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ABSTRACT
This study evaluated the anti-diabetic and hepatic protective effect of the aqueous extract of the
Aloe perryi (AP) in streptozotocin-induced diabetic rats. Rat were divided into control, diabetic,
diabetic+glimepiride, diabetic+AP (150 or 300mg/Kg) groups. AP (300mg/Kg) alone lowered
fasting serum glucose levels but increased insulin levels and HOMA-β . At both doses, AP signifi-
cantly decreased hepatic levels of CHOL and LDL-C and reduced serum levels of TGs, CHOL, and
LDL-C, without altering levels of HDL-C in the diabetic rats. Also, they improved liver architec-
tures and reduced serum levels of ALT and AST. Concomitantly, they suppressed hepatic levels
of MDA, and increase hepatic levels of SOD, GSH, CAT, and GPx. Except for lipids, the effect of the
extract on all other parameters was more profound with the higher dose of the extract. In con-
clusion, AP extract exerts hypoglycaemic, insulin-releasing, and hepatic antioxidant potentials in
diabetic rats.
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Introduction

Diabetes mellitus is a complex disorder involving car-
bohydrates, fat, and protein metabolism [1]. It results
from either insulin deficiency, low insulin secretion, or
reduced tissue sensitivity to insulin [2]. Recent statis-
tics show that over 425 million individuals worldwide
havediabetes;which is estimated to increase to 642mil-
lion by 2045 [3,4]. Hypertension, dyslipidemia, obesity,
and cardiovascular diseases are often associated with
diabetes [5,6].

Some drugs are commonly used in diabetes man-
agement and dyslipidemia or atherosclerosis; how-
ever, these have disadvantages including low drug effi-
ciency, toxicity, and side effects. For instance, after 5
years of treatment with sulfonylureas, 34% of diabetics
reported a loss of treatment effectiveness [7]. Another
common side effect is hypoglycemia due to the over-
stimulation of insulin release into the blood [8]. Some
glucose-lowering drugs such as thiazolidinedionesmay
be associated with weight gain and increased low-
density lipoprotein (LDL-C) levels [9]. Such significant
adverse reactions associated with conventional treat-
ments mean it is essential to search for new, natural
compounds to overcome the problems of hyperlipi-
demia and diabetes.

During the last decades, researchers have given
muchattention to theuseof herbalmedicines as a treat-
ment of chronic disorders including diabetes and car-
diovascular disease as they have fewer side effects and
are cheaper [10–13]. Besides, theworld health organiza-
tion (WHO) is encouraging the introduction and devel-
opment of herbal medicine in primary health care [14].
Within this view, more than 800 plants have been listed
as conventional remedies for lowering hyperglycemia
and hyperlipidemia [15,16].

The Aloe plant is a non-food shrub that has long
fleshy leaves with serrated edges and a jelly-like con-
tent, yellow-orange tubular flowers, and tubular fruits
[17]. The plant is a member of the Liliaceae or the lily
family [18]. Currently, more than 500 different species
were reported to belong to the Aloe family [19], with
the species A. vera to be the most studied [17,20].
The chemical analysis of the A. vera revealed the pres-
ence of vitamins (i.e. A, E, and C), enzymes (i.e. per-
oxidases, cellulase, lipase, alkaline phosphatase, car-
boxypeptidase; catalase, amylase, bradykinesia), and,
hormones (i.e. Auxins and gibberellins), Mineral (i.e. Ca,
Fe, Mg, Mn, Zn, etc), sugars and glycoproteins, phe-
nolic compounds (i.e. Anthraquinones), fatty acids (i.e.
β-sitosterol, campesterol, and lupeol), and essential
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amino acids (i.e. salicylic acid), lignins, and saponins
[17,21]. Accordingly, the presence of such antioxidant,
anti-inflammatory, antimicrobial, laxatives, anti-septic,
wound-healing compounds allowed the Aloe species to
be used in skincare, beauty materials production, food
preservatives, and to treat various disorders such as
diabetes mellitus (DM), cancer, bacterial and viral infec-
tions, inflammatory systemic and skin disorders such as
dermatitis, psoriasis Vulgaris, and colitis [17].

Aloe perryi (A. perryi) is grown in the most com-
mon Aloe species in the Arabian Peninsula. The extracts
from the A. perryi have extensively studied in tradi-
tional medicine and used to treat eye infection and
constipation with recent confirmed scientific evidence
with promising anti-tumorigenesis, anti-bacterial, anti-
parasite, andgastrointestinal regulatory effects [22–25].

Recently, Aldayel et al. [26] have characterized the
chemical composition of A. perryi and A. veramethano-
lic extract and have shown that both extract are rich,
anthrones, chromones, anthraquinones, flavonoids,
where the levels of all these components are higher in
A. perryi. Besides, the same authors have shown that the
A. perryi and A. vera methanolic extract has a potent
free radical scavenging and antioxidant abilities and
can suppress the α-glucosidase enzyme, thus implicat-
ingpostprandial hypoglycemic andanti-diabetic effects
[26,20].

Up-to-date, no in vivo evidence supports the hypo-
glycemic andhypolipidemic effect ofA.perryi in humans
and animals, whichwasworthy to be considered. There-
fore, in this study, we aimed to evaluate the hypogly-
caemic, hypolipidemic, and hepatic protective effect
of A. perryi Baker aqueous extract in streptozotocin-
induced DM in rats.

Materials andmethods

Plantmaterial

Aloe perryi (A. perryi ) Baker (Saber Socotri) as a resin
dried parts were obtained from the local market in
Hadibu, Socotra Island, Yemen in 2017. The plant identi-
fied at thePharmacognosyDepartment, Facultyof Phar-
macy, Sana’a University, Yemen, (voucher specimen:
Mo-Sq9) [27].

