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Carbohydrate digestive enzyme 
inhibition, hepatoprotective, 
antioxidant and antidiabetic 
benefits of Persea americana
Christian Omonzokpea Ehikioya 1, Aishat Mary Osagie  1,4, Sylvia Oghogho Omage  2,5, 
Kingsley Omage  3,6* & Marshall Arebojie Azeke  1

The medicinal use of Persea americana in the treatment of some diseases like hypertension, diabetes, 
is often with dearth of supporting scientific proof. Thus, we evaluated its ethnomedicinal benefits for 
possible scientific justification. Thirty healthy Wistar rats were randomly grouped in fives. Alloxan 
was used to induce diabetes in the rats in groups II to VI. The diabetic rats in group II were treated 
with glibenclamide, while those in group III were not treated. Also, the diabetic rats in groups IV to VI 
were treated with the ethanol extracts of the stem bark, leaf, and root of P. americana respectively. 
The parts of P. americana comparatively possess highest amounts of phenols (250.50 ± 0.68—bark), 
saponin (436.80 ± 3.76—leaf), flavonoid (382.80 ± 0.67—leaf) and tannins (58.34 ± 0.09—root). The 
extracts exhibited high reducing property (FRAP and total reducing), as well as high ABTS and DPPH 
free radical scavenging ability. The enzyme (alpha-glycosidase and alpha-amylase) inhibitory activity 
of P. americana increases with increasing concentration of the extracts. Administration of methanol 
extracts of P. americana bark, leaf and root to alloxan-induced diabetic rats resulted in significant 
(P < 0.05) decreases in AST, ALP, ALT, Total bilirubin, LPO, plasma glucose and significant (P < 0.05) 
increases in GSH, CAT and SOD. These effects were like that of glibenclamide. The enzyme inhibitory, 
hepatoprotective, antioxidant and antidiabetic properties of P. americana are some of the benefits 
derived from its consumption and ethnomedicinal use.

An estimation by the World Health Organisation indicated that about 80% of the world’s population still practise 
the use of medicinal herbs as part of their primary healthcare1. This practice has been in use, for a long time, in 
the treatment of different diseases especially among local populations in developing countries2–6. However, the 
practice of traditional indigenous medicine is often associated with reports of successful treatment of diseases 
with medicinal plants, with no tangible scientific backing7. For example, the fruit of the common medicinal 
plant, P. americana, which is often eaten as food, has been reported to be useful in the treatment of hyperten-
sion, diabetes, stomach ache, bronchitis etc.8,9. Different parts of P. americana have been reportedly used for the 
treatment of different ailments. For example, the stem bark is used in the treatment of asthma, cough, diabetes, 
fever, as well as diseases of the liver and kidney, and the leaf is used in the treatment of hypertension, cough, 
ulcer and diarrhoea, while the root is used in the treatment of skin blemishes, convulsion, epilepsy and hormonal 
disorders in women8,9.

Persea americana (Avocado or Tree’s fruit) is a flowering medicinal plant and a member of the family 
Lauraceae10, which is widely cultivated in the tropical and subtropical regions11. It originated from Mexico and 
Central or South America but was first cultivated in Mexico as early as 500 bc12. One of the common indigenous 
therapeutic uses of P. americana is in the management of diabetes, which is on the increase in most part of the 
world13. Diabetes is a chronic disorder of the endocrine system which is associated with other cardiovascular 
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risk factors like hypertension, dyslipidaemia and other microvascular disorders involving the eyes, kidneys and 
peripheral nerves14,15. It commonly occurs due to abnormality in the metabolism of essential nutrients which 
results from inadequacy and inefficiency of insulin, and often associated with hyperglycaemia and glycosuria16.

The resort to herbal remedy, like the use of P. americana, in the management of diabetes is mainly due to its 
easy accessibility, perceived little or no side effects, as well as little or no associated cost17. Several research find-
ings have shown that the presence of phytochemicals and phytonutrients, with their associated medicinal values, 
play major role in the efficacy of medicinal plants18–22. These phytochemicals and phytonutrients are believed 
to be abundant in P. americana17. Consequently, the consumption of P. americana as food or its use as an herbal 
remedy for the management of diabetes is reported to be due to the medicinal benefits of its phytonutrients and 
phytochemicals17. In an attempt to give a possible scientific validation to these, we investigated the benefits of 
the consumption of P. americana by evaluating: its ability to inhibit some enzyme of carbohydrate metabolism; 
its hepatoprotective, antioxidant and antidiabetic properties. The antioxidant activity was compared to that of 
vitamin C while the antidiabetic properties was compared to that of glibenclamide (a standard antidiabetic drug).

