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ABSTRACT

Studies have shown that diabetic patients are usually associated with dysbiosis. Several studies
have been done on restoration ofblood glucose level but little or no study has been done on pH
and short chain fatty acids level ofdiabetic patients in Nigeria majorly Anambra State. Hence
this study focused on Assessment ofthe pH, short chain fatty acids and blood Glucose level of
type 2 diabetic patients administered with Nauclea latifolia fruit extracts. A total of 40 stool
samples; 20 samples from diabetic (10 males and 10 females) patients and 20 samples from non-
diabetic (10 males and 10 females) subjects, were collected and analyzed for pH, short chain
fatty acids (SCFA) / (butyrate and propionate) and blood glucose level using instrumentational
techniques. The unique bacterial isolates encountered in the gut of diabetic patients were
appropriately characterized. Phytochemical constituents of Nauclea latifolia fruit extracts (NLFE)
was quantitatively determined using gravimetric and spectrophotometric methods; In vivo
technique using human subjects was employed to determine the effect of NLFE on pH, short
chain fatty acid and blood glucose level. The data generated were analyzed using one-way
Analysis of Variance (ANOVA) at 95% confidence level, and compared using student “t” test.
There were decreased in stool pH and blood glucose, and significant (P<0.05) decreased in SCFA
among the diabetic patients. Alkaloids, saponins, phenolics, tannins, flavonoids, steroids and
glycosides were detected from NLFE. The study has revealed that NLFE showed pronounce
activity and was able to restore 80% ofpH, short chain fatty acids and blood glucose level of
diabetic patients.
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1.0 INTRODUCTION

In the past decade, there has been
growing evidence suggesting that gut
dysbiosis may be a major contributor to
T1D development (Vaarala, 2013). A
variety of studies have identified
differences in the gut microbiota of
healthy

(Bibbo

and TID patients
2017).

subjects

et al., In addition,
growing evidence from well-controlled
intervention studies in rodent models has

the association

and TID

supported causative

between gut dysbiosis
pathogenesis. The use of probiotics, the
use of antibiotics, fecal microbiota
transplantation, and diet intervention are
the methods commonly used in these
studies to alter the composition of gut
microbiota. It has been proposed that the
altered intestinal microbiota may impact
T1D pathogenesis by increasing gut
(Bosi 2000),

inflammation

permeability et al,

facilitating  intestinal
(Westerholm-Ormio et al., 2003), and
disturbing immunological maturation
(Bendtsen et al., 2015, Brown et al.,
2019). Nevertheless, given the paucity
of well-controlled studies in humans
owing to the lack of corrective methods
for confounding factors, gut microbiota
as a causal factor leading to the
progression of T1D remains speculative.

Once the causative relationship between
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gut microbiota and T1D development is

confirmed and the related

pathophysiological ~mechanisms  are
delineated, the gut microbiota will be a
novel area to explore for new
preventative or therapeutic strategies for
T1D. Discovery of a clear association
between gut dysbiosis and TID is of
significant clinical  importance  as
microbiota-based interventions such as
probiotics can reduce or even prevent
the burdensome requirement of injected

insulin.

The 16S ribosomal RNA (rRNA) gene
sequencing technique has become the
most widely used method to investigate
the composition of microbial ecosystems
in recent years (Whelan and Surette,
2017, Mancabelli al.,2017).

Compared with traditional culture-based

et

methods and previously used low-
which
identify specific bacteria,

based

effective,

resolution methods, can only

16S rRNA-
a rapid,

sequencing  as cost-

and less labour-intensive

microbial detection  approach can
analyse the composition of the whole
microbial community and significantly
improve the

identification (Forde and O'Toole, 2013).

resolution of bacterial

To date, a variety of case-control studies

have observed perturbed intestinal

microflora in T1D patients compared



with healthy controls (HCs) using 16S
rRNA gene sequencing. Given that
different bacterial detection technologies
have distinct levels of discrimination,
which limits the ability to make accurate
and specific comparisons across studies
(Wright et al., 2015), we performed a
review to provide

systematic an

overview of the intestinal microflora
profile in patients with T1D based on

16S rRNA gene sequencing.

