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ABSTRACT

Oxidative stress and inflammation precipitate muscular atrophy in diabetes
mellitus. The antioxidant and anti-inflammatory activities of Ocimum gratis-
simum L. (OG) is well documented. Thus, the effect of OG on muscular atrophy
in diabetic rats was investigated. Twenty rats grouped as Control, OG, Diab
and Diab+0OG were administered distilled water or OG for 28 days. Glycogen
content was determined in gastrocnemius muscle, oxidative stress biomark-
ers were assessed in right rectus femoris and extensor digitorum longus mus-
cles while histomorphometry analysis was done in the contralateral muscles.
Elevated blood glucose and depleted glycogen content were observed in the
Diab (204.75 + 9.95mg/dl and 0.09 + 0.03mg/ml) and reversed in Diab+OG
(90.01 + 26.50mg/dl and 0.36 + 0.05mg/ml). The lengths of the rectus femo-
ris and extensor digitorum longus muscles were reduced while malonaldehyde
increased in Diab (0.420 + 0.031umol/1) compared with Diab+OG (0.370 +
0.01umol/1). In conclusion, OG prevented atrophy and promoted glycogenesis
by decreasing lipid peroxidation in the skeletal muscles of diabetic rats.
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INTRODUCTION

Onset, progression and complications of diabetes mellitus are closely associat-
ed with oxidative stress resulting from prolonged hyperglycemia'. The charac-
teristic uncontrolled hyperglycemia can directly increase free radical produc-
tion through autoxidation of glucose?, nonenzymatic reaction of glucose with
protein leading to formation of Advanced Glycation End products?, enhanced
glucose channeling to the sorbitol pathway+* and enzymatic induction of Nitric
Oxide Synthase® among other pathways generating free radicals at different
levels®. The increased expression of inducible nitric oxide synthase (iNOS) sec-
ondary to hyperglycemia is activated by inflammation-sensitive Nuclear Factor
kappa B (NF-kB)” which contributes to muscle atrophy in diabetes mellitus®.

Muscle atrophy results from imbalanced protein synthesis and degradation
which is a stray in maintaining muscle homeostasis crucial for preserving the
body’s integrity and function®°. Diabetic muscular atrophy (DMA) is a com-
plication of diabetes mellitus characterized by proximal lower extremity mus-
cle weakness, atrophy, pain, sensory disturbances, and even quadriplegia in
severe cases'. Denervation associated with peripheral neuropathy in diabetes
plays a significant role in the development of muscular atrophy*. The preva-
lence of diabetic neuropathy in Africa is 46% among diabetic patients® thus,
the prevalence of diabetic muscle atrophy may equally be high given that An-
dreassen et al.’+ had demonstrated that the severity of neuropathy correlated
directly with muscle atrophy in diabetic patients. Animal model of diabetes
mellitus induced by streptozotocin were also shown to manifest DMA'51,

Muscle atrophy is closely related to two major protein degradation path-
ways, the ubiquitin-proteasome system (UPS) and the autophagy-lysosome
pathway (ALP). It is also related to the protein synthesis pathways, such as
the insulin-like growth factor 1— phosphoinositide-3-kinase—Akt/protein ki-
nase B—mammalian target of rapamycin (IGF1-PI3K-Akt/PKB—mTOR)
pathway and IGF-1-AKT- Forkhead box O (FoxO) pathways®. Insulin re-
sistance in type 2 diabetes mellitus inhibits protein synthesis by inhibiting
the IGF-1-PI3K-AKT/PKB-mTOR pathway and activates the UPS and ALP
through the IGF-1-AKT-FoxO signaling pathway thereby promoting mus-
cle atrophy while muscle atrophy in type 1 diabetes mellitus is mediated by
the FoxO-driven protein degradation pathway. The links between all these
pathways are inflammation and oxidative stress hence, therapeutic agents
targeting any of these links in addition to glycemic control have been found
beneficial in ameliorating diabetic muscular atrophy. For instance, Punkt et
al.’s, Brocca et al.%, and Ono et al.*° explored the antioxidants target while
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Bako et al.?* and Cea et al.?*> documented the role of inflammation. Explora-
tion of agents with antioxidants and anti-inflammatory properties would
therefore be a desirable progress in ameliorating DMA. A good candidate
with such property is Ocimum gratissimum (OG), Africa basil/sweet basil,
a plant belonging to Lamiaceae family native to Africa, Asia and South Amer-
ica. In Nigeria, it is known as efinrin, Nehonwu, and ai daya ta guda by the
Yoruba, Igbo and Hausa, respectively?. Its bioactive compounds include
phytochemicals (oleanolic acid, caffeic acid, ellagic acid, epicatechin, sinapic
acid, rosmarinic acid, chlorogenic acid, luteolin, apigenin, nepetoidin, xan-
thomicrol, nevadensin, salvigenin, gallic acid, catechin, quercetin, rutin, and
kaempferol) and essential oils (camphene, B-caryophyllene, a- and B-pinene,
a-humulene, sabinene, f-myrcene, limonene, 1,8-cineole, trans-f3-ocimene,
linalool, a- and &-terpineol, eugenol, a-copaene, B-elemene, p-cymene, thy-
mol, and carvacrol)®+. Several studies have documented its hypoglycaemic?5-2,
antioxidant® and anti-inflammatory22 activities. This study therefore inves-
tigated the effect of aqueous leaf extract of OG on skeletal muscle atrophy in
streptozotocin-induced diabetic male Wistar rats.