Materials and methods
Preparation of methanolic extract of P. americana parts.  Samples of the leaves, bark and roots of 
P. americana were freshly collected from a local garden in Ujemen-Ekpoma in Edo State (located in Latitudes 
6° 44′ 262′′ N and Longitude 6°05′ 76′′ E, with an elevation of 364 m above sea level), with verbal permission 
from the keeper. The formal identification of the samples was done by a Botanist at the herbarium section of the 
department of Botany, Ambrose Alli University. A voucher specimen, with herbarium number AAUE735, was 
deposited in a publicly available herbarium. All possible contaminants were removed by carefully washing the 
samples under running tap water. They were allowed to dry in an airy environment without direct exposure to 
sunlight. The dried plant samples were then chopped into fine bits and afterwards pulverized into fine powdery 
form. Exactly 450 g each of the powdered samples were macerated in 2100 ml of 99% methanol for 72 h. The 
mixtures were stirred at intervals on a magnetic stirrer. Afterwards, the extracts were separated from the pellets 
by filtration of the mixtures, using a muslin cloth. The extracts were subsequently concentrated using a rotary 
vacuum evaporator (Re-52A, lab science, England), at 37 °C. The concentrated leaves, bark and root extracts 
were stored in sterilized sample bottles and refrigerated for further use.

The percentage yield of the extracts were determined as follows;

Phytochemical estimation.  Total phenol content of the plant extracts was determined as described by 
Siddhuraju and Becker23, and was expressed as mg of gallic acid equivalent (mg GAE/g extract). The method 
described by Makkar et al.24, was used to determine the total saponin content of the extracts and it was expressed 
as Quinine equivalent (mg QUE/g extract). The total flavonoid content of the extracts was estimated in line with 
the reported procedure by Juan and Chou25. The estimation of the total tannin content of the extracts was in 
accordance with the method described by Polshettiwar et al.26, and was expressed as tannic acid equivalent (mg 
TAN/g extract).

In vitro antioxidant activity estimation.  The method described by Makkar et  al.24 was used in the 
estimation of the DPPH (2,2 diphenyl-1-picrylhydrazine) free radical scavenging ability of the extracts and was 
calculated using DPPH scavenging effect (% inhibition). The method described by Re et al.27 was employed in 
the estimation of the ABTS (2,2-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging ability of 
the extracts. The total reducing capability of the extracts was determined as described by Oyaizu28. For ferric 
reducing antioxidant power (FRAP), the method described by Benzie and Strain29 was used.

Enzyme inhibition tests.  Alpha-amylase test was carried out as described by Worthington30, while alpha-
glycosidase test was performed as described by Apostolidis et al.31. In both cases, glibenclamide was used as the 
positive control and the inhibitory activity of both enzymes was expressed as percentage inhibition. The IC50 of 
the various interactions between the extracts and the enzymes were determined using a dose–response curve.

Experimental design for animal study.  Mature male and female Wister Albino rats, whose body weights 
were between 180 and 220 g, were procured from the animal house of the department of Biochemistry, Federal 
University of Technology Akure. The rats were housed in clean and well disinfected cages in the animal house of 
the department of Biochemistry (Ambrose Alli University, Ekpoma) and allowed to adjust to the new environ-
ment for one week. The animal house was maintained on a 12-h light and dark photoperiod, with standard room 
temperature and humidity every day. All through the duration of the experiment, the rats had free access to clean 
water and food. The experimental procedure, which involved two phases, lasted for 28 days.

Phase 1 The doses responsible for acute toxicity (LD50) of the extracts, glibenclamide and alloxan were esti-
mated by the modified Lorke’s method32. Firstly, increasing doses of the extracts (1000, 2000 and 3000 mg/kg), 
glibenclamide (5, 10 and 15 mg/kg) and alloxan (100, 110 and 120 mg/kg) were administered to three groups 
of four rats each. The rats were monitored for 24 h for signs of toxicity and death. Secondly, further increasing 
doses of the extracts (4000, 5000 and 6000 mg/kg), glibenclamide (20, 25 and 30 mg/kg) and alloxan (130, 140 
and 150 mg/kg) were administered to another set of three groups of four rats and were also monitored for 24 h 
for signs of toxicity and death. After 24 h, we did not record any death or observe any signs of toxicity such as 

% yield =

Weight of dry extract

Weight of sample
× 100.
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depression, weakness and loss of appetite. The LD50 of the extracts were determined using the second set with 
higher doses.

Phase 2 Thirty rats were randomly grouped in fives. The rats in group I were not induced with diabetes or 
treated with either the extracts or glibenclamide. The served as the general control group. Diabetes was induced 
in groups II to VI via intraperitoneal administration of 120 mg/kg alloxan monohydrate (dissolved in cold 
normal saline). After 48 h of induction, the experimental rats with fasting blood glucose level ≥ 200 mg/dl were 
classified as diabetic. At the confirmation of experimental diabetes in the rats, treatment with glibenclamide or 
P. americana extracts commenced immediately. The rats in group II were treated with glibenclamide, at a dose 
of 10 mg/kg body weight, and they served as the positive control. The rats in group III were neither treated with 
glibenclamide nor the extracts, and they served as the negative control. In group IV, the rats were treated with 
methanol extract of the stem-bark of P. americana (MEPAB) at a dose of 500 mg/kg body weight. Group V rats 
were treated with methanol extract of the leaves of P. americana (MEPAL) at a dose of 500 mg/kg body weight. 
While, the rats in group VI were treated with methanol extract of the root of P. americana (MEPAR) at a dose 
of 500 mg/kg body weight.