Preparation of A. perryi Baker aqueous extract
Briefly, the A. perryi Baker resin dried powder (10 g) was
added to 100 mL distilled water, sonicated for 5 min,
and centrifuged at room temperature at a speedof 5000
rpm for 10 min to collect the supernatants. The remain-
ingA.perryi Baker resin residueswere re-extractedusing
a similar procedure and all supernatants were added
together. The A. perryi Baker resin was dried under a
rotatory evaporator and resin dried extract (2 g/10 g
driedweight) was reconstituted in 20mL distilled water
to give a final concentration of 1 g/mL.

Estimation of the total phenolic content

Different concentrations of A. perryi Baker resin extracts
(10, 20, 30, 40, and 50mg/mL) were analyzed for
total polyphenol content usingFolin–Ciocalteumethod
[28]. Aliquots of 0.5mL of standard solutions of gal-
lic acid (0.2, 0.4, 0.6, 0.8, and 1mg/mL) or the A. perryi
extract were mixed with 2 mL 2% sodium carbonate,
2.4 mL deionized water, and 0.1 mL Folin–Ciocalteu
reagent. All samples were then incubated for 60 min at
room temperature and the absorbance was measured
at 750 nm against the blank (deionized water) using
a spectrophotometer (Shimadzu, model 1650PC). The
results were expressed as Gallic acid equivalents (GAE).
All experiments were performed in 3-independent
experiments.

Estimation of the total flavonoid content

Different concentrations of A. perryi Baker resin dried
powder extracts (10, 20, 30, 40, and 50mg/mL) were
assessed for total flavonoid content using the forma-
tion of a flavonoid-aluminum complex as the basis of a
colorimetric method [29]. In brief, 0.5 mL of each stan-
dard catechin solution (0.2, 0.4, 0.6, 0.8, and 1mg/mL)
and the A. perryi extracts were combined with 2.2 mL
distilled water and 0.15 mL 5% NaNO2 solution and
incubated at room temperature for 6 min. Then, 0.15
mL 10% AlCl3 solution was added to each sample and
incubated at room temperature for another 6min. After
that, 2mL4%NaOH solutionwas added to each sample,
vortexed well, and then incubated at room tempera-
ture for 15 min. The results were expressed as Catechin
equivalents (CE). The absorbance was recorded at 510
nm. All experiments were performed in 3-independent
experiments.

Animals

Male AlbinoWistar rats (280–320g) were provided from
the Experimental animal care center, College of Phar-
macy, KingSaudUniversity, SaudiArabia. Ratswere kept
in controlled environmental conditions in stainless steel
cages with a 12h dark/light cycle, 22± 1°C, and 50-55%
humidity, individually. The experimental protocol was
approved by the institutional review board (IRB Num-
ber: 18-0050) of PrincessNourahBint AbdulrahmanUni-
versity, Riyadh, KSAwhichallowedus touseup to60 rats
for this experiment.

Induction of experimental diabetes

This has been done in accordance with the method
described by [30]. Briefly, Streptozotocin (STZ) (CAS
No. 18883-66-4; ThermoFisher, Germany) was freshly
dissolved in warmed 0.1 M, sodium citrate buffer
(pH=4.5) to the desired concentration. Each rat was
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intraperitoneal (i.p) injected with this STZ solution at a
final concentration of 60 mg/Kg. During the first 12 h,
all rats were provided with a 5% glucose solution to
prevent sudden hypoglycemia. Three days later, rats
with blood glucose levels ofmore than 250mg/dLwere
considered diabetic and were included in this study.

Experimental procedure

After the induction of DM, control and diabetic rats
were segregated randomly into 5 groups (n=10/each).
(1) A control group: were control healthy non-diabetic
rats: received an equivalent volume of distilled water
as a vehicle; (2) DM1: were rats with pre-established
type 1 DM and received an equivalent volume of dis-
tilledwater, as a vehicle; (3) DM1+GLB (appositive con-
trol group): were diabetic rats and were administered
glimepiride (UFC Biotechnology, NY, United States)
(10mg/Kg/day, i.p.) sulfonylureas that lower blood glu-
cose levels and stimulate the release of insulin from
the pancreatic β-cells [31]; (4) DM1+AP150: were dia-
betic rats and administered A. perryi Baker aqueous
extract (150mg/Kg); and (5)DM1+AP300:were diabetic
rats and administered A. perryi Baker aqueous extract
(300mg/Kg). The administration of the vehicle and the
extractwere givenbygavage and the experimentswere
conducted for 6weeksonadaily basis. Bodyweekswere
measured every week.

Blood and tissue collection and processing

All rats fasted for 12 h after the last day of week 6 and
then anesthetized (xylazine hydrochloride/ketamine
hydrochloride (10 and 90mg/Kg, i.p)) [32]. Once anes-
thesia was confirmed, blood samples were withdrawn
directly into EDTA and plain tubes, centrifuged 3000
rpm to collect sera, which were kept at at-20°C until
the time of the analysis. After that, all rats were eth-
ically killed, and their livers were removed, placed
on ice-containing dishes, and cut into small pieces.
Small parts were immersed in liquid nitrogen (N2) and
stored at −80 for preparing homogenates and other
biochemical analyses. Other pieces were fixed in 10-
buffer formalin and transferred to the histology labo-
ratory for evaluation. To prepare tissue homogenates
for the biochemical analysis, parts of the livers were
homogenized in 9 volumes of ice-cold PBS in ice, cen-
trifuged (14,000×g/4°C/15min), and collected super-
natants were frozen −80°C for further biochemical
analysis.

