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ABSTRACT 
Olive leaves and ginger rhizomes are examples of medicinal plants that have been used, separately, for the management 
of different ailments. Diabetes mellitus is a chronic disease that is prevalent around the whole world and is significant 
among adults in Middle Eastern countries. The effect of the combined mixture of olive leaves and ginger rhizome 
aqueous extracts has not been previously studied for its hypoglycemic effect, nor for its effect on gut microbiota in 
the diabetes-induced rat model. This study aims to elucidate the potential effect of the orally ingested combination 
of the aqueous extract of olive leaves and ginger rhizome on the gut microbiota in both healthy and diabetic rats. 
Diabetes was induced by intraperitoneal injection of alloxan monohydrate, and the aqueous extracts were prepared 
in the same homemade preparation method. Each extract and subsequent combination were given separately at a 
dose of 500 mg/kg per day, with or without insulin (6 IU/kg) for 7 days, to every rat in the different groups. Fasting 
blood glucose was carried out to evaluate the diabetic state, and fecal samples were collected at different time points 
for 16s rRNA gene sequencing. The combination of extracts increased bacterial diversity in general and raised the 
Firmicutes/Bacteroidetes ratio in both healthy and diabetic rats. Moreover, while it increased the relative abundance 
of Lactobacillus and Prevotella, it decreased the relative abundance of Clostridium and Bacteroides in healthy rats. 
These results have positive effects on the management of diabetes, by increasing short-chain fatty acid production, 
which can suppress the appetite and prevent damage to pancreatic cells. This study underlines the additional benefits 
of using herbal extracts to retain dysbiosis and improve gut microbiota. 

INTRODUCTION
Diabetes mellitus (DM) is one of the oldest diseases 

known to humans. It was documented in the ancient Egyptian 
civilization 3,000 years ago (Baynest, 2015). DM is a chronic 
metabolic disease clinically characterized by elevated blood 
glucose due to insulin insufficiency or lack of efficacy (Chaudhury 
et al., 2017). Unfortunately, when blood glucose concentrations are 
raised in the tissues, complications arise, including macrovascular, 
microvascular, and neuropathic ailments (Weiss et al., 2000). It is 

expected that by the year 2045 there will be more than 600 million 
diabetic patients worldwide (Yaribeygi et al., 2016). Growing 
evidence indicates that modifications in gut microbiota are related to 
several metabolic diseases, such as obesity and DM (Aw and Fukuda, 
2018). Additionally, the relative abundance of several gut microbes 
was noted to have changed along with the development of DM 
(Zhang et al., 2018). The fecal bacterial composition investigated in 
healthy and diabetic volunteers indicated that a relative abundance 
of Prevotella was significantly reduced in a diabetic group 
compared to a healthy group (Tremaroli and Bäckhed, 2012), while 
a diminished Firmicutes/Bacteroidetes ratio was found in children 
with DM type 1 (Aw and Fukuda, 2018).

Polyphenols are abundant in the plant kingdom. 
Polyphenols are compounds containing one or more aromatic rings 
with at least one hydroxyl group attached. These polyphenols range 
from small and single-aromatic-ringed compounds to those with 
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more than 110 aromatic rings (Bi et al., 2017). These complexes offer 
aroma and pigment to crops and can also influence human health, 
due to their antioxidant properties, free-radical scavenging activity, 
and antimicrobial properties (Chodak, 2012). In the last few years, a 
polyphenol-rich diet has become a popular trend due to its benefits in 
fighting many diseases like DM. Moreover, several in vitro studies 
conducted on animals showed that these polyphenols can inhibit the 
growth of microorganisms such as bacteria (Chodak, 2012; Dueñas 
et al., 2015b). Polyphenols also showed a positive effect on human 
gut microbiota, where Prevotella significantly increased in healthy 
volunteers who consumed red wine polyphenols daily for 4 weeks 
(Queipo-Ortuno et al., 2012). 