Type 2 diabetes mellitus (T2DM) is a

progressive metabolic disease
characterized by pancreatic  B-cell
dysfunction and peripheral insulin

resistance, leading to defects in glucose
and chronic

Both

metabolism low-grade

inflammation. genetic  and
environmental factors are closely related
chronic

to the development of this

disease, and certain environmental
factors, such as caloric intake, nutrient
composition, ambient air pollution and
physical inactivity, are important
reasons for the continuous increase in its
prevalence (Kahn et al., 2014; Kang et
al., 2022). It was reported that more than
460 million had
diabetes in 2019, and this number would
rise to 700 million by 2045 (Saeedi ef al.,

2019). Since T2DM contributes to the

adults worldwide

occurrence of harmful macrovascular

and microvascular outcomes (Sehgal et
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al., 2021; Zeng et al., 2021; Zhang X. et
al., 2021; Zhao et al., 2021), it not only
brings physical and mental pain to
patients, but also leads to a major
medical economic burden. Therefore, it
is of great significance to explore the

novel pathogenesis and treatment of

T2DM.

The early human studies showed that the
pH of the gastric juice influenced
growth of the bacteria in the stomach
and intestine, and therefore, pH affected
both the quality and quantity of the
A

study demonstrated that female NOD

gastrointestinal microbiota. recent

mice maintained on acidic drinking

water developed insulitis and

hyperglycemia rapidly, compared to
those on neutral drinking water (Sofi et
2014). The 16S rRNA-targeted

pyrosequencing revealed a significant

al.,

change in the composition and diversity
of gut microbiota when the pH of
drinking water was altered (Sofi et al,
2014).

2.0 MATERIALS AND METHODS

Sample Collection and

Transportation

Stool and blood samples were collected

by sampling technique and analyzed in
the Microbiology Laboratory unit of



Nnamdi Azikiwe University, Awka.
Ripe fruits of Nauclea latifolia were
collected from Ilorin, Kwara State,
Nigeria. They were identified and
authenticated by Prof. [.B. Enweani. The
fruits were chopped into small pieces
and air-dried at room temperature. They
were then pulverised using a blender
(Supper master blender, model: SMB-
2977) to yield fine powdered material.
Then, 45 g ofthe powdered sample was
mixed with 8.5 litres of clean water,
boiled for 20 minutes and allowed to
cool. The resulting extract was filtered
and kept refrigerated in air-tight
containers. For six months, the filtered
extract was given twice a week to both
the diabetic patients and the healthy
individuals (Enweani, 2020). Their
blood glucose levels were examined
morning (fasting) and night (random) for

each day.

2.1 Evaluation of pH and Percentage
of Short Chain Fatty Acids of Stool
Samples from Diabetic and Non-

diabetic Subjects

pH of the stool samples: The stool

samples collected from the
experimented subjects was used for this
study. The stool sample was prepared in
10! diluted form by weighing 10 g of
the sample into 250 mL test tube (Pyrex).

This was followed by addition of 30 ml
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of sterile normal saline, and this was
thoroughly shaken and then made up to
100 mL using the sterile normal saline.
The Table top pH meter was first
standard using buffers (pH = 4.0, 7.0
and 11.0), and measured the pH readings
ofthe sample solutions (AOAC, 2019)

2.1.1 Short chain fatty acids (SCFAs):
This carried out
(GC)

published by AOAC (2019).

microliter of the prepared stool sample

was using  gas

chromatographic technique as

One

solutions was introduced into the

injection chamber; the automated
instrument was run in order to generate
the values of the acetate, n-butyrate,

propionate and n-valerate.

Effect of Nauclea latifolia fruit
extracts on pH, short chain fatty acids

and blood glucose

Preparation of Nauclea latifolia fruit
extracts: The fresh fruits of Nauclea
latifolia was collected and it was
appropriately authenticated. The fruit
samples were ground to paste form
using sterile electric grinder (LE Max/
LXB 242). Twenty grams ofthe ground
sample was macerated with distilled
water for 72 h. Whatman No 1 filter
paper was used to filter the mixture. The
extract was concentrated by evaporating
to dryness at room temperature in a
steady air current (Iheukwumere et al.,

2018). Then 40 g of the extract was



dissolved in phosphate buffer saline
(PBS) and made-up to 2000 mL using
the PBS in order to obtain 20 mg/mL

concentration

Acute toxicity: The albino Wistar rats
were monitored for 72 h for mortality
cases as described in the work published
by Theukwumere ef al. (2018). A total of
16 albino Wistar rats were used for this
study. The rats were grouped into two
groups. Each group contained 8 rats
each. The test rats orally
1.0 g/ kg (tenfold of

normal administration) of the prepared

weEre

administered

extracts whereas the other group (control
group) was giving ordinary distilled
water as normal control. The rats in each
group were monitored for 72 h during
which the acute toxicity was determined

after 72 h.