Hepatic lipid extraction
This has been done to measure various lipids in frozen
liver using the chloroform/methanol protocol as previ-
ously described [33,34]. Briefly, 1 g of frozen livers was
homogenized with chloroform and methanol solution
(19mL, 2:1, v/v) for 3 times eachof 3min in ice. Then, the

samples were cooled in the fridges for 60min and then
centrifuged (1400 xg/4°C/10min). For each sample, the
lower organic layer containing the lipid fractions was
removed and the solvent was evaporated in a rotatory
evaporator. The resultant dried material was reconsti-
tuted in 200 µl isopropanol. All samples were stored at
−20°C and used later for the analysis of various lipids
using the provided kits.

Protein extraction

This has been performed as described by others
[35]. Briefly, equal tissue weights (0.25 g) from each
frozen liver sample was homogenized in 10mL 0.1 M
NaOH/3.5% NaCl solution. All tubes were incubated at
60 °C for 1.5 h and then centrifuged (4°C/30min/4000
×g) to collect the supernatants which were frozen at
−20 °C and used later to calculated protein concentra-
tions using the modified Lawry method [36].

Biochemical analysis in the serum

Fasting serumglucose and insulin levelsweremeasured
using the respective colorimetric and ELISA assay kits
(Cat. No. 10009582 & Cat. No. 589501, Cayman Chemi-
cal, Ann Arbor, MI, USA, respectively). All analyses were
conducted per the manufacturer’s instruction. In both
analyses, an M-2 Spectramax microplate reader was
used for reading the absorbance of all wells. The home-
ostasis model assessment of β-cell function (HOMA-β)
was calculatedusing the following formula (20× fasting
insulin/fasting glucose − 3.5). The homeostasis model
assessment of insulin resistance (HOMA-IR) index was
calculated according to the following formula [fasting
insulin (ng/mL) × fasting blood glucose (mg/dL)/405].

Determination of serum levels of alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST)

Serum levels of ALT were determined using a colori-
metric assay kit (Cat. No. MBS2540581, MyBioSource,
CA, USA). The method of analysis depends on mea-
suring the levels of pyruvic acid phenylhydrazone that
form a series of reactions that involve (1) conversion
of alanine and α-ketoglutarate to pyruvic acid and (2)
the interaction of this acid with phenylhydrazine. The
levels of AST in all sera samples were measured using
an assay kit (Cat. No. MBS2540582, MyBioSource, CA,
USA). The principle of the test depends on the ability
of AST to generate oxaloacetic acid from the transfer
of keto and amino groups between aspartic acid and
α- ketoglutaric acid. A next decarboxylation step of the
oxaloacetic acid produces pyroracemic acid which can
reactwith 2,4- dinitrophenylhydrazine (DNPH) to yield a
stable molecule named 2,4-dinitrophenylhydrazone. In
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both tests, all measurements were done at 50 nm using
an M-2 Spectramax microplate reader.

Determination of serum and hepatic lipids

The measurement of both CHOL and HDL-C in both
the sera samples and liver extracts was using a com-
mercial fluorometric assay kit (Cat. No. STA-384, Cellbi-
olabs, CA, USA). The principle of the assay is to measure
H2O2 levels (at 570 nm) produced from the hydrolysis of
CHOL esters CHOL (by CHOL esterase) to CHOL, which is
then oxidized by certain reagents to CHOL 4-en-3-one
and hydrogen peroxide (H2O2). The total concentra-
tions of HDL-C or CHOL in every sample was calculated
using a specific standard curve. The levels of TGs in
the sera samples and liver extracts samples were calcu-
lated using a commercially available colorimetric assay
kit (Cat. NO. STA-396, Cellbiolabs, CA, USA). In the test,
the lipase converts total TGs to produce free glycerol.
A next oxidation reaction of the free glycerol produces
H2O2, which can be detected at 570 nm. The levels of
LDL-C were calculated in the sera samples and liver
extracts using a commercially available assay kit (Cat.
No. 80069, Crystal Chem, CA, USA). The principle of the
test is to prevent the oxidation of various lipids (i.e. chy-
lomicron, LDL-C, VLDL-C) from oxidation by with CHOL
oxidase and CHOL esterase by precipitating them after
interaction with and polyethylene-glycol methyl ether
(PEGME) and polyvinyl sulfonic acid (PVS) whereas the
unconjugated HDL is oxidized by these enzymes. Then
LDL-C is released from this complex and undergoes cer-
tain reactions to produce H2O2, which wasmeasured at
an absorbance of 600 nm (M-2 Spectramax microplate
reader). All analyses were performed according to the
manufacturer’s protocols.

Biochemical determination in the liver
homogenates

Levels of Malondialdehyde (MDA), superoxide dismu-
tase (SOD), catalase (CAT), and glutathione peroxidase
(GPx), in all liver homogenates, were measured using
a specific rat’s ELISA kit (Cat. No. MBS738685, Cat.
No. MBS036924; Cat. No. MBS9712526, and Cat. No.
MBS774703 MyBioSource, CA, USA, respectively). Total
homogenate levels of reduced glutathione (GSH) were
measured using an assay kit (Cat# 7511-100-K, R&D sys-
tems, MN, USA). All analyses were performed per the
manufacturer’s established methods. The absorbance
of each well plate for each analysis was performed on
the M-2 Spectramax microplate reader.

Histological evaluation

This has been done by staining the tissues with hema-
toxylin and eosin (H and E). In brief, freshly collected
tissues were fixed in 10% buffered formalin solution for

20 h. After that, dehydration was performed in ascend-
ing alcohol concentration. The following clearance step
was done in xylene. After this step, the tissues para-
sitized, cut at 3-5 µM, and then stained with H&E. Pho-
tographswere capturedusingNikonEclipse lightmicro-
scope (model ME600).