The olive tree (Olea europaea) is one of the more famous 
plants that have commonly been used as a traditional treatment 
for combating diseases, due to the fact that they possess abundant 
polyphenolic compounds (i.e., more than 40 g/kg of dry tissue) 
(Afify et al., 2018). Historically, olive leaves have been largely 
used as a treatment for fever and other diseases, such as malaria 
in Europe and Mediterranean countries (Ghanbari et al., 2012). 
Many experiments have shown that oleuropein, the most potent 
polyphenol in olive leaves, demonstrates an extensive range of 
beneficial properties such as anti-inflammatory, antimicrobial, and 
antidiabetic agents (Özcan and Matthäus, 2017). Another famous 
and widely used plant is the ginger rhizome (Zingiber officinale), 
which is rich in polyphenolic compounds like gingerol (Butt and 
Sultan, 2011). The quantity of polyphenolic compounds in the 
rhizome is 3.17 mg/g (Embuscado, 2015). It is a valuable hot 
spice with numerous health benefits in most parts of the world. 
The rhizomes of ginger have traditionally been used for the 
treatment of diabetes, gingivitis, and infectious diseases (Jacob 
and Narendhirakannan, 2019). 

Food and medicines have a significant influence on gut 
microbiota compositions and their roles (Aw and Fukuda, 2018). 
Thus, when using plants as a natural therapy, they may alter gut 
microbiota and their functions in the healthy and diabetic states. 
The shift in gut microbiota due to the aqueous extract of the 
combined mixture of olive leaves and ginger rhizome has not been 
covered comprehensively in the studies so far. Hence, this study 
investigated the effects of orally ingesting the combined aqueous 
extracts of olive leaves and ginger, both with or without insulin, 
on changing gut microbiota in healthy and in alloxan-induced 
diabetic rats. The treatment was conducted for 1 week to evaluate 
the effect of this herbal extract on promoting intestinal health by 
maintaining gut microbial balance through stimulating the growth 
of beneficial bacteria and the inhibition of pathogenic bacteria.

MATERIALS AND METHODS
All the experimental treatments in this study were 

ethically approved by the Institutional Review Board Committee 
for the field of Clinical Pharmacy and Pharmacy Practice at the 
Applied Science Private University (ASU), Faculty of Pharmacy 
(Approval No. 2020-PHA-10).

EXPERIMENTAL ANIMALS AND EXPERIMENTAL 
DESIGN 

Twenty-six Wistar rats of either sex weighing between 
150 and 175 g were used. The rats were divided randomly before 
the experiment into four groups according to Table 1. The rats of 
each group were retained in two separate standard cages (with 
wooden chips as bedding) to avoid gestation. All the groups 
were kept in a stable environment under a 12/12 hour, light-dark 
cycle, in room temperature conditions (25°C/50%–60% relative 
humidity), and a stream of continuous fresh air was available to 
accomplish all required environmental conditions. The rats were 
kept in these conditions for 2 weeks to adapt. They had free access 
to water and were fed with standard food. 

PREPARATION OF EXTRACTS 
Fresh leaves of olive (Olea europaea) were collected 

by handpicking in the middle of October 2019 from a specific 
olive tree plantation farm in Jerash, Jordan. Fresh ginger rhizomes 
(Z. officinale) were bought from the local market in the Amman 
region of Jordan.

The extracts in this study were prepared in the same 
simple traditional way as that of homemade preparation methods 
in local communities. The extracts were freshly prepared every 
other day to preserve freshness and stability. Aqueous olive leaves 
extraction was based on the methods described by Zoair (2014) and 
Abu-Zaiton and Abu-Albasal (2012), with slight modifications. 
Ten grams of clean (washed) olive leaves was weighed, pulverized 
in an electric blender (Model No. MX-GX1521, Panasonic Taiwan 
Co., Ltd., Taiwan), and then soaked in 100 ml distilled water at 
room temperature for 24 hours. Afterward, the whole mixture 
was boiled for 3 minutes to obtain a final concentration of 100 
mg/ml after the filtration process (Abu-Zaiton and Abu-Albasal, 
2012; Zoair, 2014). The aqueous extraction method of the ginger 
rhizomes was adopted from the Abdulrazaq et al. (2012) method, 
with a few modifications. Briefly, 10 g of fresh ginger rhizomes 
was crushed and then soaked in 100 ml distilled water for 24 
hours at room temperature. Then, they were later filtered by cotton 
wool (Model No. FL8008, Forlong Medical Co., Ltd., Wuxi 

Table 1. In vivo, the experiment groups and the treatments that were used.