The route of administration of glibenclamide and the extracts was oral, with a gavage, and the treatment 
lasted for 28 days. At the end of the treatment, the experimental rats were allowed to fast overnight, after which 
they were euthanized. Blood samples were collected by cardiac puncture (with the use of sterilized needles 
and syringes) into clean plain sample tubes. The serum in each tube was separated from the blood pellets, by 
centrifugation at 4000 rpm for 10 min, and refrigerated at − 4 °C till use. Also, known weights of some harvested 
organs (liver, kidney and heart) were homogenized in ice cold phosphate buffer using mortar and pestle. The 
homogenates obtained were centrifuged for 15 min at 4000 rmp and the supernatants collected and refrigerated 
at − 4 °C till use. After the study, the carcases of the rats were properly wrapped in a plastic bag and buried 
underground.

Liver function tests.  Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) activities 
were determined as described by Reitman and Frankel33. The method by Kochmar and Moss34 was used in the 
determination of Alkaline phosphatase (ALP) Activity. While, the method by Jendrassik and Grof35 was used in 
the determination of Total Bilirubin (TB).

Antioxidant determinations.  Superoxide dismutase (SOD) activity was determined as described by 
Misra and Fridovich36. Reduced glutathione (GSH) activity was determined as described by Beutler et al.37. The 
method described by Cohen et al.38 was employed in the determination of Catalase (CAT) activity. While, the 
method of Rice-Evans et al.39 was employed in the determination of Lipid peroxidation (LPO) activity.

Statistical analysis.  Data were subjected to analysis of variance (ANOVA) and Tukey–Kramer multiple 
comparison test was performed using instant statistical package. The difference was considered statistically sig-
nificant when P < 0.05.

Ethics approval and consent to participate.  The ethical approval for this research was obtained from 
the Research Ethics Committee of the Department of Biochemistry, Ambrose Alli University, Ekpoma Nigeria. 
The use of rats for the study was also according to the Ethical Guidelines Involving Whole Animal Testing of the 
Research Ethics Committee of the Department of Biochemistry, Ambrose Alli University, Ekpoma Nigeria, and 
the reporting in the manuscript follows the recommendations in the ARRIVE guidelines. Consent to participate 
is not applicable.

Results
Persea americana possess high amount of biologically useful phytochemicals.  The phytochem-
ical constituents of the methanol extract of P. americana (P.A) root, bark and leaves are presented in Table 1. The 
results show that the root extract had the highest tannin content when compared to the extracts of the bark and 
that of the leaves. The leaves possess the highest saponin and flavonoid content, while the bark has the highest 
phenolic content. The high amounts of the selected phytochemicals, with proven biological properties (as evi-
dent in literature), points at the ethnomedicinal benefits of P. americana.

The in vitro antioxidant analysis of P. americana indicate its high ferric reducing and free radi-
cal scavenging abilities.  The ferric reducing antioxidant properties (FRAP) of the extracts as presented 

Table 1.   Phytochemical constituents of P. americana.  Values represent mean ± standard deviation of replicate 
readings. Values with different superscripts (a,b,c) along the same column are significantly different from one 
another (P < 0.05). Where MEPAL Methanol Extract of P. americana leave, MEPAR Methanol Extract of P. 
americana root, MEPAB Methanol Extract of P. americana stem bark.

Phenols (mg GAE/g) Saponin (mg QUE/g) Flavonoids (mg QUE/g) Tannin (mg TAN/g)

MEPAL 206.50 ± 0.26a 436.80 ± 3.76a 382.80 ± 0.67a 48.76 ± 0.37a

MEPAR 246.10 ± 0.67c 141.70 ± 1.70b 344.30 ± 0.32c 58.34 ± 0.09b

MEPAB 250.50 ± 0.68b 111.80 ± 0.22c 287.90 ± 0.60b 49.42 ± 0.26a
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in Fig. 1, revealed that the root extract has the highest reducing property compared to the leaf and bark extracts 
which tend to have similar reducing capacities. The total reducing power of P. americana methanol extracts is 
presented in form of ascorbic acid equivalent (Fig. 1). It indicates that the extract of the leaves has the highest 
reducing power compared to the root and bark extracts, which tend to have similar reducing capacities. The 
ABTS radical scavenging ability of the different extracts as presented in Table 2, revealed that the root extract had 
the highest scavenging ability compare to the bark extract and leaves extract. The DPPH free radical scavenging 
ability of the different extracts (Table 2) shows that at lower concentrations, the extract of the leaves has the high-
est scavenging ability, but at the highest concentration tested, the root extract displayed the highest scavenging 
ability. Also, as indicated in Table 3, the IC50 values for the scavenging activities of ABTS and DPPH were highest 

Figure 1.   Ferric reducing antioxidant properties (FRAP) and Total reducing activity of P. americana extracts. 
Where MEPAL methanol extract of P. americana leave, MEPAR methanol extract of P. americana root, MEPAB 
methanol extract of P. americana stem bark.