METHODOLOGY
Animal

Twenty male Wistar rats weighing between 180 and 230 g were used for this
study. They were housed in the Department of Physiology Postgraduate Animal
House, College of Medicine, University of Ibadan, Ibadan, Nigeria. The rats
were housed in plastic cages with perforated lids and allowed to acclimatize for
two weeks at a standard room temperature, humidity, and a natural photoper-
iod of 12 hours of light/dark cycle. They were allowed free access to standard
rat chow (Ladokun Feeds®) and tap water. All experimental protocols were
conducted in strict adherence to institutional guideline on the use of laboratory
animals for experiments based on the NIH publication No. 85-23 guidelines.

Preparation of aqueous leaf extract of Ocimum gratissimum L.

The fresh leaves of Ocimum gratissimum L. were collected from Ibadan me-
tropolis and identified and authenticated at the Forest Research Institute of
Nigeria (FHI.110026). The leaves were separated from their stalk, rinsed with
water to remove dirt, and air-dried for three (3) weeks at room temperature.
They were pulverized to fine powder, 1 kg of the pulverized leaves was macer-
ated for 24 hours in distilled water, filtered and the filtrate was collected in a
round bottom flask for concentration in a rotary evaporator set at a tempera-
ture of 40°C to yield 13.26 % aqueous extract.
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Induction of diabetes mellitus

Diabetes mellitus was induced by a single intraperitoneal dose of 65 mg/kg
of freshly prepared Streptozotocin, STZ (Sigma®, St Loius, USA) in cold 50
mM sodium citrate buffer, pH 4.5. Fasting Blood Glucose was assessed after 72
hours of induction and animals with Fasting Blood Glucose level = 200 mg/dL
were confirmed as diabetic.

Experimental design

The animals were randomly divided into 4 groups (n=5) as follows:

I - Control, Normal rats administered distilled water

IT - OG, Normal rats administered Ocimum gratissimum (400 mg/kg bwt)
III - Diab, Diabetic rats administered distilled water

IV - Diab+OG, Diabetic rats administered Ocimum gratissimum (400 mg/kg
bwt)

The administered 400 mg/kg bwt of OG was established in earlier studies as
being the effective therapeutic dose®. All administrations were done by oral
gavage for 28 consecutive days. The weight and fasting blood glucose of all
the rats were taken before and after the experiment. Blood was obtained by
once-off tail prick and glucose levels determined using Accu-Chek® Glucom-
eter (Roche, Germany).

Sample collection

Following an overnight fast, the animals were anaesthetized by 100 mg/kg Ket-
amine, 1.p. (Ketanir®, Aculife Healthcare Pvt Ltd, India) and muscle samples
were obtained. The gastrocnemius muscle was obtained for the determination of
glycogen content, the right rectus femoris and extensor digitorum longus mus-
cles were obtained separately for homogenization in phosphate buffer saline,
PBS (pH 7.4) for markers of oxidative stress while their left counterparts were
fixed separately in 10% formalin for histology and histomorphometry analysis.

Determination of muscle glycogen content

The glycogen content of the gastrocnemius muscle was determined by the An-
throne method as previously reporteds°. Briefly, gastrocnemius muscle was
digested in 30% KOH overheat, washed twice by 95% ethanol and centrifuged
to obtain glycogen precipitate. The precipitate was reconstituted with distilled
water followed by stepwise addition of concentrated HCl, 88% formic acid and
anthrone reagent then mixed thoroughly. It was incubated at 100°C for 10 min-
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utes to obtain a blue colored solution. Absorbance of the solution was recorded
at 630 nm against a reagent blank. Several dilutions of 0.2 mg/mL of glycogen
standard were similarly treated to obtain a standard curve from which the gly-
cogen concentrations of the samples were determined.