Groups numbers Status Treatments Total number 
of rats

Number of rats used for 
gut microbiota

Group I Diabetic 6 IU/kg insulin 7 2

Group II Diabetic 6 IU/kg insulin + 500 mg/kg olive leaves extract + 
500 mg/kg ginger rhizome extract 7 2

Group III Diabetic 500 mg/kg olive leaves extract + 500 mg/kg ginger 
rhizome extract 6 2

Group IV Healthy 500 mg/kg olive leaves extract + 500 mg/kg ginger 
rhizome extract 6 2
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Jiangsu, China) to achieve the final concentration of 100 mg/ml 
(Abdulrazaq et al., 2012). Finally, the two olive leaves and ginger 
rhizomes extracts were stored separately in tightly closed amber 
glass bottles in the fridge (at 2°C–8°C) until they were needed.

INDUCTION OF DIABETES
The rats were fasted for 16 hours, and then their blood 

glucose levels were measured before the induction of diabetes 
(Kumbhare and Sivakumar, 2019). DM was induced in the rats 
by a single-dose intraperitoneal injection of alloxan monohydrate 
(purchased from Santa Cruz Biotechnology, California, USA). 
A dose of 150 mg/kg (body weight) alloxan monohydrate was 
prepared in a sterile, cold saline solution (0.9% sodium chloride, 
pH 7) immediately before use (Aluwong et al., 2016). The rats 
were treated with 5% glucose solution (1–2 ml) gavage after 30 
minutes of injection and were then given free access to food. They 
were kept on 5% glucose solution bottles for 24 hours in their 
cages to prevent fetal hypoglycemia due to the massive release 
of insulin from injured pancreatic β-cells (Abu-Zaiton and Abu-
Albasal, 2012). After 4 days of alloxan injection, blood was 
collected from overnight fasted rats, and the fasting blood sugar 
was estimated by using the Accu-Chek glucometer (Performa, 
Roche, Penzberg, Germany). The complete development of DM 
was maintained when the fasting blood glucose levels reached 
≥1.5-fold the baseline reading (Kumbhare and Sivakumar, 2019).

All extract treatments were administered orally once a 
day, and the insulin (Mixtard 30 pre-filled insulin suspension for 
injection obtained from Novo Nordisk, Bagsværd, Denmark) was 
given at a 6 IU/kg single dose subcutaneously once a day (Table 1).

SAMPLES COLLECTION, DNA SEQUENCING, AND 
DATA ANALYSIS

Samples of feces from random rats were freshly collected 
in a sterile plastic Eppendorf centrifuge tube (Model No. TUBE-
170-C, ExtraGene, Inc., Taiwan) on day 0 (d0) (before treatment). 
Fecal samples were again collected from the rats after the first week of 
treatment (d7). After each collection, the fecal samples were directly 
frozen at −80°C and retained until the gut bacteria composition was 
analyzed (Djurasevic et al., 2018). The DNA was extracted from 
the fecal samples using a dedicated DNA extraction QIAamp® 
DNA Mini Kit protocol (purchased from QIAGEN, Germany). 
The extracted DNA was sent to the Molecular Research Lab (www.
mrdnalab.com, MR DNA, Shallowater, TX) for sequencing and data 

processing. Polymerase chain reaction (PCR) amplification of the 
V4 variable region of the 16s rRNA gene was conducted using the 
primers ill27Fmod (AGRGTTTGATCMTGGCTCAG)/ill519Rmod 
(GTNTTACNGCGGCKGCTG) with a barcode on the forward 
primer. The PCR products were checked in 2% agarose gel to determine 
the success of amplification, followed by pooling the purified PCR 
product to be sequenced using Illumina on a MiSeq following the 
manufacturer’s guidelines. Sequencing data were analyzed using 
the MR DNA analysis pipeline (MR DNA, Shallowater, TX, USA). 
Briefly, the sequences were joined and depleted of barcodes, and then 
sequences <150 bp were removed, and sequences with ambiguous 
base calls were neglected. Sequences were denoised, operational 
taxonomic units (OTUs) generated, and chimeras removed. Final 
OTUs were taxonomically classified using BLASTN against a 
curated database derived from  Ribosomal Database Project II and 
National Center for Biotechnology Information (www.ncbi.nlm.nih.
gov, http://rdp.cme.msu.edu). The alpha diversity index, namely, 
Shannon index H, was calculated in the PAleontological STatistics 
program for data analysis version 4.02, after filtering out the readings 
with the relative abundance of <1%. The Shannon index varies 
from 0 for communities with only a single taxon to high values for 
communities with many taxa.

