 400 mg/kg of A. boonei barks; Reference: diabetic rats + 10mg/Kg of metformin. CRR:
Cardiac Risk Ratio, AC: Atherogenic Coefficient, AIP: Atherogenic Index of Plasma, CPI:
Cardioprotective Index. Values with different letters (a, b, ¢, d) on the same line are
significantly different (P<0.05).

Discussion

Several environmental factors such as diet and stress can affect the DNA methylation status
and induce the development of diabetes and many of its complications (Kowluru et al.,
2013). In the diabetic liver in particular, there is an alteration in the overall DNA methylation
profile materialized by hypomethylation (Lai et al., 2020). Thus, one way to manage diabetes
status is to prevent or correct the hypomethylation of hepatic DNA, an epigenetic reversible
modification. We therefore conducted this study to evaluate the ability of the aqueous extract
of A.boneei backs to reduce chronic hyperglycemia and prevent associated complication

through the modulation of global hepatic DNA methylation



The results revealed that after 28 days of experimentation, hyperglycemia induced by
intraperitoneal injection of STZ resulted in a significant (p < 0.05) reduction of the global
methylation profile of the hepatic DNA of rats of the untreated diabetic group compared to the
non-diabetic group (Figure 1). This is consistent with Williams et al (2008) results whose
found that after 8 weeks, rats with chronic hyperglycemia induced by STZ, presented hepatic
DNA hypomethylation. Induced hyperglycemia would have generated oxidative stress which
stimulated poly(ADP-ribose) polymerase activity in the liver of these rats, thus activating the
active DNA demethylation pathway involving ten-eleven-translocation (Sarras et al., 2015).
The significant increase of the hepatic DNA methylation profile among rats receiving AEAB
(especially 0.63% at the 400mg/kg BW dose, as well as the negative strongly correlation
with blood glucose (r = -0.90; P= 0.03) (Table 4) would be due to the AEAB could have
reduced chronic hyperglycemia by increasing the overall methylation profile of hepatic DNA;
which would have reduce the expression of the PKCE gene involved in hepatic insulin
resistance(Kirchner et al., 2016). This beneficial effect of the extract could be due to justified
by the presence of polyphenols especially flavonoids which have the abilities to increase
DNA methyltransferase activity at the hepatic level and inhibit poly(ADP-ribose) polymerase
(Junko et al., 2014; Laszlo et al., 2021). Moreover, although the rate of DNA methylation
induced by the extract at the dose 200 mg/kg BW (0.41%) was not significantly correlated
with the decrease in blood glucose (Table 4); the presence of alkaloids in the extract could
have significantly decrease in blood glucose in treated groups compared to the PC group at
days 14 and days 28 (Table 3) this through the inhibition of gluconeogenesis enzymes
(Xuan et al., 2011). Indeed, Akinloye et al. (2013) had revealed that the aqueous extract of
A. boonei barks reduced the activity of hepatic glucose-6-phosphatase and glucose-1,6-
biphosphatase.

The alteration of the global DNA methylation profile induced by chronic hyperglycemia
has been implicated in the phenomenon of metabolic memory (Kowluru, 2017). Indeed,
these aberrant profiles persist after blood glucose levels are restored to normal and
contribute to micro and macrovascular complications of diabetes (Jeongeun and Youngmi,
2020). Thus, the effect of the extract on the overall hepatic DNA methylation profile would be
predictive of its protective role on hyperglycemia-related complications. It has been shown
that in diabetic patients, hepatic DNA hypomethylation was associated with chromatin
instability and liver cancer. Results obtained show that the extract could be a good candidate
in the prevention of hepatic carcinoma in diabetic subjects. Since DNA methylation is
involved in the inhibition of gene expression (Long et al., 2018), hepatic SOD and Catalase
activities were improved in rats’ groups receiving the extract compared to the untreated
diabetic one (figure 2; figure 3), This result could reflect the fact that the global DNA

methylation induced by the extract had no repressive effect on the expression levels of the



hepatic SOD and catalase gene, thus showing the specificity of action of the extract. This
was further confirmed by the absence of significant correlation between the methylation
induced by the extract and the activities of these two antioxidant enzymes (Table 5).
Furthermore, the increased activities of these two enzymes in AEAB-treated groups could
therefore be attributed to the fact that the global DNA methylation induced by the extract
could have affected the loci of the KEAPL gene, thus reducing its expression (Dong et al.,
2017). Indeed, KEAP1 protein is known to bind to Nrf2-related factor 2 and promote its
degradation. Nrf2 is known to activate several antioxidant enzymes such as SOD and
Catalase (Mallique et al., 2020). On the other hand, Afolabi et al. (2007) identified in A.
boonei barks the presence of Iron which is a cofactor (activator) of Catalase (Ighodaro and
Akinloye, 2017). The ability of this extract to improve the antioxidant status, would therefore
explain the protection of lipid membranes against lipid peroxidation hence the low levels of
MDA noted among AEAB treated rats’ (figure 4).

As dyslipidemia is one of the metabolic disorders associated with diabetic type 2 state,
evaluation of the effect of the AEAB on lipid profile markers in relation to global hepatic DNA
methylation as well as on atherogenic risk revealed an alteration of lipid metabolism among
untreated diabetic rats (Table 6). This could be a consequence of the altered global hepatic
DNA methylation profile. Indeed, global hypomethylation of hepatic DNA has been
associated with altered expression of genes involved in lipid metabolism (Barajas-Olmos et
al., 2018). Administration of the AEAB resulted in a decrease in triglycerides, total
cholesterol, LDL-C, VLDL-C and an increase in HDL-C (Table 6). This suggests that the
AEAB reduces diabetic dyslipidemia by correcting global hypomethylation of hepatic DNA.
This was further confirmed by the strong and positive correlation (r = 0.89; P = 0.03) between
global DNA methylation level and HDL-C at the 400mg/kg BW of the extract (Table 7). Mice
with a hypomethylation genome had eleveted expression of inflammatory markers and DNA
hypomethylation was shown to precede the formation of aortic fatty streaks ( Chen el al.,
2001;Kenneth et al., 2019).Such changes were shown to contribute to promote
atherosclerosis and hypertension (Barajas-Olmos et al., 2018). Thus, these beneficial
effects of the extract at the level of the methylation of hepatic DNA, are reflected by the
decrease in cardiac risk ratio, (CRR) coefficient(AC) atherogenic index of plasma(AIP) and
increase in cardioprotective index(CPl) in AEAB-treated group (Table 8). The global DNA
methylation induced by the extract could have affected the expression levels of genes
involved in HDL-C catabolism such as the cholesterol ester transfer protein (CETP) gene.
Indeed, Guay et al (2013) showed that methylation of this gene was associated with high
levels of plasma HDL cholesterol. The hypotriglyceridemic and hypocholesterolemic

properties of the extract could be attributed to their polyphenol content, which are capable of



stimulating lipoprotein lipase and inhibiting HMG-CoA reductase, key enzymes involved in

triglyceride catabolism and cholesterol synthesis respectively (Abdulazeez, 2011).
Conclusion

The aqueous extract of A. boonei bark reduces chronic hyperglycemia and prevents
associated complications by increasing methylation of hepatic DNA. This work further
supports the multiple beneficial effects of Alstonia boonei in the management of diabetes-
related metabolic disorders. However, further works are needed to evaluate the effect of the
extract on the catalytic activity of poly(ADP-ribose) polymerase as well as on intermediates of
the active DNA demethylation pathway such as 5-hydroxylmethylcytosine and 5-

carboxylmethylcytocin in the liver.
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