Determination of oxidative stress biomarkers

Oxidative stress biomarkers, Malondialdehyde, Superoxide Dismutase (SOD)
and Catalase activity were determined in the supernatant of the homogenized
right rectus femoris and extensor digitorum longus muscles.

Malondialdehyde (MDA) was determined according to the method described by
Hagege et al.3'. Briefly, 0.5ml of supernatant was aliquoted into 1ml of TCA-TBA-
HCL solution (15 g of trichloroacetic acid and 0.375 g of thiobarbituric acid dissolved
in 100 ml of 0.25 N hydrochloric acid) and incubated for 15 minutes in boiling water
(100°C). After cooling, the mixture was centrifuged at 1000 g for 10 minutes and
supernatant was read at 535 nm against the blank. The malondialdehyde concentra-
tion of the sample can be calculated using extinction coefficient of 1.56x.10°m*cm™

0.D x Vx1000

MDA concentration =
axvxIxY

Where O.D=absorbance of sample test at 535 nm; V = total volume of the reac-
tion = 1.5 ml; a = molar estimation coefficient of product=1.56x; I=light path =
1 cm; v=volume of sample used=0.5 ml.

Superoxide Dismutase (SOD) activity was determined according to the method
of Misra and Fridovich32. Briefly, 0.2 ml of supernatant (test) or distilled water
(reference) was added to 2.5 ml of 0.05 M Carbonate buffer (pH 10.2) was then
added and incubated at room temperature. 0.3 ml of 0.3 mM adrenaline solu-
tion was added to the test and each of the reference solutions and were mixed
by inversion and read using the spectrophotometer at 420 nm within 3 minutes.

O.D, -O.D
Inhibition = ——8 ~""Tet 190

O.D,,
1 unit of SOD activity was taken as the amount of SOD required to cause 50 %
inhibition of the auto-oxidation of adrenaline to adrenochrome.

Catalase activity was determined using a method based on the reaction of
undecomposed hydrogen peroxide with ammonium molybdate to produce a
yellowish colorss. Briefly, 0.2 ml of supernatant was incubated with 1 ml of
substrate solution (65 mmol/ml hydrogen peroxide in 60 mMol/]1 sodium—po-
tassium phosphate buffer, pH 7.4) at 37°C for three minutes. The reaction was
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stopped with 1 ml of 4 % ammonium molybdate in 12.5 mM H,SO, and read at
305 nm wavelength.

Histomorphometry analysis

The fixed left rectus femoris and extensor digitorum longus muscles were taken
for heamatoxylin and Eosin histological preparation using standard methods.
Diameters of longitudinal and cross sections of the muscles were measured in
microns using the measurements plug-in on AmScope 3.7, a computer enabled
digital camera and software.

Statistical analysis

The data from each group was expressed as mean + standard error of the mean
(mean + SEM) and analyzed using ANOVA and Tukey’s post hoc test. P<0.05
was considered significant. All analyses were performed using GraphPad
prism®, version 7.

RESULTS and DISCUSSION

Effects of Ocimum gratissimum L. leaf extract on body weight in
normal and diabetic rats

As shown in Figure 1, Diabetes caused significant weight loss in Diab group
when their initial weight (200.5 + 2.52 g) was compared with their final weight
(174.5 + 9.18 g). The weight loss effect of diabetes was however abolished by OG
treatment in Diab+OG group (Initial= 202.25 + 4.33 g, Final = 195.5 + 9.05 g).
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Figure 1. Effect of Ocimum gratissimum leaf extract on body weight in streptozotocin-induced
diabetic male Wistar rats. *p<0.05 Before vs After
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Effects of Ocimum gratissimum L. leaf extract on fasting blood
glucose in normal and diabetic rats

Ocimum gratissimum leaf extract caused significant reduction in the fasting
blood glucose level of animals in the Diab+OG (90.01 + 26.50 mg/dl) when
compared with the Diab (204.75 + 9.95 mg/dl), Figure 2.
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Figure 2. Effect of Ocimum gratissimum leaf extract on fasting blood glucose in normal and
streptozotocin-induced diabetic male Wistar rats. *p<0.05 vs Gontrol, #p<0.05 vs Diab

Effects of Occimum gratissimum L. leaf extract on glycogen content
of the gastrocnemius muscles of normal and diabetic rats

Glycogen content was significantly depleted in the gastrocnemius muscle of
the Diab group (0.09 + 0.03 mg/ml) compared with the control (0.37 + 0.07
mg/ml). The glycogen depletion was however reversed in the Diab+OG group
(0.36 + 0.05 mg/ml) compared with the Diab group (0.09 + 0.03 mg/ml), as
shown in Figure 3.