2.4. Determination of gut stability and
glucose level: A total of 20 diabetic
patients, 10 males and 10 females from
different hospitals were recruited for this
study. The patients that were already on
drugs were excluded in this study. This
blinded study. The

prepared extract was orally administered

was a single-
by the diabetic patients, ten milliliters,
two times per day, for period of 4
months. Then stool samples from each
patient was collected every month and

analyzed for pH, short chain fatty acids
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and blood glucose level as already

described above.

2.5. Statistical Analysis

The data generated were analyzed using

one-way Analysis of Variance (ANOVA)
at 95% confidence level, and compared

using student “t” test.

3.0 RESULTS

The mean pH of the stool samples
collected from diabetic and non-diabetic
subjects revealed that the pH wvalues
obtained from diabetic subjects deviated
from the normal pH ofhuman gut. There
was decreased in pH a shown in Table 1,
and these decreased were not
statistically significance (P > 0.05). The
mean pH values from the male subjects
were slightly higher than that of the

female.

Butyrate and Propionate were the two
short chain fatty acids analyzed from the
stool samples of diabetic and non-
diabetic subjects. The study revealed
that the respective values ofbutyrate and
propionate were significantly (P < 0.05)
reduced among the diabetic male and

female patients as shown in Table 2.

The blood samples were drawn from
diabetic and non-diabetic male and
female subjects. The study showed that



the mean blood glucose values from

diabetic male and female subjects
increased above the normal standard (70
— 100 mg/dL) and these increased were
not statistically significance (P > 0.05).
There was also slight increase in blood

glucose level of females above the males.

In Vitro Activity of Nauclea latifolia
Fruit Extract in the growth of the

Resistance Bacterial isolates

The phytochemical constituents

Nauclea latifolia fruit extract revealed
of alkaloids,

flavonoids,

the presence saponins,

phenolics, glycosides,

steroids and tannins as shown in Table 4.

Effect of Nauclea latifolia Fruit

Extract on Blood Glucose level in

Diabeic Patients

The mean pH ofthe stool samples from
the experimented subjects revealed that
the pH values from the diabetic patients
ranged from 5.01 —5.11 and this showed
deviation from the normal gut pH, but
the pH

increased in every two months among

values were progressive
the diabetic patients that were taking
NLFE but the

statistically significance (P > 0.05) as

increased was not
shown in Table 5. The progressive
increased in pH tend to restore the

normal pH ofthe gut.

of
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The short chain fatty acids (n-butyrate
and propionate) detected from the stool
samples of the experimented subjects
revealed a progressive increased in their
values in every two months as shown in
Table 6. The study showed that the
progressive increase observed among
the diabetic patients taking NLFE
became statistically significance (P <
0.05) after six months for n-butyrate but
statistically non-significance (P > 0.05)
after six months for propionate as shown

in Table 6.

The mean blood glucose of the stool
samples from the experimented subjects ’
revealed progressive decreased in blood
glucose level of those diabetic patients
taking NLFE in every two months, and
this decrease became  statistically
significance (P < 0.05) after four months
as shown in Table 7. It was observed
that the blood glucose level of the
and those diabetic

normal subjects

patients taking NLFE showed no

significance (P > 0.05) when compared

statistically after six months ofthe study.



Table 1: pH of Stool samples from the Subjects

Subject Mean pH

Normal Male 6.83 + 0.01
Diabetic Male 525+ 0.17
Normal Female 6.73 + 0.07
Diabetic Female 491+ 0.21

Table 2: Short chain fatty acids detected from stool samples ofthe subject mean
values

Subject n — butyrate (mg/ml) Propionate (%)
Normal Male 2.07+0.01 22.81+£0.17
Diabetic Male 0.24 + 0.00 14.62 £ 0.21
Normal Female 2.05+0.01 21.52+0.33
Diabetic Female 0.47 £ 0.01 16.86+ 0.11

Table 3: Blood glucose level of the Subjects

Subject Blood Glucose (mg/dL)
Normal Male 80.11+ 1.12

Diabetic Male 134.86 £2.01

Normal Female 82.02+ 1.33

Diabetic Female 134.18 + 1.22
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Table 4: Phytochemical constituents of Nauclea latifolia fruit extracts