RESULTS

Development of DM and the effect of the extracts’ combination
The fasting blood glucose levels were elevated at least 

four times for the three groups treated with alloxan after 4 days 
of the injection, which were compared with baseline fasting 
blood glucose for each group (Table 2). This increase in the blood 
glucose levels indicates the development of DM.

GUT MICROBIOTA IDENTITY ANALYSIS

Biodiversity, richness, and composition of gut microbiota
The investigated samples from all the groups at d0 

showed an extremely similar Shannon index of 0.85 ± 0.03, which 
varied significantly based on the extract mixture that was used. For 
example, it was the highest (highest biodiversity) for the group III 
diabetic rats after 1 week of administering the combination of olive 
leaves extract and ginger rhizome extract treatment (H = 1.14). On 
the other hand, it was the lowest for group I, i.e., diabetic rats 
treated with 6 IU/kg insulin only (H = 0.80) (Table 3). Richness 
was highest after the treatment for group II and for the members of 

Table 2. Comparative mean fasting blood glucose levels (mg/dl) in the studied groups, initially (before alloxan 
treatment, initial), after 4 days of the treatment (d4), and 1 week after alloxan treatment (d7).

The groups Glucose 
(initial) mg/dl

Glucose (d4) 
mg/dl

Glucose (d7) 
mg/dl

Group I: diabetic (with 6 IU/kg insulin only) 66.3 (±3.7) 282.0 (±148.0) 132.3 (±103.7)
Group II: diabetic (with 6 IU/kg insulin + 500 mg/kg olive leaves 

extract + 500 mg/kg ginger rhizome extract) 66.3 (±3.7) 302.9 (±219.4) 144.4 (±102.2)

Group III: diabetic (with 500 mg/kg olive leaves extract + 500 mg/kg 
ginger rhizome extract) 65.7 (±3.7) 292.3 (±214.9) 495.0 (±105.6)

Group IV: healthy (with 500 mg/kg olive leaves extract + 500 mg/kg 
ginger rhizome extract) 62.5 (±6.5) 85.2 (±8.5) 66.3 (±9.5)

The values represent the mean and the standard deviation (±SD).
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the healthy group, given the combination of the aqueous extracts 
(control group, IV), suggesting a positive effect of the combined 
extracts on increasing richness (represented by the Chao-1 index).

The total number of the detected bacterial phyla was 28; 
however, when considering those with relative abundances that 
are ≥1% among the four studied groups, the number decreased 

dramatically to three phyla, which are Firmicutes, Bacteroidetes, 
and Proteobacteria (Fig. 1). The relative abundance of Firmicutes 
ranges between 24.8% and 74.0%, followed by that of Bacteroidetes 
(17.0%–66.7%), and then Proteobacteria (1.2%–6.9%). At d0 
(i.e., before treatment), group II displayed the highest relative 
abundance of Firmicutes (74.0%) and Proteobacteria (6.9%) and 

Table 3. Alpha biodiversity (richness and Shannon index) of the different members from the studied groups. 
Samples were freshly collected from day 0 before giving anything (d0), and the fecal samples were collected 

again from the same rats after the first week of treatment (d7).