Table 2.   ABTS and DPPH scavenging activity of P. americana extracts. Values represent mean ± standard 
deviation of replicate readings. Values with different superscripts (a,b,c,d) along the same row are significantly 
different from one another (P < 0.05). Where MEPAL methanol extract of P. americana leave, MEPAR 
methanol extract of P. americana root, MEPAB methanol extract of P. americana stem bark.

% Inhibition

ASSAY Concentration (µg/ml) Ascorbic acid MEPAL MEPAR MEPAB

ABTS

40 41.01 ± 0.1a 7.86 ± 0.04b 7.03 ± 1.51c 6.62 ± 0.65d

80 80.25 ± 1.14a 12.34 ± 0.45b 13.60 ± 0.31b 10.12 ± 0.45c

120 90.53 ± 0.45a 19.67 ± 0.50b 36.98 ± 0.85c 13.30 ± 0.14d

160 93.39 ± 0.16a 24.05 ± 0.44b 43.44 ± 0.44c 22.25 ± 0.42b

200 99.04 ± 0.11a 28.16 ± 0.49b 65.30 ± 0.22c 30.58 ± 0.48b

DPPH

40 32.78 ± 0.35a 0.64 ± 0.13b 1.21 ± 0.70c 1.95 ± 0.44d

80 48.17 ± 0.24a 3.56 ± 1.32b 2.63 ± 0.83c 2.39 ± 0.73c

120 60.46 ± 0.01a 4.39 ± 1.22b 3.09 ± 0.66c 2.73 ± 0.75c

160 78.04 ± 0.05a 8.90 ± 0.82b 7.77 ± 0.65b 4.94 ± 1.32c

200 90.42 ± 0.12a 14.58 ± 1.96b 19.34 ± 4.41c 11.28 ± 2.19d

Table 3.   IC50 value for the scavenging activity of ABTS and DPPH by P. americana extracts. Values represent 
mean ± standard deviation of replicate readings. Where MEPAL methanol extract of P. americana leave, 
MEPAR methanol extract of P. americana root, MEPAB methanol extract of P. americana stem bark. Values 
with different superscripts (a,b,c,d) along the same row are significantly different from one another (P < 0.05).

IC 50 (µg/ml)

ASSAYS Ascorbic acid MEPAL MEPAR MEPAB

DPPH 102.46 ± 0.12a 900.45 ± 18.57b 812.50 ± 17.91c 1322.76 ± 30.39d

ABTS 82.01 ± 0.12a 335.86 ± 9.91b 170.66 ± 1.25c 358 ± 8.42d
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in the bark extract and lowest in the root extract. The reducing and free radical scavenging activities described 
above shows that P. americana extracts have the potentials to protect against the harmful effects of free radicals 
in the biological system.

Persea americana effectively inhibits some enzymes (alpha‑glycosidase and alpha‑amylase) 
of carbohydrate metabolism in vitro.  The inhibitory effect P. americana extracts on alpha-glycosidase 
activity as presented in Table 4 shows that the alpha-glycosidase inhibitory activity of the extracts increased with 
increasing concentrations of the extract as compared to that of glibenclamide (positive control). P. americana 
root extract had the highest inhibitory activity (95.00 ± 1.20%) followed by the leaf extract (83.68 ± 5.11%) and 
bark extract (73.77 ± 6.81%). As indicated in Table 4, the alpha amylase inhibitory activity of the extracts also 
increased with increasing concentrations of the extract as compared to the positive control, glibenclamide. The 
leaf extract had the highest inhibitory ability (94.80 ± 2.89%) followed by the bark extract (93.26 ± 1.16%) and 
root extract (90.37 ± 0.96%). The IC50 value of the extracts on alpha-amylase and alpha-glycosidase activities 
were significantly lower than that of glibenclamide (Table 5). However, the root extract had the highest value on 
alpha-amylase while the bark extract had the highest value on alpha-glycosidase. The inhibitory effects of the 
extracts on alpha-glycosidase and alpha-amylase shows the potential of P. americana to reduce or slow down 
carbohydrate metabolism, which is useful in the management of diabetes.

The acute toxicity test of P. americana indicates its relative safety as administered to the 
experimental diabetic rats.  In Table 6, the acute toxicity tests (LD50) of the extracts, glibenclamide and 
alloxan on the experimental animals indicate that there were no signs of mortality or any behavioural changes. 
However, hypoactivity was observed at the highest dose of alloxan administration. Thus, the extracts were well 
tolerated by the experimental rats and are relatively safe.

