
        Japan Journal of Medical Science

Jimoh, A. S.1, Johnson, J.T. 2*

Department of Biochemistry, Federal University Otuoke, Bayelsa State, 
Nigeria

Research Article

Corresponding author
Johnson, J.T. Department of Biochemistry, Federal 
University Otuoke, Bayelsa State, Nigeria

Received: 03 September 2025
Accepted : 15 September 2025
Published: 25 October 2025

Copyright
©2025 Johnson, J.T
OPEN ACCESS

*

Volume 6 | Issue 2| 299

ANTIDIABETIC EFFICACY AND IN 
SILICO SAFETY EVALUATION OF Aloe 
ferox HERBAL

Japan Journal of Medical Science, 2025

Introduction
Diabetes mellitus is a chronic metabolic disorder characterized by sus-
tained elevated blood glucose levels over time resulting from defects in in-
sulin secretion, insulin action, or both. It is a complex condition with sig-
nificant implications for public health and individual well-being [1]. Type 
1, type 2 diabetes, and gestational (pregnancy-induced) diabetes mellitus 
are among the several forms of the disease. While type 1 is an autoim-
mune condition that occurs when the body’s immune system targets and 
kills the pancreatic cells that produce insulin (a damaging process that can 
last for years and eventually results in the loss of insulin secretion [2,3], 
insulin resistance, relative insulin insufficiency, and insulin insensitivity 
are the hallmarks of type 2 diabetes. Gestational diabetes, often goes away 
after birth but raises the chance of type 2 diabetes in the future [3].Type 1 
diabetes mellitus, formerly known as insulin-dependent diabetes mellitus 
(IDDM) or juvenile-onset diabetes mellitus, makes up 5–10% of all cases 
of diabetes mellitus and typically affects children or young adults. 

The prevalence of type 2 diabetes mellitus is rising, particularly among 
minority groups, and now account up to 90% to 95% of all diabetes cases. 
Among the recognized environmental influences include aging, obesity, 
and a sedentary lifestyle. Globally, the prevalence of diabetes mellitus has 
been rising gradually. About 463 million persons (20–79 years old) world-
wide had diabetes in 2019, and by 2045, the figure is expected to increase to 

700 million, according to the International Diabetes Federation (IDF) [4]. 
Numerous complications, such as cardiovascular disease, kidney disease, 
eye issues, nerve damage, and lower limb amputations, can result from 
uncontrolled diabetes [5]. Diabetes is managed by combining pharmaco-
logical treatments, such as insulin and oral drugs, with lifestyle changes 
as well as frequent exercise, and weight control [6].The increasing prev-
alence of diabetes mellitus, particularly type 2diabetes (T2DM), presents 
a significant public health challenge in Nigeria and across Africa. Nigeria 
currently has the highest incidence of diabetes in sub-Saharan Africa; with 
estimates indicating about 4.3% of the population is affected, translating 
to approximately 4.7 million individuals suffering from this chronic con-
dition [7]. Herbal medicines have gained significant attention as comple-
mentary therapies for diabetes due to their bioactive compounds, which 
may offer multi-target effects, fewer side effects, and cost-effectiveness [8]. 
Therefore, bioactive compounds from Aloe feroxherbal drink could be 
used to uncover new potential inhibitors of key diabetic related proteins 
through in silico evaluation.