Time No. OTUs No. taxa Shannon (diversity 
(H)) Chao_1 (richness)

Group I
Initial (d0) 25,292 14 0.87 12.0
Final (d7) 24,678 17 0.80 14.5

Group II
Initial (d0) 23,547 14 0.81 16.3
Final (d7) 21,966 19 0.91 19.0

Group III
Initial (d0) 25,216 17 0.84 15.0
Final (d7) 24,959 15 1.14 17.5

Group IV
Initial (d0) 22,215 19 0.87 13.0
Final (d7) 26,140 16 0.88 19.0

Figure 1. Relative abundance of all phyla in fecal samples. Samples of feces were freshly collected from day 0 before giving 
anything (Initial), and the fecal samples were collected again from the same rats after the first week of treatment (Final).
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the least abundance of Bacteroidetes (17%). Group II also had the 
highest relative abundance of Bacteroidetes (66.7%) after 1-week 
treatment (with 6 IU/kg insulin and the extracts’ combination) and 
the least relative abundance of Firmicutes (24.8%). Finally, the 
least abundance of Proteobacteria (1.2%) after 1-week treatment 
was in group I (Fig. 2).

Relative abundance of phyla in fecal samples
The 1-week administration of treatments to the rats led 

to reduced Firmicutes and Proteobacteria in groups I and II and 
increased Bacteroidetes among the groups. However, alternate 

results were found in the gut microbiota of groups III and IV, where 
Firmicutes and Proteobacteria were elevated and Bacteroidetes 
reduced after 1-week treatment (Fig. 2).

The treatments affected the Firmicutes/Bacteroidetes 
ratio in both nondiabetic and diabetic animals. There was an 
increased Firmicutes/Bacteroidetes ratio observed in the gut 
microbiota of groups III and IV (Fig. 3). 

Relative abundance of genera in the fecal samples
Most of the gut microbiota belonging to Firmicutes 

(including Lactobacillus and Clostridium genera) and 

Figure 2. Relative abundance of the most abundant phyla in the fecal samples. Samples of feces were freshly collected from day 0 before giving 
anything (Initial), and the fecal samples were collected again from the same rats after the first week of treatment (Final).
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Bacteroidetes (including Prevotella and Bacteroides genera) 
showed a more marked change than that of other predominant 
genera after 1 week of treatment administration. An increased 
relative abundance of gut microbiota Lactobacillus was observed 
in groups I and IV, while a decrease in Clostridium was detected 
in groups II and IV, regardless of administering insulin or not. 
On the other hand, an increased relative abundance in Prevotella 

was detected in all groups, except group III. A deceased relative 
abundance of Bacteroides was detected only in group IV (Fig. 4).

DISCUSSION
Type 1 diabetes (T1D) is a chronic autoimmune disease, 

clinically characterized by damaging the insulin-producing cells in 
the pancreas. For 75 years, the number of T1D cases has increased 

Figure 3. Ratio (Firmicutes/Bacteroidetes) in fecal samples. Samples of feces were freshly collected from day 0 before giving anything (Initial), and the fecal 
samples were collected again from the same rats after the first week of treatment (Final).
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rapidly in many countries around the world. Several studies have 
put forward that this is not due to genes alone, but also due to 
changes in the environment and lifestyle. These factors have led 
to a distribution of gut microbiota (Knip and Siljander, 2016). A 
gut microbiota imbalance may be the cause of, or may lead to, the 
development of diabetes (Carrera-Quintanar et al., 2018). Today, 
polyphenols compounds that are found naturally in plants have 

received great attention as one approach that could change gut 
microbiota from pathogenic to beneficial (Shabbir et al., 2021). In 
this study, the polyphenol-rich combined aqueous extract of olive 
leaves and ginger rhizome was investigated for its effect on the gut 
microbiota of alloxan-induced rat models.

Alloxan-induced diabetes animal models have been 
commonly used in diabetes in vivo researches. Studies have 

Figure 4. Relative abundance of the most abundant genera in fecal samples. Samples of feces were freshly collected from day 0 before giving anything (Initial), and the 
fecal samples were collected again from the same rats after the first week of treatment (Final).
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shown that alloxan-diabetic rats are hyperglycemic due to damage 
to the insulin-secreting cells of the pancreas (Arun and Nalini, 
2002). Many studies have indicated that alloxan changes the gut 
microbiota community in alloxan-diabetic rats (Dey, 2019).