Parameter Value (g/ 100g)
Alkaloid 1.303 + 0.001
Saponins 0.831+£0.001
Flavonoids 0.435+0.003
Tannins 0.216 +0.001
Phenolics 0.366 +0.001
Steriods 0.010 +0.000
Glycosides 1.970+ 0.003

Table 5: Mean pH of stool samples from the experimented subjects

Month N D E

2 6.81+ 0.03 5.11+ 0.07 597+ 0.11
4 6.79 £ 0.01 5.01+ 0.01 6.19+ 0.07
6 6.80+ 0.13 5.04+ 0.03 6.41+0.13

N = Normal People (Control) ,D = Diabetic Patients, E = Diabetic Patients
Administered N. latifolia Fruit Extract

Table 6: Short chain fatty acids detected from the stool samples ofthe
experimented subjects

Month  p-butyrate Propionate

(mg/ml) (%)

N D E N D E
2 2.06 £ 0.01 0.29+ 0.01 098+ 0.01 22.77+0.11 1527+0.33 18.11+0.17
4 2.05+0.01 0.23+0.01 142+ 001 22.68+041 14.61+0.19 19.06+ 0.13

46



6 207+0.01 0.27+0.01 1.83+0.01 22771+£0.11 14.89+0.11 19.92 £0.14

N = Normal people (Control);, D = Diabetic Patients;, E = Diabetic Patients
Administered N. latifolia Fruit Extraact

Table 7: Mean blood glucose level of the stool samples from the experimented
subjects

Glucose Level (mg/ dl)

Month N D E

2 81.50+0.67 188.44+ 1.03 139.67 + 0.81
4 87.13+0.33 18421+ 1.12 121.33+ 1.02
6 85.67+0.19 181.26+ 1.08 103.67+ 0.77
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DISCUSSION

The deviation ofthe gut pH of the diabetic
patients from normal range to more acidic
range could be attributed to the disruption and
destabilization ofthe gut ecosystem, and loss
ofvital gut microbiota. Similar deduction was
made by Verhagen and Nieuwdorp (2018),
Casella and Sabatino (2019),
Nieto (2020) and Rao and Alhaji (2020). The

Garcia and

pronounced decreased in short chain fatty
acids (butyrate and propionate) of the stool
samples drawn from diabetic patients as
compared to non-diabetic subjects reported in
the present study agrees with the findings of
Jelinek and Tweedie (2018), Casella and
Sabatino (2019) and Garcia and Nieto (2020).
Also, the increased in the glucose level ofthe
blood samples drawn from diabetic patients
above the normal standard (70 — 100mg/dl)
reported in the present study supported the
findings of Verhagen and Nieuwdorp (2018)
and Rao and Alhaji (2020).

The presence of alkaloids, saponins, phenolics,
flavonoids, glycosides, steroids and tannins in
Nauclea latifolia fruit extracts agrees with the
findings of Ogunwande and Walker (2011),
Oyedapo and Odunkoya (2013), Adeniji and
Oyedapo (2015) and Ajaiyeoba and Oyedapo
(2017). The presence ofthese phytochemicals

could be responsible for the activities of the
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The
latifolia fruit extract (NLFE) against the

extracts. significance activity of N.
multiple antibiotic resistance bacterial isolates
encountered in the present study supported the
findings of many researchers (Adeniji and
Oyedapo, 2015; Ajaiyeoba and Oyedapo,
2017; Odukoya, 2018;
Ogunwande and Olawore, 2019) who detected
significance effect of NLFE against MAR
the

Oyedapo and

bacterial strains, although bacterial
isolates differed from the one studied in the
present research. The activity of NLFE
against the experimented multiple antibiotic
resistance (MAR) bacterial isolates could be
attributed to the potencies and synergic
activities ofthe phytochemical constituents of
the plant extracts whose activity targeted on
inhibition of protein synthesis, nucleic acid
synthesis and coagulation and denaturation of

protein components ofthe bacterial isolates.

There were also restoration ofthe gut pH and
short chain fatty acids in the present study,
and these were also reported by many
researchers (Jelinek and Tweedie, 2018;
Nieuwdorp and Verhagen, 2018; Casella and
Sabatino, 2019; Garcia and Nieto, 2020; Rao

and Alhaji, 2020).

CONCLUSION



There was decreased in pH and short chain
fatty acids (butyrate and propionate) contents

of stool samples from the diabetic patients.

Also, after six months of administration ofthe
fruit extract, there was progressive restoration
of pH, short chain fatty acids and blood
glucose level among the diabetic patients that
taking NLFE,

were and these became

significance after six months.
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