Aloe ferox plant is primarily cultivated in the Western Cape of South Afri-
ca. Aloe ferox herbal drink is officially registered with the National Agency 
for Food and Drug Administration and Control (NAFDAC) in Nigeria 
(registration number A7-2720L). This drink has gained attention for its 
claim potential anti-diabetic effects, prompting research into its biochem-
ical properties and efficacy against diabetes-related protein targets [9]. The 
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herbal drink is claimed to enhance health, boost the immune system, and 
manage various conditions, including diabetes, arthritis, gout, and hyper-
tension [10]. Recent studies have indicated that Aloe ferox herbal drink 
may have beneficial effects on managing diabetes mellitus. In a study in-
volving diabetic Wistar rats, treatment with Aloe ferox herbal drink signifi-
cantly reduced serum levels of biomarkers associated with kidney func-
tion and inflammation, such as creatinine, Hemoglobin A1c (HbA1c), 
and Kidney Injury Molecule 1 (KIM-1). These results suggest potential 
anti-hyperglycemic and anti-inflammatory properties of Aloe ferox herbal 
drink [10]. The drink is believed to contain high levels of antioxidants, 
vitamins, and minerals that support overall health and may help regulate 
blood sugar levels without known side effects, making it a safer alternative 
to conventional diabetes medications [10]. 

In silico analysis involves computational approaches to predict the inter-
action of bioactive compounds with specific molecular targets associated 
with specific disease conditions. This technique provides valuable insights 
into the mechanism of action, binding affinity, and pharmacokinetics of 
potential pharmacological agents. While biochemical studies provide 
valuable insights into the efficacy of Aloe ferox herbal drink, in silico as-
sessments are crucial for understanding its molecular interactions with 
anti-diabetic protein targets. These computational studies can predict how 
bioactive compounds in Aloe ferox herbal drink bind to proteins involved 
in glucose metabolism, potentially revealing mechanisms of action that 
contribute to its therapeutic effects. Such assessments are essential for val-
idating traditional claims and guiding future experimental research. The 
key components of the in silico assessment of Aloe ferox herbal drink safety 
and anti-diabetic potential include; Phytochemical Screening and Favor-
able pharmacokinetic profiles [11]. ADMET Prediction [12]. Despite its 
purported benefits, there are concerns regarding reliance on herbal rem-
edies like Aloe ferox for serious health conditions. There could be possible 
side effects which have not been well documented thus necessitating this 
study.

This research was aimed at evaluating the antidiabetic efficacy and renal 
impact of Aloe ferox, the drugability, ADMET properties as well as toxico-
logical properties of lead compounds identified in the herbal formulation.

Materials and methods
A. In silico assay
i) Drugability prediction and ADMET properties of the ligands 
(pharmacokinetic characteristics)
Using the online programmed ADMET lab 3.0 and SWISSADME [13], 
the absorption, distribution, metabolism, excretion and toxicity (AD-
MET) properties of the ligands employed in this study were predicted. 
The different ADMET properties of the ligands and the reference drugs 
were predicted using the different canonical strings or Simplified Molec-
ular-Input Line-Entry System (SMILES) strings of the different ligands 
retrieved from the PubChem web platform (https://www.ncbi. Nlm.nih.
gov/compound) in their 3D conformation. All the relevant parameters, 
including Lipinski’s rule of five and the Ghose parameters were recorded  
using the SWISS target prediction tool, the target of the different ligands 
were determined [14], and pharmacokinetics, toxicological assessment of 
lead compounds as predicted by protox iii

B. In vivo assay
Experimental animals:
Twenty (20) Albino Wistarrats with a weight range of 80-130g were ob-
tained from the Animal House of the Department of Biochemistry, 
University of Port Harcourt, River State, Nigeria. The animals were kept 
in plastic cages with wire mesh covers to aid ventilation andallowed to 
acclimatize for seven (7) days in the animal house at Federal University 
Otuoke, Bayelsa State, under monitored environmental conditions of tem-
perature (28 ± 2°C), relative humidity (50 ± 5%) and 12-hour light/dark 

cycle. The animal facility was properly ventilated and the animals were 
placed on commercial rat pellet as feed and water ad libitum throughout 
the experimental period.

Experiment design
The experimental design comprised twenty (20) albino wistar rats divided 
into 4 groups of 5 animals each. Group A was the normal control group, 
the animals in this group received only distilled water. Group B was the 
negative control group, induced with Diabetes mellitus (using Streptozo-
tocin, 60 mg/kg, intraperitoneally) and received distilled water. Animals in 
group C (positive control) were also induced with Diabetes mellitus and 
treated with standard drug metformin 8.mg/kg body weight [15]. Animals 
in group D were induced with diabetes mellitus and received 0.25ml/kgbw 
of Aloe ferox herbal drink as treatment which lasted for 31 days.