Persea americana restores loss in body weight but had no significant effect on the weight of 
some selected organs (Liver, Kidney, Heart) of the experimental diabetic rats.  Table 7 shows 
steady significant (P < 0.05) decreases in body weights of the experimental diabetic rats treated with glibencla-
mide (group II) up to week 3 of treatment. At week 4 of treatment, the body weight significantly increased up 
to the initial weight. This trend was also observed in the extract treated groups (groups IV, V and VI), with a 
significant (P < 0.05) increase in body weight at week 4 of treatment. In contrast, the rats in group III which were 
induced with diabetes but not treated exhibited steady significant (P < 0.05) decreases in body weight up to the 
last week of the experiment (week 4). Thus, P. americana root extracts restore and maintains body weight in the 
alloxan-induced diabetic rats.

Table 4.   Inhibition of alpha-glycosidase and alpha-amylase activity by extracts of P. americana.  Values 
represent mean ± standard deviation of replicate readings. Values with different superscripts (a,b,c,d) along 
the same row are significantly different from one another (P < 0.05). Where MEPAL methanol extract of P. 
americana leave, MEPAR methanol extract of P. americana root, MEPAB methanol extract of P. americana 
stem bark.

%Inhibition

ASSAY Concentration (µg/ml) Glibenclamide MEPAL MEPAB MEPAR

Alpha-glycosidase

0.4 56.07 ± 9.63a 56.36 ± 2.40a 55.36 ± 0.60a 63.46 ± 1.10b

0.8 66.38 ± 0.48a 66.77 ± 9.41a 61.26 ± 1.90b 73.87 ± 1.50c

1.2 64.35 ± 9.83a 72.67 ± 4.91b 66.47 ± 5.91a 77.58 ± 2.60c

1.6 58.77 ± 14.5a 83.68 ± 5.11b 73.77 ± 6.81c 95.00 ± 1.20d

Alpha-amylase

0.4 42.77 ± 4.63a 63.97 ± 2.12b 73.03 ± 4.24c 63.78 ± 0.77b

0.8 41.81 ± 3.85a 83.82 ± 3.28b 86.03 ± 2.22b 73.22 ± 2.87c

1.2 44.41 ± 4.91a 86.71 ± 2.12b 90.37 ± 2.31c 81.41 ± 3.76d

1.6 39.11 ± 0.19a 94.80 ± 2.89b 93.26 ± 1.16b 90.37 ± 0.96c

Table 5.   IC50 value of P. americana extracts on alpha-amylase and alpha-glycosidase activity. Values represent 
mean ± standard deviation of replicate readings. Where MEPAL methanol extract of P. americana leave, 
MEPAR methanol extract of P. americana root, MEPAB methanol extract of P. americana stem bark. Values 
with different superscripts (a,b,c,d) along the same row are significantly different from one another (P < 0.05).

IC50 (mg/ml)

Assays Glibenclamide MEPAL MEPAB MEPAR

Alpha amylase 1.45 ± 0.10a 0.69 ± 0.003b 0.68 ± 0.02b 0.74 ± 0.01c

Alpha glycosidase 0.97 ± 0.03a 0.81 ± 0.06b 0.90 ± 0.06c 0.73 ± 0.01d
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Table 6.   Acute toxicity (LD50) test of P. americana leaf, seed and root extract, as well as glibenclamide and 
alloxan. N number of rats, MEPAL methanol extract of P. americana leaf, MEPAB methanol extract of P. 
americana bark, MEPAR methanol extract of P. americana root.

Extract/drug Phase N Dose (mg/kg) Toxicity sign Mortality

MEPAL

1

4 1000 No sign Nil

4 2000 No sign Nil

4 3000 No sign Nil

2

4 4000 No sign Nil

4 5000 No sign Nil

4 6000 No sign Nil

MEPAB

1

4 1000 No sign Nil

4 2000 No sign Nil

4 3000 No sign Nil

2

4 4000 No sign Nil

4 5000 No sign Nil

4 6000 No sign Nil

MEPAR

1

4 1000 No sign Nil

4 2000 No sign Nil

4 3000 No sign Nil

2

4 4000 No sign Nil

4 5000 No sign Nil

4 6000 No sign Nil

Glibenclamide

1

4 5 No sign Nil

4 10 No sign Nil

4 15 No sign Nil

2

4 20 No sign Nil

4 25 No sign Nil

4 30 No sign Nil

Alloxan

1

4 100 No sign Nil

4 110 No sign Nil

4 120 No sign Nil

2

4 130 No sign Nil

4 140 Overactivity Nil

4 150 Overactivity Nil

Table 7.   Effect of P. americana extracts on the body weight and selected organs (Liver, Kidney, Heart) of 
alloxan–induced diabetic rats. Values represent mean ± standard deviation (n = 5). Values with different 
superscripts (a,b,c,d) along the same group are significantly different from one another (P < 0.05). Group I—
normal control rats, Group II—diabetic rats treated with glibenclamide, Group III—diabetic rats not treated, 
Group IV—diabetic rats treated with methanol extract of P. americana bark, Group V—diabetic rats treated 
with methanol extract of P. americana leaves, Group VI—diabetic rats treated with methanol extract of P. 
americana root.