111 | Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025



0.5 4
045

, 1 |

0.15 -

o
o
»
1

*x

0.05 - I %
0 T
Control 0G Diab Diab+0G
Groups

o
[
!

Muscle Glycogen content {mg/ml)
o g O w
N w w w

Figure 3. Effect of Ocimum gratissimum leaf extract on muscle glycogen content in normal
and streptozotocin-induced diabetic male Wistar rats. *p<0.05 vs Control, #p<0.05 vs Diab

Effects of Occimum gratissimum L. leaf extract on transverse and
longitudinal dimensions of rectus femoris and extensor digitorum
longus muscles in normal and diabetic rats

As shown in Table 1, the size of the rectus femoris muscle was significantly de-
creased in the Diab group (Transverse dimension=248.97 + 7.36 um; Longitu-
dinal dimension=250.93 + 7.82 um) when compared with the control (Trans-
verse dimension=372.03 + 18.23 um; Longitudinal dimension=327.97 + 14.22
um). The reduction in size was however reversed by treatment with OG in
the Diab+OG group when compared with the Diab group (Transverse dimen-
sion=297.18 + 12.36 um vs 248.97 + 7.36 um; Longitudinal dimension=317.37
+ 10.12 um vs 250.93 + 7.82 um).
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Table 1. Effects of Ocimum gratissimum L. leaf extract on transverse and longitudinal
dimensions of rectus femoris and extensor digitorum longus muscles in normal and
streptozotocin-induced diabetic rats

RECTUS FEMORIS length (pm)

EXTENSOR DIGITORIS length (ym)

Transverse Longitudinal Transverse Longitudinal

Control 372.03 +18.23 | 327.97 +14.22 | 28344 £13.72 | 289.72+9.74
0G 37256 +32.49 | 333.19x11.29 | 27366 +13.44 | 273.63+9.47
Diab 248.97 + 7.36* | 250.93 +7.82* | 227.59 +10.85* | 261.58 +9.83"*
Diab+0G 21373138; 317.37 £10.12# | 238.88 £5.83* | 262.04 + 10.09*

*p<0.05 vs Control; *p<0.05 vs Diab

In the extensor digitorum longus muscle, both the transverse (227.59 + 10.85 um)
and longitudinal (261.58 + 9.83 um) dimensions were significantly reduced in the
Diab group compared with the control (283.44 + 13.72 um; 289.72 + 9.74 um).
Treatment with OG in the Diab+OG had no effect on the diabetes-induced size
reduction of the extensor digitorum muscle, Table 1.

Effect of Ocimum gratissimum L. leaf extract on oxidative stress
biomarkers in the rectus femoris muscle of normal and diabetic rats

As shown in Table 2, MDA level in the Rectus Femoris muscle was significantly
reduced in the Diab+OG group compared with the Diab group. While SOD ac-
tivity was not different across all the groups, catalase activity was significantly
decreased in the Diab group (0.008 + 0.0004 Activity/mg protein) compared
with control (0.010 £ 0.0002 Activity/mg protein) and the Diab+OG group
(0.009 £ 0.0005 Activity/mg protein).

Table 2. Effect of Ocimum gratissimum L. leaf extract on Oxidative stress biomarkers in rectus
femoris in normal and streptozotocin-induced diabetic male Wistar rats

Control 0G Diab Diab+0G
MDA (umoll) | 0.402:0019 | 041420019 | 0420:0031 | 0.370+0.01*
SOD (Activity/mg
) 203003 | 1984004 2+0.06 24004
( Activifye;ﬁ'gsifmtem) 0.01+00002 | 0.011 +0.0006 gggg; 0.009 + 0.0005°

*p<0.05 vs Control; #p<0.05 vs Diab

113 | Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025



Effect of Ocimum gratissimum L. leaf extract on oxidative stress
biomarkers in the extensor digitorum longus muscle of normal and
diabetic rats

The MDA level of the Extensor Digitorum Longus Muscle of the Diab group
(0.485 + 0.025 umol/1) was significantly elevated when compared with the
control (0.388 + 0.004 pumol/1). The elevated MDA was significantly reduced
in the Diab+OG group (0.403 + 0.03 umol/l) when compared with the Diab
group (0.485 + 0.025 umol/l). Extensor Digitorum Longus Muscle SOD and
catalase activities were however not different across all the groups, Table 3.