Collection of blood sample and biochemical assays
The animals were euthanized 12 hours after the last treatment, whole 
blood was collected from the heart via cardiac puncture using a sterile sy-
ringe and needle. The blood samples were put into plain tubes to allow to 
clot after which it was centrifuged and the serum obtained for biochemical 
analyses. Serum estimation of blood glucose, renal function parameters 
(KIM-1, Cys-c, urea, creatinine, sodium, potassium chloride, and biocar-
bonate concentrations) was carried out according to standard procedures 
reported in the literature. KIM-1 was estimated according to method re-
ported by [16]. Cystantin-c was estimated according to methods reported 
by [17], urea and creatinine levels were estimated according to methods 
reported by [18], and the electrolytes were estimated according to meth-
ods reported by [19].

Statistical analysis: Biochemical data were tested with one-way ANOVA 
using SPSS version 21 and data presented as mean SEM.

Results
In silico assay:
Drugability and ADMET properties of lead compounds as predicted by 
SWISSADME/ProtoxIII
Compounds 1, 2, 3, 4, and 5(Table 1) with ID 2969, 8158, 8050, 13622, 
and 555174 respectively show a good balance of molecular weight, hydro-
gen bonding, moderate TPSA, and acceptable lipophilicity, all supporting 
drug-likeness. Compound 7 (ID: 9817754) has a very high QPlogPo/w 
(6.57) and low TPSA (17.07), suggesting strong lipophilicity but possibly 
poor aqueous solubility or risk of non-specific binding/toxicity. Com-
pounds 6 (ID 79427)and 9 (ID 4091) have higher TPSA values (above 90), 
which might slightly limit passive diffusion through cell membranes.
CID 2969: Low MW, low TPSA, lipophilic (3.21), and meets all key cri-
teria.

CID 8158: Low MW (158.24), good HBD/HBA, TPSA = 37.30, QPlogPo/w 
= 2.82 – all within optimal range.
CID 8050: Excellent MW (186.29), 0 HBD, low TPSA (26.30), ideal lipo-
philicity (3.30). Balanced profile for absorption and permeability
CID 13622: Very low MW (140.14), good HBD/HBA, TPSA (49.69) is ide-
al. Lipophilicity is moderate (1.11).
CID 555174: Slightly higher MW (230.26), good TPSA, balanced HBD/
HBA. Lipophilicity is acceptable (2.50).
CID 79427: Acceptable MW, but higher TPSA (93.06) may affect permea-
bility. Lipophilicity is low (0.61).
CID 9817754: High MW (298.89), very low TPSA (17.07), and excessive 
lipophilicity (QPlogPo/w = 6.57) – risk of poor solubility/toxicity.
CID 13849: Moderate MW, good HB properties, TPSA = 37.30, but higher 
QPlogPo/w (5.16) – still within acceptable range.
CID 4091: Very low MW (129.16), TPSA = 91.49 (slightly above ideal), and 
very low lipophilicity (0.26). Might have limited permeability.
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Toxicity profile of lead compounds as predicted by 
protox iii
In Table 2, compounds 1, 2, 3, 8, and 9 show no predicted organ-specific 
toxicity, high LD₅₀ values (e.g., Compound ID: 8050 and 9817754 with 
LD₅₀ = 5000 mg/kg) indicate low acute toxicity, making them safer can-
didates.  Compound 4 (13622) predicted nephrotoxicity (+0.51) and car-
diotoxicity (+0.69), lower LD₅₀ (550 mg/kg) suggests higher acute toxicity 

potential. Compound 5 (555174) has potential nephrotoxicity (+0.56), 
respiratory toxicity (+0.70), and cardiotoxicity (+0.55), LD₅₀ = 1,743 mg/
kg — moderate toxicity concern.Compound 6 (79427) has nephrotox-
icity (+0.67) and LD₅₀ = 1,267 mg/kg moderate toxicity. Compound 7 
(9817754); only predicted mutagenicity (+0.65), however, its LD₅₀ is high 
(5000 mg/kg), suggesting low acute toxicity but a possible genotoxic risk.