Body/organ Time

Weight (g) of groups

I II III IV V VI

Body

Before experiment 183.0 ± 0.78a 197.3 ± 5.98a 202.8 ± 2.84a 200.5 ± 8.65a 195.7 ± 5.38a 192.2 ± 3.94a

Week 1 184.6 ± 0.41a 193.7 ± 6.15b 196.9 ± 3.17b 193.7 ± 7.16b 189.3 ± 4.83b 187.6 ± 4.36b

Week 2 186.3 ± 0.92a 193.4 ± 5.06b 192.7 ± 3.06c 190.4 ± 6.99c 188.3 ± 5.06b 185.8 ± 4.42c

Week 3 188.2 ± 0.84b 195.7 ± 5.63b 190.0 ± 3.24d 191.8 ± 6.88c 190.0 ± 4.70b 187.1 ± 4.10b

Week 4 191.1 ± 1.07b 197.5 ± 6.06c 188.6 ± 3.46d 194.4 ± 6.87b 192.0 ± 4.61c 188.6 ± 4.14b

Liver Week 4 5.64 ± 0.50a 7.40 ± 0.91b 7.66 ± 0.71b 6.07 ± 0.14a 5.99 ± 0.19a 6.65 ± 0.43a

Kidney Week 4 1.00 ± 0.07a 1.33 ± 0.05b 1.43 ± 0.18b 0.15 ± 0.04a 1.11 ± 0.07a 1.33 ± 0.11a

Heart Week 4 0.56 ± 0.02a 0.69 ± 0.02b 0.81 ± 0.03c 0.62 ± 0.04a 0.68 ± 0.04b 0.65 ± 0.05b
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As also shown in Table 7, the administration of extracts of P. americana stem bark, leaf and root did not sig-
nificantly affect the weight of the selected organs of the rats in the respective treated groups (IV, V and VI). On 
the contrary, the untreated (group III) and glibenclamide-treated (group II) diabetic groups showed significant 
(P < 0.05) increase in organ weight, as compared with the normal control group. Thus, as against the effect of 
glibenclamide, the extracts of P. americana has no toxic effect on the selected organs.

Persea americana protects against the deleterious effects of alloxan on the hepatocytes by 
preventing the leakage of the liver function enzymes, thereby reducing their levels in the 
blood.  Table 8 shows the effect of P. americana extracts on the activities of some liver function enzymes. The 
activities of the enzymes were shown to be significantly (P < 0.05) lower in the extract-treated diabetic groups 
as compared to those of the untreated diabetic groups. Also, the effects of the extracts were shown to be similar 
to that of the standard drug (glibenclamide). There were significant (P < 0.05) decreases in the AST levels in all 
the extract-treated groups (IV, V and VI) as compared to that of the untreated group (III—negative control). 
Between the extract-treated diabetic groups, that of the root extract (group VI) was significantly (P < 0.05) lower 
as compared to other extracts treated groups and the glibenclamide-treated group (II—positive control). Also, 
the AST level of the glibenclamide-treated group was significantly (P < 0.05) lower than that of the untreated 
group (III-negative control)". ALP activity was significantly (P < 0.05) lower in the extract-treated groups (IV, 
V and VI) as compared to that of the untreated group (III), but significantly (P < 0.05) higher than that of the 
glibenclamide-treated group (II). However, among the extract-treated groups, the leaf and back extracts were 
shown to be more effective than the root extract. ALT activity was significantly (P < 0.05) lower in the extract-
treated groups (IV, V and VI) as compared to that of the untreated group (III) and that of the glibenclamide-
treated group (II). However, there were no significant differences among the extract-treated groups. The total 
bilirubin level, as observed, was also significantly (P < 0.05) lower in the extract-treated groups (IV, V and VI) as 
compared to that of the untreated group (III), but significantly (P < 0.05) higher than that of the glibenclamide-
treated group (II). However, among the extract-treated groups, the leaf extract was shown to be more effective. 
The reduction of the plasma levels of these enzymes by the extracts indicates their protective roles against the 
hepatotoxic effects of alloxan in the experimental rats.

Persea americana extracts protect against oxidative stress by boosting the activities of anti-
oxidant enzymes (GSH, CAT and SOD) and inhibiting lipid peroxidation process in the selected 
tissues of the experimental diabetic rats..  Table 9 shows the effect of P. americana extracts on the GSH 
activity of the serum, liver, heart and kidney of the experimental rats. GSH activity was significantly (P < 0.05) 
higher in the blood, liver, heart and kidney of the rats in all the extract-treated diabetic groups (IV, V and VI) as 
compared to the untreated diabetic group (III). However, among the extract-treated groups, the GSH activity of 
the bark extract was significantly (P < 0.05) highest in the blood, while that of the root extract was significantly 
(P < 0.05) highest in the liver and kidney. Comparatively, the administration of glibenclamide (group II) resulted 
in significant (P < 0.05) increase in GSH activity in the blood and significant (P < 0.05) decrease in GSH activity 
in the liver.