Table 3. Effect of Ocimum gratissimum L. on Oxidative Stress Biomarkers in Extensor
Digitorum Longus Muscle in normal and streptozotocin-induced diabetic male Wistar rats

Control 0G Diab Diab+0G
MDA * 4
0.388 £ 0.004 0.394 £ 0.018 0.485 £ 0.025 0.403 £0.03
(umol/l)
SOD
(Activity/mg 2124 +0.04 2.131£0.02 2117 £0.03 2.287+0.12
protein)
Catalase
(Activity/mg | 0.01 + 0.0006 08%%%3 * | 00089 +0.0005 08%%‘(‘)‘; *
protein) ’ '

*p<0.05 vs Control; *p<0.05 vs Diab

This study was designed to examine the effect of Ocimum gratissimum leaf
extract on diabetes-induced muscular atrophy in male Wistar rats. The abol-
ishment of weight loss and reduction in fasting blood glucose level observed
in the OG treated diabetic animals in this study are in agreement with the well
documented effects of OG?252.

Skeletal muscle is the largest reservoir of glycogen, containing about fourfold
of what is contained in the liver postprandially and is depleted by 65% in type 1
or 25% in type 2 diabetes mellitus patients3+35, The observed significant deple-
tion in the glycogen content of the gastrocnemius muscle in the present study
agrees with these earlier reports. Inhibition of glycogen synthase3 and stim-
ulation of glycogen phosphorylase?® activities are contributing factors in the
diabetes-induced glycogen depletion and are major therapeutic targets. Earlier
on, Shittu et al.?° reported that OG inhibited glycogen phosphorylase activity
in liver of streptozotocin-induced diabetic rats and the restoration of glycogen

Acta Pharmaceutica Sciencia. Vol. 63 No. 1,2025 | 114



content in the gastrocnemius muscle of OG-treated diabetic rats in the cur-
rent study is in conformity with this earlier finding. Other studies also showed
that stimulating glycogen synthase activity by inhibiting its phosphorylating
enzyme, glycogen synthase kinase 33 (GSK-3[3) promotes muscle glycogen and
insulin sensitivity3®3°. The restoration of muscle glycogen in the OG treated
rats in this study may be linked with the absence of diabetes-induced weight
loss given that a recent study in human documented that lowered muscle gly-
cogen is associated with reduction in body mass#.

The reduction in glycogen synthesis by GSK-3f activity occurs through the
PI3K/Akt signaling pathway+ which is also implicated in free radical produc-
tion/oxidative stress induction# therefore, the increased MDA level in Exten-
sor Digitorum Longus Muscle matching glycogen depletion in the gastrocne-
mius muscle observed in the diabetic animals of the present study may not
be surprising. Elevated skeletal muscle oxidative stress is a well-documented
phenomenon in diabetes mellitus'®434 and treatment with antioxidants were
found to be ameliorative'>4°, The decreased MDA level and increased Catalase
activity observed in the OG treated diabetic animals of this study are consist-
ent with documented antioxidant property of OG*. The high phenol content
of OG can be adduced to its antioxidant effect** and studies using phenol-rich
fraction of OG reported superior antioxidants potentials compared to other
fractions+45.

Histomorphometry analysis in this study showed significant muscular atrophy
in both the rectus femoris and extensor digitorum longus muscles of the dia-
betic rats. Treatment with OG reverses the observed diabetes-induced muscu-
lar dystrophy. Such reversal by antioxidant treatments had been documented
to increase skeletal muscle weights, strengths and fiber size in type1 diabetic
rats* which corroborated with the effect of OG in the transverse and longitudi-
nal dimensions of the rectus femoris and extensor digitorum longus muscles of
diabetic rats. The anti-inflammatory property of OG*%2° may also be involved
in the prevention of muscular atrophy given that plants with anti-inflamma-
tory properties reverse diabetes-induced muscle atrophy via the MPK/SIRT1
pathway>°.

Ocimum gratissimum leaf extract prevented atrophy and promoted glycogen-
esis by decreasing lipid peroxidation in the skeletal muscles of STZ-induced
diabetic male Wistar rats. The interaction between OG and glycogen synthase
activity requires further elucidation.
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