Table 1: Drugability and ADMET properties of lead compounds as predicted by SWISSADME/ProtoxII

S/N Compound ID MWa DONOR HBb Acceptor HBb TPSAc QPlogPo/Wd
1 2969 172.27 1 2 37.30 3.21
2 8158 158.24 1 2 37.30 2.82
3 8050 186.29 0 2 26.30 3.30
4 13622 140.14 2 3 49.69 1.11
5 555174 230.26 2 3 49.69 2.50
6 79427 226.18 2 6 93.06 0.61
7 9817754 298.89 0 1 17.07 6.57
8 13849 242.40 1 2 37.30 5.16
9 4091 129.16 3 2 91.49 0.26

a: Molecular weight
b: Hydrogen bond
c: Topological Surface Area
d: predicted octonol/water partitioning coefficient (range -2.0 to 6.5)

Table 2: Toxicity profile of lead compounds

S/N Com-
pound 

ID

HepA NeutrB NephC RespB CardioE Carcino-
genF

Immu-
noG

MutioH CtyoI Chemi-
calJ

Endo-
crindK

Predict-
ed LD50

1 2969 - - - - - - - - - - - 900
2 8158 - - - - - - - - - - - 900
3 8050 - - - - - - - - - - - 5000
4 13622 - - +(0.51) - +(0.69) - - - - - - 550
5 555174 - - +(0.56) +(0.7) +(0.55) - - - - - - 1,743
6 79427 - - +(0.67) - - - - - - - - 1,267
7 9817754 - - - - - - - +(0.65) - - - 5000
8 13849 - - - - - - - - - - - 900
9 4091 - - - - - - - - - - - 680

Active: (+), Inactive= (-), A=Hepatoxicity, B=Neurotoxicity, C=Nephrotoxicity, D= Respiratory Toxicity, E= Cardiotoxicity, F= Carcinogenicity, G= 
Immunotoxicity, H= Mutagenicity, I= Cytotoxicity, J= Clinical toxicity, K= Endocrind toxicity, L= Predicted LD50

In vivo assay
In Table 3, group A (control) shows normal physiological ranges for serum 
glucose (FBS), kidney injury markers (KIM-1) Cystatin-C, and electro-
lytes, indicating healthy metabolic and renal function. Group B(diabetes 
untreated) displays a significant (P<0.05) elevation in all kidney injury 
indicators (KIM-1, Cystatin-C, urea, creatinine), along with electrolyte 
imbalances (marked hyponatremia, hyperkalemia). This suggests severe 
systemic inflammation with acute kidney injury (AKI), possibly due to 
toxin exposure. Group C (diabetic treated with metformin) shows par-
tial normalization compared to B with improved renal indices and blood 

glucose but still significantly above control. This pattern may reflect ther-
apeutic attenuation of kidney damage by the standard drug, although re-
sidual dysfunction persists. Group D (diabetic treated with Aloe forex) 
demonstrates recovery facilitated by Aloe feroxcloser to control in terms of 
improvement in serum glucose and electrolytes concentrations. Although 
some renal biomarkers (KIM-1, urea, creatinine) remained elevated in 
this group, they were significantly lower compared to the untreated dia-
betic group B. This indicates substantial therapeutic efficacy of Aloe forex 
against induced-diabetes mellitus, with ongoing repair of renal tubular 
and glomerular injury.
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Discussion
Biochemical and in silico approach was employed to evaluate the safety 
and anti-diabetic potential of Aloe ferox. ADMET predictions, in silico 
toxicity screens, and in vivo biochemical endpoints (glycaemia, and renal 
markers) demonstrated promising phytochemical leads while highlight-
ing specific safety concerns that need further studies. Most compounds 
satisfied core drug-likeness filters; molecular weights were well below 500 
Da, hydrogen bond donor/acceptor counts were within Lipinski thresh-
olds, and TPSA values for the majority were under ~50 Å², a range associ-
ated with good passive cellular permeability. Several compounds showed 
QPlogP values between ~2.5–3.3 and TPSA ~26–37 Å², which is an ad-
vantageous balance for oral absorption and intracellular access to enzyme/
receptor targets. 