In the present study, 1 week following various treatments 
to the rat groups led to increased biodiversity microbiota for all 
groups, excepts group I, which received the insulin alone. This 
result can be explained based on data from previous studies, which 
have shown that the intraperitoneal alloxan treatment causes a 
reduction in the gut microbial diversity in diabetic rats relative to 
nondiabetic controls (Dey, 2019). Consequently, the extract with 
or without insulin in this study can demonstrably fight the reducing 
effect of alloxan on the gut microbiota biodiversity in diabetic rats. 
Moreover, it has a positive effect on the gut microbiota biodiversity 
in healthy rats. However, insulin alone has a negative effect on 
the gut microbiota biodiversity in diabetic rats. Many studies have 
suggested that a decreased bacterial biodiversity in children might 
contribute to disease progression autoantibody positivity to clinical 
T1D (Knip and Siljander, 2016). Therefore, the extract may play 
an important role in slowing down or preventing T1D progression 
through its positive effect on the gut microbiota biodiversity. 
Furthermore, it can be administered alongside insulin, as it has 
been shown to prevent the negative effects of insulin on the gut 
microbiota biodiversity of diabetic rats.

The extract alone without insulin led to elevating the 
Firmicutes/Bacteroidetes ratio in both healthy and diabetic rats; 
however, the insulin with or without this extract led to reducing 
the phyla ratio in the other two diabetic groups, therefore 
suggesting a negative effect of insulin on the phyla ratio. Based on 
the diabetic studies at the phyla levels, previous data indicated that 
the decreased Firmicutes/Bacteroidetes ratio was observed in T1D 
(Li et al., 2019). Moreover, the Firmicutes/Bacteroidetes ratio has 
a significantly negative correlation with the plasma glucose level 
(Zhang et al., 2015), and dietary interventions that improved T1D 
have caused an increased Firmicutes/Bacteroidetes ratio (Chen 
et al., 2017).

Recent studies have demonstrated that the change of gut 
microbiota by lower diversity and resilience plays an important 
role in the initiation and development of DM (Li et al., 2019; Wang 
et al., 2017). Moreover, natural compounds, such as polyphenols, 
are vital elements in regulating gut microbiota. Recently, several 
studies have shown that polyphenols have an antidiabetic effect by 
regulating gut microbiota composition and abundance (Li et al., 
2019). 

The induced change in gut microbiota after ingestion 
of the combined extract can be understood based on the 
biochemical effect of the individual extract’s polyphenol 
constituents. The microbiota in the colon are responsible for the 
metabolism of around 95% of the undigested polyphenols from 
daily meals (Dueñas et al., 2015a). Thus, these compounds 
and their metabolites may modify gut microbiota through the 
promotion of the growth of beneficial bacteria and the inhibition 
of pathogenic bacteria (Dueñas et al., 2015a). Firmicutes and 
Bacteroidetes are the main phyla of the gut microbiota involved 
in the breakdown of undigested food residues like polyphenols 
(Zhang et al., 2015). The products of these residues are smaller 
metabolites, such as phenolic acids and short-chain fatty acid 
(SCFAs). The accumulation of the generated SCFAs leads to a 

drop in the pH from 6.5 to 5.5. This acidic pH has a reflective 
effect on the colon microbiota that, on the one hand, suppress 
few genera of Gram-negative and, on the other hand, promote 
few genera of Gram-positive bacteria (Etxeberria et al., 2013). 
Around 95% of these SCFAs are mainly acetate, propionate, 
and butyrate, which can be rapidly absorbed in the colonic 
epithelial cells to provide several antidiabetic effects through 
many potential mechanisms. These mechanisms include altering 
the microbiota composition, stimulating the secretion of the 
gut hormone (glucagon-like peptide 1) that promotes satiety 
in the host, and reducing the systemic lipopolysaccharides 
and inflammation. To illustrate, improving the gut barrier 
function of SCFAs is vital for sufficient mucin synthesis, 
which is important for confirming tight junctions between 
epithelial cells. Mucin deficiency leads to increased intestinal 
permeability, which causes damage to pancreatic cells due to 
increased absorption of exogenous antigens (Aw and Fukuda, 
2018; Ding et al., 2019; Greiner and Bäckhed, 2011; Larsen 
et al., 2010; Munro, 2016; Puddu et al., 2014; Tremaroli and 
Bäckhed, 2012).