Also, Table 9 shows the effect of P. americana on the CAT activity of the heart, kidney, liver and blood of 
the experimental rats. Administration of the extracts to the alloxan-induced diabetic rats resulted in significant 
(P < 0.05) increases in the CAT activity in the blood, liver, heart and kidney of the treated groups (IV, V and VI), 
as compared to the untreated group (III). In a similar manner, the administration of glibenclamide also resulted 
in significant (P < 0.05) increases in the CAT activity in all the tissues, except the kidney. Among the extract 
treated groups, the CAT activity of the leaf extract was significantly (P < 0.05) highest in the blood while that of 
the bark extract was significantly (P < 0.05) highest in the liver.

In Table 9, the administration of P. americana bark, leaf or root extracts resulted in significant (P < 0.05) 
increases in the SOD activity of the serum, liver, heart and kidney of the alloxan-induced diabetic rats (groups 
IV, V and VI), as compared to the untreated diabetic group (III) and the glibenclamide-treated diabetic group 

Table 8.   Effect of P. americana extracts on the liver enzymes of alloxan-diabetic rats. Values represent 
mean ± standard deviation (n = 5). Values with different superscripts (a,b,c,d,e) along the same column are 
significantly different from one another (P < 0.05). Group I—normal control rats, Group II—diabetic rats 
treated with glibenclamide, Group III—diabetic rats not treated, Group IV—diabetic rats treated with 
methanol extract of P. americana stem bark, Group V—diabetic rats treated with methanol extract of P. 
americana leaves, Group VI—diabetic rats treated with methanol extract of P. americana root.

Groups

Enzyme assays

AST (IU/l) ALP (IU/l) ALT (IU/l) Total Bilirubin (mg/100 ml)

I 11.60 ± 0.93a 6.59 ± 0.59a 5.60 ± 0.81a 1.36 ± 0.12a

II 27.00 ± 1.58b 12.51 ± 1.49b 17.40 ± 1.21b 0.29 ± 0.03b

III 57.28 ± 3.44c 63.94 ± 1.94c 41.32 ± 2.49c 2.25 ± 0.13c

IV 24.00 ± 2.10b 21.24 ± 1.41d 13.40 ± 1.17d 0.55 ± 0.04d

V 29.20 ± 1.35b 18.37 ± 1.60d 12.00 ± 0.89d 0.36 ± 0.03b

VI 16.60 ± 1.36d 41.25 ± 4.67e 13.80 ± 1.24d 0.49 ± 0.05d
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(II). Within the extract-treated groups, the effect of the bark extract is evidently highest in the serum while that 
of the root extract is highest in the liver. Interestingly, the effect of the extracts on the SOD activity of the tissues 
were observed to be better than that of the standard drug, glibenclamide.

Also in Table 9, the administration of the methanol extracts of the different parts of P. americana to the 
alloxan-induced diabetic rats resulted in significant (P < 0.05) decreases in the products of lipid peroxidation 
(LPO) in the serum, liver, heart and kidney of the treated groups (IV, V and VI), as compared to the untreated 
diabetic group (III). Administration of glibenclamide also resulted in similar effect in the treated groups, except 
in the kidney where the reduction was not significant. However, among the extract-treated diabetic groups, the 
effect of the leaf extract was significantly (P < 0.05) highest in the serum and heart. While the effect of the bark 
extract was significantly (P < 0.05) highest in the liver and kidney. Evidently, treatment with P. americana extracts 
protects against the actions of free radicals by slowing down the lipid peroxidation process.

Persea americana exhibits antidiabetic properties by reducing the plasma glucose level in 
alloxan‑induced experimental diabetic rats.  Table 10 shows the effects of the administration of the 
bark, leaf and root extracts of P. americana in alloxan-induced diabetic rats. The significant (P < 0.05) increases 
in the glucose level of the diabetic groups, after induction with alloxan, were steadily reversed in the course of 
treatment (from week 1 to week 4) with the various extracts and glibenclamide. Thus, administration of the 
extracts resulted in steady significant (P < 0.05) decreases in the plasma glucose level in all the treated groups 
(IV, V and VI), as compared to that of the untreated group (III). The effects of the extracts are similar to that of 
the standard antidiabetic drug, glibenclamide.