Statistical analysis

Statistical analysis was done on Graphpad Prism soft-
ware (version 8). The differences between bodyweights
over the different periods of types between all groups
of rats were analyzed using 2-way ANOVA followed
by Tukey’s t-test. Differences between all other mea-
sured parameters were done using 1-way ANOVA and
Newman–Keuls Multiple Comparison Test. All data
were given asmean± standard deviation (M± SD). The
degree of significance was considered at p < 0.05.

Results

Total polyphenol and flavonoid contents

We have determined the phenolic and flavonoid con-
tents in increasing concentrations of the A. perryi aque-
ous extract. We have found increased concentrations
of both phenolic and flavonoid contents with increas-
ing the extract concentration (Table 1). However, at
anymeasured concentration, the phenol contents were
higher than the flavonoid contents (Table 1). Total phe-
nols varied from 27-76mg GAE whereas flavonoid con-
tent ranged from 24-53mg CE (Table 1).

Effect of A. perryi extracts on bodyweight

The weekly alterations in rats’ body weights through
the experimental period are depicted in Table 2. A
significant weight loss was observed in diabetic rats
(DM1) starting from week 1 until the end of week 6
(Table 2). All other tested groups including DM1+GLB,
DM1+AP150, and DM1+AP300 showed a significant
decrease all through the 6 weeks as compared to con-
trol rats (Table 2). However, when compared to DM1-
induce rats, body weights were significantly increased
in theDM1+GLB andDM1+AP300 during the 4th, 5th,
and6th week.However, the administrationofAP150 sig-
nificantly but slightly increased the final body weights
of treated rats as compared to diabetic rats weeks only

Table 1. Total flavonoids and phenolic content in the aqueous
extract of the Aloe perryi Baker.

Aloe perryi Baker resin concertation (mg/mL)

10 20 30 40 50

Flavonoid(mg CE) 24± 2 26± 0.5 38± 1.4 42± 3 53± 2.6
Phenolic(mg GAE) 27± 0.2 35± 2.8 54± 1.4 67± 2.4 76± 2.7

CE = catechin equivalent. GAE: gallic acid equivalent. Data were analyzed
as mean± SD of three experiments each performed in triplicates.
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Table 2. The weekly change in body weight (g) of all experimental groups of rats.

initial 1st W 2nd W 3rd W 4th W 5th W 6th W

Control 299± 12 318± 26 346± 32∗ 378± 44∗ 402± 25∗ 435± 25∗ 466± 30∗
DM1 299± 23 285± 9.4∗a 276± 17∗a 254± 37∗a 253± 4∗a 241± 34∗a 243± 14∗a
DM1+GLB 299± 15 258± 38∗a 237± 26∗ab 240± 20∗a 263± 17∗a 280± 14∗ab 333± 22∗ab
DM1+AP150 298± 34 256± 33∗a 243± 11∗ab 245± 22∗a 244± 23∗a 244± 26∗ac 268± 9∗abc
DM1+AP300 299± 25 260± 23∗a 252± 10∗a 257± 35∗a 260± 44∗a 277± 36∗ab 327± 32∗abd

Data are expressed as mean± SD (n= 10/group) at p < 0.05. Means were compared using two-way ANOVA followed by Tukey’s t-test. ∗: significantly differ-
ent as compared to initial body weight. a: significantly different as compared to control rats. b: significantly different as compared to STZ-induced diabetes
mellitus rats (DM1), c: significantly different as compared toDM1+ glimepiride (GLB)-treated rats. c: significantly different as compared toDM1+ Aloeperryi
(150 mg/kg) (AP150)-treated rats. d: significantly different as compared to DM1+ Aloe perryi (300 mg/kg) (AP300)-treated rats.

by the end of week 6. However, the ANOVA analy-
sis revealed that the increase in final body weights in
DM1+GLB and DM1+AP300 were not significantly
varied during the 5th and 6th weeks of the experiments
as compared with each other but were significantly
higher than those seen in DM1+AP150 (Table 2).

Effect of A. perryi extracts on glucose and insulin
levels

Fasting serum levels of glucose were significantly
increased whereas fasting insulin levels were signif-
icantly decreased in DM1-induced rats as compared
to control non-diabetic rats (Figure 1(A,B)). Besides,
calculated HOMA-IR and HOMA-β were significantly
decreased in DM1-induced rats as compared to control

rats (Figure 1(C,D)). However, the levels of glucose were
significantly decreased and the levels of fasting insulin,
HOMA-IR and HOMA-β were significantly increased in
DM1+GLBandDM1+AP300-treated rats as compared
to DM1-induced rats with no significant differences
among them when compared to each other (Figure
1(A-D)). However, althoughDM1+AP150 showeda sig-
nificant increase in fasting glucose levels, they showed
no significant levels of fasting insulin, HOMA-IR and
HOMA-β as compared to DM1-induced rats or other
treated groups (Figure 1(A-D)).