Studies into the link between diabetes and gut microbiota 
suggest that the microbes belonging to the phylum Firmicutes 
(including Lactobacillus), as well as other microorganisms 
belonging to the phylum Bacteroidetes (including Prevotella), 
significantly decreased in T1D (Zhang et al., 2015). On the 
contrary, other microorganisms belonging to the phylum 
Firmicutes (including Clostridium) and the microorganisms 
belonging to the phylum Bacteroidetes (including Bacteroides) 
significantly increased in the T1D group (Zhang et al., 2015). 
All these observations have been noted in the diabetic group, 
which was treated with the combined aqueous extract alone in 
this study. To illustrate, Lactobacillus and Prevotella decreased 
and Clostridium and Bacteroides increased after one week of the 
combined aqueous extract administration to the diabetic group. 
This shows that the combination without insulin in this study 
does not possess the ability to shift gut microbiota towards normal 
balance in diabetic rats on the genera levels. 

Although 6 IU/kg insulin only cannot fight the 
elevating relative abundances of Clostridium and Bacteroides, it 
was able to increase the amount of Lactobacillus and Prevotella 
in diabetic rats. Treatment of the diabetic group with insulin and 
the combined extract together led to an increase in Prevotella 
and a decrease in Clostridium. The combination of aqueous 
extracts given orally with subcutaneous insulin induced a 
decrease in the Clostridium levels more effectively than insulin 
alone. Unfortunately, there is insufficient information regarding 
the effect of subcutaneous insulin and this combination on gut 
microbiota in the literature. Therefore, further studies should be 
conducted to clarify this.

The most remarkable results in this work have been 
noted in the healthy group. The combination of the aqueous 
extracts of olive leaves and ginger rhizome shifted the four most 
important genera, and the change was beneficial. The combination 
increased the amounts of Lactobacillus and Prevotella and 
decreased the amounts of Clostridium and Bacteroides. It is 
well documented that the genera Prevotella and Lactobacillus 
are responsible for digesting fibers and polysaccharides and 
producing SCFAs (Alkanani et al., 2015). An increase in 
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Prevotella has been observed in a diet with high plant fibers, 
which is common among African children with grain-rich diets 
(Alkanani et al., 2015).

Furthermore, Žugčić et al., (2019) reported that 
Lactobacillus converts oleuropein to hydroxytyrosol. Accordingly, 
Žugčić et al., (2019) mentioned that olive leaf extracts may have 
a beneficial role in promoting and flourishing probiotic bacteria, 
such as Lactobacillus during this hydrolysis process.

However, an increase in proteolytic Bacteroides bacteria 
has been associated with the “Western diet,” which is characterized 
by being high in protein and fat contents, along with reduced plant 
fiber (Alkanani et al., 2015). Bacteroides appear to be the main 
contributor to microbiome dysbiosis both before the development 
of autoimmunity and after T1D diagnosis (Davis-Richardson 
and Triplett, 2015). Moreover, the Mediterranean diet, which 
is high in fiber with low levels of red meat, leads to decreases 
in Clostridium (Singh et al., 2017). Many species of the genus 
Clostridium are undesirable bacteria that can produce harmful 
products (lipopolysaccharide) that are associated with immune-
related disorders (Dueñas et al., 2015a). Additionally, Žugčić et 
al. (2019) reported that olive leaf extracts may have a beneficial 
role in inhibiting harmful bacteria such as Clostridium.

In conclusion, the combined aqueous extract of olive 
leaves and ginger rhizome has a powerful positive effect on 
the Firmicutes/Bacteroidetes ratio in both healthy and diabetic 
rats. This combination also decreases harmful Clostridium in 
insulin-treated diabetic rats. Additionally, the combined aqueous 
extract has the most notable results in the healthy group, in 
which it increased the amounts of Lactobacillus and Prevotella 
and decreased the amounts of Clostridium and Bacteroides. In 
order to apply these results, which were obtained from the crude 
extractions on humans, more research is still needed. The required 
research should focus on two main lines: (i) identifying the active 
compounds in the extractions and (ii) conducting a similar study 
on diabetic patients. 
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