Toxicity screens predicted nephrotoxicity and cardiotoxicity for a subset 
of compounds (moderate confidence scores) and flagged one compound 
for possible mutagenicity. Nephrotoxicity is particularly concerning given 
diabetes already predisposes patients to kidney disease, any patients that 
aggravates renal injury is clinically impractical for chronic therapy. Car-
diotoxicity (often linked to mitochondrial toxicity in silico) similarly con-
traindicates progression prior to targeted assays [20]. Mutagenicity flags 
require urgent empirical follow-up (Ames, mammalian micronucleus/
comet assays) because genotoxicity is a major red flag for chronic human 
use. In silico LD₅₀ estimates also varied: several compounds had high LD₅₀ 
(>2000–5000 mg·kg-¹) consistent with low acute toxicity, while others had 
lower LD₅₀s (~550–1743 mg·kg-¹), which implies a narrower safety mar-
gin and calls for sub-chronic toxicity testing before chronic dosing exper-
iments [21].

The in vivo assay result (FBS, KIM-1, Cystatin-C, urea, creatinine and 
electrolytes) provides functional confirmation that the Aloe ferox drink 
exerts systemic effects consistent with anti-diabetic and organ-protective 
activity. In the diabetic control group, marked hyperglycaemia, elevated 
renal injury biomarkers (KIM-1, Cystatin-C, creatinine, urea) indicated 
successful induction of metabolic and renal stress. Treatment with A. ferox 
significantly (p<0.05) ameliorated many of these biochemical perturba-
tions, lowering FBS and reducing KIM-1 and Cystatin-C, suggestive of 
both glycaemic control and nephroprotection.The observed decrease in 
KIM-1 and Cystatin-C is consistent with amelioration of tubular and glo-
merular stress, respectively; KIM-1 is a sensitive early marker of proximal 

tubular injury and has been shown to outperform classical markers in pre-
clinical models. These biochemical shifts align with the in silico hypothesis 
that A. ferox constituents can modulate targets connected to metabolic, 
inflammatory and nephroprotective pathways. Two mechanistic pathways 
plausibly reconcile the computational and biochemical data:Direct modu-
lation of metabolic targets: Several A. ferox phytochemicals appear capable 
of binding and modulating intracellular targets involved in glucose metab-
olism or insulin signalling (as suggested by docking). If intracellular access 
is achieved (supported by favorable LogP/TPSA and non-P-gp status), en-
zyme inhibition or receptor modulation could directly lower hepatic glu-
coneogenesis, enhance peripheral glucose uptake, or modulate key kinases 
(e.g., AKT/AMPK axes). Further In silico docking may provide hypotheses 
for which targets to test in vitro (kinase assays, receptor binding).

Summary and conclusion
This study highlights Aloe ferox as a rich source of promising anti-diabet-
ic compounds that not only target key metabolic proteins but also exert 
potent nephroprotective effects. By combining pharmacokinetic profiling, 
toxicity prediction, and in vivo validation, lead candidates with strong 
therapeutic potential and commendable safety profiles have beenidenti-
fied. It is worthy of note however that while Aloe forex may exhibit an-
ti-diabetic efficacy, some compounds with potential organ toxicity and 
genotoxic effects have been detected.  These findings calls for further 
focused computational studies and formulation development in order to 
make Aloe ferox much safer as an effective, and natural adjunct in diabetes 
management.
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