Effect of A. perryi extracts on lipid profile

Serum and hepatic levels of CHOL, TGs, LDL-C were
significantly increased whereas serum and hepatic

Figure 1. Serum levels of fasting glucose (A) and fasting insulin (B) levels, as well as calculated homeostasis model assessment of
insulin release, β cell function (HOMA-β) and insulin resistance (HOMA-IR) in all experimental groups of rats. Data are expressed
as mean± SD (n= 10). Values were considered significantly different at p < 0.05. a: significantly different as compared to control
non-diabetic rats. b: significantly different as compared to streptozotocin-induced diabetic rats (DM1). c: significantly different as
compared to DM1+ glimepiride (GLB)-treated rats. d: significantly different as compared to DM1+ Aloe perryi (AP) (150 mg/Kg)-
treated rats. AP300: Aloe perryi (AP) (300 mg/Kg). HOMA-IR = [fasting insulin (ng/mL) × fasting blood glucose (mg/dL)/405], and
HOMA-β = 20× fasting insulin/fasting glucose− 3.5.
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Figure 2. Serum levels of high-density lipoprotein cholesterol (HDL-C) (A), total triglycerides (TGs) (B), total cholesterol (CHOL) (C),
and low-density lipoprotein cholesterol (LDL-C) (D) in all experimental groups of rats. Data are expressed as mean± SD (n= 10).
Values were considered significantly different at p < 0.05. a: significantly different as compared to control non-diabetic rats. b: sig-
nificantly different as compared to streptozotocin-induced diabetic rats (DM1). GLB: Glimepiride. AP150: Aloe perryi (150 mg/Kg).
AP300: Aloe perryi (AP) (300 mg/Kg).

levels of HDL-C were significantly decreased in DM1-
induced rats as compared to control non-diabetic rats
(Figure 2(A-D) and Figure 3(A-D)). However, DM1+GLB
showed a significant reduction in serum and hep-
atic levels of CHOL, TGs, and LDL-C as compared to
DM1-induced rats (Figure 2(A-D) and Figure 3(A-D)).
On the other hand, hepatic levels of CHOL and LDL-
C, as well as serum levels of CHOL, TGs, and LDL-C
were significantly decreased in both DM1+AP150 and
DM1+AP300-treated rats and were not significantly
different as compared to their levels in DM1+GLB-
treated rats (Figure 2(A-D) and Figure 3(A-D)). However,
all treatments didn’t modify levels of HDL as compared
to DM1-induced rats (Figure 2(A-D) and Figure 3(A-D)).

Effect of A. perryi extracts on liver function,
architecture, and oxidative stressmarkers

Circulatory levels of ALT and AST were significantly
increased in the sera of DM1-induced rats as com-
pared to control rats (Figure 4(A&B)). Besides, the liver
section of these rats showed damaged and swelled
hepatocytes, constricted central vein, increased accu-
mulation of lipid vacuoles, and inflammatory cell infil-
tration (Figure 5(B-C)). Also, levels of SOD, GPx, CAT,
and GSH were significantly decreased whereas hep-
atic levels of MDA were significantly increased in

the liver homogenates of DM1-induced rats as com-
pared to control rats (Figure 6(A-E)). Serum levels of
both ALT and AST, as well as hepatic levels of MDA,
were significantly decreased but hepatic levels of GSH,
SOD, GPx, and CAT were significantly increased in all
treated groups including DM1+GLB, DM1+AP150,
and DM1+AP300-treated rats as compared to DM1-
induced rats (Figure 4(A&B) and Figure 6(A-E)). More-
over, the liver sections of all these treated groups
showed big improvement with a significant reduction
in hepatocyte damage, lipid accumulation, central vein
diameter, and inflammatory cell infiltration (Figure 5(D-
F)). However, the improvements in all these markers, as
well as in the structures of the liver tissues were more
profound in the diabetic rats, which were treated with
GLB andAP300 (Figure 4(A&B), Figure 5(A-F), and Figure
6(A-E)).

Discussion

This study is the first one to examine the potential
protective roles of A. perryi Baker against STZ-induced
hyperglycemia, insulin deficiency, and liver damage.
The main findings of this study showed that the aque-
ous water extract of the A. perryi, as tested at 150
and 300 mg/Kg, not only reduced fasting serum glu-
cose levels and increased fasting serum insulin levels,
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Figure 3. Hepatic levels of high-density lipoprotein cholesterol (HDL-C) (A), total triglycerides (TGs) (B), total cholesterol (CHOL)
(C), and low-density lipoprotein cholesterol (LDL-C) (D) in all experimental groups of rats. Data are expressed as mean± SD
(n= 10). Values were considered significantly different at p < 0.05. a: significantly different as compared to control non-diabetic
rats. b: significantly different as compared to streptozotocin-induced diabetic rats (DM1). c: significantly different as compared to
DM1+ glimepiride (GLB)-treated rats. AP150: Aloe perryi (150 mg/Kg). AP300: Aloe perryi (AP) (300 mg/Kg).

Figure 4. Serum levels of alanine aminotransferase (ALT) (A) and aspartate aminotransferase (AST) (B) in all experimental groups of
rats. Data are expressed as mean± SD (n= 10). Values were considered significantly different at p < 0.05. a: significantly different
as compared to control non-diabetic rats. b: significantly different as compared to streptozotocin-induced diabetic rats (DM1). c:
significantly different as compared to DM1+ glimepiride (GLB)-treated rats. d: significantly different as compared to DM1+ Aloe
perryi (AP) (150 mg/Kg)-treated rats. AP300: Aloe perryi (AP) (300 mg/Kg).

but also suppressed hepatic CHOL and LDL-C synthe-
sis and reduced serum levels of CHOL, LDL-C, and TGs
in STZ-induced rats. Besides, both doses of the extract-
improved architectures of the livers reduced serum
injury marker enzymes and suppressed hepatic oxida-
tive stressbyattenuating lipidperoxidationand increas-
ing the levels of SOD, CAT, GPx, and GSH. However, a
more profound effect in all measured parameters was
observed with the higher dose, an effect that was com-
parable to that afforded by Glimepiride.

Intraperitoneal administration of STZ (55-60mg/Kg)
is themost common protocol that induces T1DM in rats
and results in similar manifestations to those reported
in humans [37]. In general, STZ is rapidly taken by
the GLUT2 glucose transporter in the pancreatic β

cells and induces their degeneration by acting through
different mechanisms including the generation of car-
bonium radicals and highly reactive ROS, increasing
the production of nitric oxide (NO) through activat-
ing nitric oxide synthases (NOS), inducing inflammatory
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Figure 5. Histological features in the livers of all groups of rats as stained with hematoxylin and eosin (H&E) (200x). A: was taken
form a control rat and showed normal liver architecture with normally sized hepatocytes (long arrow) radiating from a central vein
with intact normal-sized sinusoids (short arrow). B and C: were taken from streptozotocin-induced diabetic rats (DM1) and showed
small central vein, swelled (long arrow), and damaged (short arrow) hepatocytes. Lipid accumulation was evident in most of the
hepatocytes with the appearance of lipid vacuoles (Red arrow) and inflammatory cells (Curved arrow). D, E, and F: were taken from
DM1+ glimepiride (GLB), DM1+ Aloe perryi (AP) (150 mg/Kg), and DM1+ Aloe perryi (AP) (300 mg/Kg)-treated rats and showed
much improvement in the structure of the hepatocytes. However, few fat vacuoles (short arrow) and less damaged hepatocytes
(long arrow) are still observed in DM1+ glimepiride (GLB) and DM1+ Aloe perryi (AP) (150 mg/Kg)-treated groups. Almost normal
liver structure was observed in DM1+AP300-treated rats.

cytokines production and DNA fragmentation and
methylation [37–41]. These events lead to the destruc-
tion of 60-80% of β-cells, thus reducing insulin pro-
duction and inducing sustained hyperglycemia [37].
Besides, STZ-induced T1DM is associated with severe
loss of body weights due to increased muscle wast-
ing, degradation of muscle proteins, and inducing adi-
pose tissue and muscle glycolysis and lipolysis as a
result of insulin deficiency [42–46]. Of note, the test,
HOMA-β is used usually to quantify β-cell function
in T1DM patients and animals and is positively corre-
lated with the cell mass [47,48]. On the other hand,
HOMA-IR is the major index of insulin resistance and is
always commonwith obesity,metabolic syndrome, and
T2DM [48].

Sulfonylureas such as glimepiride (Amaryl) and
glibenclamide (glyburide) are anti-diabetic drugs to
treat hyperglycemia in T1DM and T2DM as they stimu-
late the release of insulin production and secretion from
the survival β cells through membrane depolarization-
induced Ca+2 influx mediated by suppressing the
membranous ATP-sensitive K+ channels [49–51]. How-
ever, although, their use is restricted in humans due
to poor bioavailability, limited action, the prevalence
of hypoglycemia, and cardiovascular risk [51], several
studies have used sulfonylureas as a standard diabetic
drug that can be compared to other anti-diabetic com-
pounds [50]. In this study, we have selected glimepiride
as our reference drug at a dose (10mg/Kg/day) that is
very close and comparable to the one used in humans
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Figure 6. Hepatic levels of glutathione peroxidase (GPx) (A) superoxide dismutase (SOD) (B), catalase (CAT) (C), malondialdehyde
(MDA) (D) and glutathione (GSH) (E) in all experimental groups of rats. Data are expressed as mean± SD (n= 10). Values were con-
sidered significantly different at p < 0.05. a: significantly different as compared to control non-diabetic rats. b: significantly different
as compared to streptozotocin-induceddiabetic rats (DM1). c: significantly different as compared toDM1+ glimepiride (GLB)-treated
rats. d: significantly different as compared to DM1+ Aloe perryi (AP) (150 mg/Kg)-treated rats. AP300: Aloe perryi (AP) (300 mg/Kg).

(8mg/Kg) [51] and compared its effects with those
exhibited by A. perryi Baker extract.

Similar to these studies, we have also found higher
fastingglucose levels, fasting reduced insulin levels, and
low values of HOMA-β and HOMA-IR in STZ-induced
diabetic rats, thus confirming a state of T1DM due to
reduced insulin secretion. However, the reduction in
HOMA-IR is expected in this animal model due to a
lack of insulin rather than impairing its peripheral sig-
naling. Also, diabetic rats showed a significant reduc-
tion in their final body weights which could be expi-
ated by the associated hypoinsulinemia. On the other
hand, the administration of glimepiride and A. perryi
Baker extract (only at 300mg/Kg) significantly increased
blood insulin levels, reduced fasting hyperglycemia,
and significantly improved rat’s final body weights to
a level that is comparable to the one observed in

glimepiride-treated rats. In this study, we have adminis-
tered A. perryi extracts to diabetic rats at two doses 150
and 300mg/Kg on daily basis [51–53]. Since the stud-
ies on the anti-diabetic effect of this species are rare,
we have adopted these doses from similar studies using
the sister speciesA.verawhich have beendemonstrated
to exhibit hypoglycaemic and insulin-releasing effect in
rats when used at closer doses (200 and 300mg/Kg)
[51–53]. Herein, the administration of A. perryi extracts
to diabetic rats at a dose of 150mg/Kg reduced fast-
ing glucose levels with no alternation in the serum lev-
els of insulin nor the levels of HOMA-β but reduced
the values of HOMA-IR, thus indicating a possible role
in improving peripheral insulin signaling at this low
dose. On the contrary, the significant increase in fast-
ing insulin levels and HOMA-IR with the concomitant
reduction in the values of HOMA-β in the diabetic rats
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which received the higher dose of the extract suggest
an insulin-releasing potential of the extract. However,
the increase in HOMA-IR in this group of rats could
be explained by the increase in remaining higher lev-
els of glucose. Therefore, the increase in insulin lev-
els/action could, at least, explain the significant pro-
gressive improvement in rats’ body weights. However,
since food intake was not reordered in this study, it
could be also possible that the extract may also par-
ticipate in the increment of the body weights of rats
by increasing their appetite. Unfortunately, food intake
was not monitored in this study and could influence
these result. Overall, these findings indicate that the
hypoglycemic effect of A. perryi involves both increas-
ing insulin secretion and insulin-independent hypo-
glycemic effect, which may involve improving insulin
sensitivity. However, the hypoglycemic and insulin-
releasingeffect of glimepiride couldbeexplainedby the
mechanism explained above.

However, our data still not sufficient to explain the
precise mechanisms that explain the hypoglycemic
effect of A. perryi. This could be mediated by stimu-
lating the generation (proliferation) and/or increasing
insulin secretion from the remaining β-cells, reducing
ROS generation in β-cells, stimulating glucose periph-
eral disposal, and suppressing hepatic gluconeogene-
sis. At this stage, further studies are required to con-
firm these effects. Although these data are the first to
be shown for A. perryi, several lines of evidence sup-
port the hypoglycaemic effects of other Aloe species
at similar relevant doses. Within this view, administra-
tion of A.vera (A. barbadensis) gel extract or ethanolic
leaves extract (200 and 300 mg/Kg) to control, glucose
loaded, and or to STZ-diabetic rats significantly atten-
uated blood glucose levels and reduced the levels of
glycosylated hemoglobin (Hb1AC) through suppress-
ing the activity of gluconeogenic enzymes and possibly
by increasing the survival of β-cells and/or stimulating
insulin release from the β-cells [51–53]. Similar hypo-
glycaemic effects of A. vera aqueous leaf extracts were
also reported in STZ and alloxan-induced diabetic rats
aswell as in human subjectswith T2DMat doses various
ranges between 100-300mg/Kg [54–56].

Another important finding in this study is the anti-
hyperlipidemia effect of the extract of A. perryi. In gen-
eral, hepatic lipid metabolism is a very delicate bal-
ance that requires high expression of the Sterol regu-
latory element-binding proteins (SREBPs). In the liver,
SREBP1 induces FAs and TGs synthesis whereas SREBP2
mainly regulates CHOL synthesis [57]. Under normal
conditions, insulin stimulates hepatic lipid synthesis by
increasing the expression of SREBP1/2 [58]. At the same
time, insulin is required to activate the endothelium-
bound glycoprotein enzyme, lipoprotein lipase (LPL)
that hydrolyzes circulatory TGs and generates HDL-C
[59]. In the absence of insulin as in T1DM, the activ-
ity of LPL is diminished and the lipolysis in peripheral

tissues is activated [59]. These events lead to hyper-
triglyceridemia andan increased influxof free fatty acids
(FFAs) to the liver, events that stimulate the synthe-
sis of VLDL-C and LDL-C, and reduce the production
of HDL-C, leading to dyslipidemia. Besides, although
insulin is required for the activation of SREBP2, hyper-
glycemia alone, and independent of insulin, stimulates
hepatic expression and activity of both SREBP1 and
SREBP2, thus increasing hepatic cholesterol and TGs
synthesis, leading to hepatic steatosis and dyslipidemia
[60,61].

Indeed, STZ-induced DM is associated with hyper-
cholesterolemia and hypertriglyceridemia that is char-
acterized by high hepatic and circulatory levels of TGs,
TC, LDL-C, and VLDL-C with a coincided reduction in
HDL-C [62]. These were also observed in the livers of
STZ-induced T1DM in the rats of the current study,
this confirming a lipid disorder. However, glimepiride
significantly reduced hepatic and serum levels of TGs,
CHOL, and LDL-C and significantly but slightly atten-
uated HDL-C levels. These effects could be explained
basically by the concurrent hypoglycemic and insulin-
releasing effects of this drug as previously demon-
strated in patients with T1DM [63]. Of note, the admin-
istration of both doses of A. perryi significantly reduced
hepatic levels of CHOL and LDL-C but didn’t affect the
hepatic levels of TGs. However, it significantly reduced
serum levels of CHOL, LDL-C, TGs but didn’t modify
levels of hepatic nor serum levels of HDL. The signifi-
cant reduction in hepatic levels of TC and LDL-C indi-
cates that the extract of A. perryi interferes with the de
novo synthesis of CHOL possibly through suppressing
intestinal cholesterol synthesis, inhibiting of SREBP2, or
inactivating the hydroxymethyl glutaryl CoA (HMGCoA)
reductase, the key enzymes in hepatic CHOL synthesis
[64]. However, sincehepatic TGs contentdidnot change
in the livers of T1DM-induced rats after receiving the
A. perryi extracts, we could expect that the extract has
nothing to do with the expression/activation of SREB1
nor the process of fatty acids (FAs) synthesis or oxida-
tion. Besides, the reduction in serum levels of TGs could
be explained by the improvement of TGs levels due to
the enhancement of LPL due to increased insulin levels,
as discussed above. Nevertheless, it is well established
that the levels of TGs synthesis are inversely propor-
tional to the circulatory levels of HDL-C [65]. Given the
unchanged levels of TGs in the livers of diabetic rats,
which administered both doses of A. perryi extract, it
is reasonable to see low levels of circulatory HDL-C.
However, these mechanisms need further clarification
in more detailed experiments.

The hypolipidemic effect of Aloe plants was mostly
demonstrated using the species A. vera. Indeed, admin-
istration of A. vera gel powder extract (150mg/kg)
to alloxan-induced diabetic rats significantly lowered
serum levels of VLDL-C, LDL-C, TC, and TGs but
increased serum levels of HDL-C [64,66]. In the same



JOURNAL OF TAIBAH UNIVERSITY FOR SCIENCE 1681

way, A. vera polysaccharides prevented the develop-
ment of alcoholic fatty liver in rats by suppressing
TGs synthesis and hepatic lipid accumulation through
increasing the FAs oxidation mediated by increasing
the expression and activity of AMPK/PPARα axis with-
out affecting the expression of SREBP1 or FAs synthesis
genes [67]. Also, the administration of A. vera extracts
(25, 50, or 100mg/kg) to T2DM rats reduced hepatic TGs
synthesis and prevented hepatic steatosis [68]. There-
fore, the variation in the effect of different Aloe species
on TGs synthesis needs further investigation to accu-
rately describe their hypolipidemic effects.

Nonetheless, DM is an oxidative stress disorder
where an overproduction of ROS and depletion of
antioxidants in various tissue are the major hallmarks
of the disease and are responsible for several diabetic
complications including retinopathy, nephropathy, car-
diotoxicity, hepatic damage, and endothelial dysfunc-
tion [69–72]. Hyperglycemia, and independent of any
other factor is believed to be the sole major trigger that
produces ROS and initiates oxidative stress in most tis-
sues through differentmechanisms including autoxida-
tion, increasing the production of diacylglycerol (DAG)
and advanced glycation products (AGE), and activa-
tion of numerous pathways such as protein kinase C
(PKCs), hexosamine, and polyol pathways [73]. In the
liver, like any other tissue, ROS not only induces tis-
sue damage by increasing lipid peroxidation but also
overwhelms antioxidant enzymes and thiols, induces
inflammation, inactivate proteins and other enzymes,
and impairs insulin signaling, thus creating a positive
feedback loopof sustainedhyperglycemia [69,73,74].Of
note, althoughROS inDM is triggeredbyhyperglycemia
during theearly stages, their productionduring the later
stages is not related to hyperglycemia [69,75]. There-
fore, the use of drugs that control glucose levelswas not
shown to protect against DM-induced hepatic damage
where concomitant antioxidant therapy was shown to
be an effective strategy [69,75].

Hepatic damage due to hyperglycemia-induced
oxidative stress iswell documented in experimental ani-
mal models of STZ-induced DM where various plant
extracts or the use of antioxidants afforded produc-
tion [75–78]. Similar to these studies, higher levels of
hepatic injury markers (i.e. ALT and AST) with degen-
erative changes in the liver structure we observed in
DM-induced rats. These effects were associated with
increased hepatic MDA levels and concurrent decrease
in the activities/levels of CAT, SOD, GPx, and GSH.
However, the administration of glimepiride or A. per-
ryi extract at both doses preserved liver structure and
revised the alterations in the levels of serum liver mark-
ers and hepatic levels ofMDA and antioxidant enzymes.
These effects could be attributed to their observed
hypoglycaemic effect. However, sulfonylureas such as
Glibenclamide was shown to protect the livers and kid-
neys in STZ-treated rats by increasing SOD and CAT,

independent of its hypoglycaemic effects, thus suggest-
ing direct antioxidant effects [79,80]. In the same line,
Gliclazide improved antioxidants in T2DM patients as
well in experimental studies, in vivo, and in vitro [81–83].
On the other hand, the antioxidant potential of A. perryi
was demonstrated in vitro [27]. Although the hepato-
protective effect of A. perryi was poorly investigated,
many other studies support the hepatoprotective, ROS
scavenging, and antioxidant stimulatory effects of A.
vera, at concentration between 100-300mg/kg, in sev-
eral animal models of liver injury including STZ, car-
bon tetrachloride (CCL4), paracetamol, aflatoxins B1,
alcohol, petroleum products, benzene hexachloride-
induced hepatotoxicity [50,67,84,85,86]. Besides, the
antioxidant potential of A. vera was shown to be
more effective than those afforded by α-tocopherol,
in vitro [87].

However, themedicinal beneficial effects of A. vera is
attributed to its chemical composition that is rich vita-
mins, enzymes, hormones, minerals, sugars, flavonoids,
glycoproteins, phenolic compounds, fatty acids, and
essential amino acids, lignins, and saponins [17,21].
However, in this study, we have also shown that the
extractA.perryi is very rich also in flavonoids andpheno-
lic compounds, which are known for their antioxidant,
hypolipidemic, and antioxidant effects [88,89]. A recent
study investigates the full phytochemical analysis of
A. perryi, HPLC-UV, and LC-MS showed that anthrones,
and chromones as major phenolic contents [26]. The
presence of such ingredients may explain the observed
biological effect of the extracts of A. perryi Baker in
this study.

Despite this, this study still has some limitations.
Besides, the effect of A. perryi on molecular pathways
regulating intestinal lipid absorption, hepatic lipid syn-
thesis, glucose metabolism, and insulin sensitivity and
signaling was not investigated in this study to explain
our descriptive results are highly encouraged to draw
a possible mechanism of action. Besides, further stud-
ies are needed to determine the pharmacokinetics of
A. perryi extract in the blood and tissues to determine
their availability and effects. Furthermore, further stud-
ies are needed to extrapolate the doses used in the ani-
mals to humans by usingmore advancedmathematical
models.

Conclusion

The findings of the present are introductory for future
studies on the possible anti-diabetic effect of A. per-
ryi Baker. Our data showed the ability of A. per-
ryi Baker aqueous to reduce fasting blood glucose,
increase insulin action, and attenuate abnormal lipid
metabolism in STZ-diabetic rats. However, many tests
and examinations are needed to understand the under-
lying mechanisms and identify the active ingredients.
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