Discussion
The consumption of medicinal herbs or plants for various health and nutritional benefits has stood the test 
of time. It is an ancient tradition which is still very much relevant in the modern society, especially in the 
management of diabetes. In ethnomedicine, the use of P. americana to manage or possibly treat diabetes, and 
its complications, has been well accepted due to the belief that it offers health benefits that are perceived not 
to be available in orthodox medicine and related therapeutic interventions. In corroboration with the above, 

Table 9.   Effect of P. americana extracts on GSH, CAT, SOD and LPO activities of the alloxan-diabetic rats. 
Values represent mean ± standard deviation (n = 5). Values with different superscripts (a,b,c,d,e) along the same 
column are significantly different from one another (P < 0.05). Group I—normal control rats, Group II—
diabetic rats treated with glibenclamide, Group III—diabetic rats not treated, Group IV—diabetic rats treated 
with methanol extract of P. americana stem bark, Group V—diabetic rats treated with methanol extract of P. 
americana leaves, Group VI—diabetic rats treated with methanol extract of P. americana root.

Tissue/organs

Enzyme activity Group Serum Liver Heart Kidney

GSH (mg/g protein)

I 11.59 ± 0.99a 9.55 ± 1.17a 4.56 ± 0.41a 6.98 ± 0.65a

II 20.36 ± 1.41b 9.73 ± 1.57a 5.62 ± 0.37a 6.59 ± 1.01a

III 8.49 ± 0.37c 7.42 ± 0.29b 2.86 ± 0.25b 4.66 ± 0.33b

IV 14.84 ± 0.99d 10.33 ± 1.00c 5.09 ± 0.47c 7.85 ± 0.95c

V 11.15 ± 1.64a 11.25 ± 1.05c 4.70 ± 0.46c 6.02 ± 0.69a

VI 11.49 ± 1.12a 13.62 ± 1.39d 5.43 ± 0.37c 9.26 ± 0.62d

Catalase (nmol/min/ml)

I 0.042 ± 0.001a 0.054 ± 0.001a 0.054 ± 0.001a 0.054 ± 0.001a

II 0.046 ± 0.002b 0.056 ± 0.001a 0.055 ± 0.003a 0.052 ± 0.001a

III 0.036 ± 0.001c 0.044 ± 0.001b 0.051 ± 0.001b 0.052 ± 0.001a

IV 0.044 ± 0.001b 0.066 ± 0.003c 0.055 ± 0.004a 0.059 ± 0.001b

V 0.050 ± 0.001d 0.052 ± 0.001a 0.053 ± 0.004a 0.057 ± 0.001b

VI 0.045 ± 0.001b 0.046 ± 0.002b 0.055 ± 0.004a 0.060 ± 0.001b

SOD (U/g protein)

I 1.29 ± 0.10a 1.56 ± 0.05a 0.92 ± 0.15a 1.68 ± 0.02a

II 1.43 ± 0.14b 1.59 ± 0.03a 1.16 ± 0.04b 1.82 ± 0.04b

III 1.48 ± 0.06b 1.58 ± 0.02a 1.18 ± 0.03b 1.79 ± 0.02b

IV 1.75 ± 0.03c 1.63 ± 0.03b 1.29 ± 0.07c 1.88 ± 0.01c

V 1.56 ± 0.03d 1.66 ± 0.02b 1.31 ± 0.06c 1.85 ± 0.01c

VI 1.66 ± 0.01c 1.75 ± 0.02c 1.26 ± 0.04c 1.87 ± 0.03c

LPO (U/g protein)

I 9.14 ± 0.66a 23.36 ± 2.93a 31.58 ± 6.45a 91.43 ± 8.13a

II 9.32 ± 1.12a 43.84 ± 4.72b 45.70 ± 5.55b 268.52 ± 14.63b

III 39.94 ± 1.97b 95.7 ± 2.05c 81.50 ± 3.48c 299.64 ± 15.75c

IV 10.29 ± 0.56a 26.84 ± 5.69a 64.70 ± 4.42d 98.64 ± 12.08d

V 7.12 ± 0.65c 40.76 ± 7.55b 40.13 ± 4.35e 272.0 ± 19.05b

VI 26.62 ± 1.23d 28.18 ± 7.25d 48.77 ± 5.81b 247.3 ± 18.75e
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findings form our present study show that consumption of P. americana comes with some health benefits which 
are especially useful in the management of diabetes and the complications associated with it. Our quantitative 
phytochemical screening of P. americana shows that the different parts (bark, leaf and root) of the plant pos-
sess high amount of biologically useful active principles. Phenols were found to be comparatively higher in the 
bark extract, saponin and flavonoids were found to be high in the leaf extract, while tannin was found to be 
abundant in the root extract. These phytochemicals are known for their biological activities and their presence 
in P. americana makes it a plant of high medicinal value. For example, phenols have been reported to exhibit 
hypoglycemic properties possibly by inhibiting the action of sodium-glucose transporter I40. Saponin has also 
been reported to exhibit hypoglycemic properties by possibly inhibiting glycogenesis or glycolysis in the liver41. 
Flavonoids have been shown to possess powerful antioxidant abilities which is helpful in protecting biological 
tissues against the activities of toxic agents or oxidative stress42. Like phenols, tannins are also reputed for their 
high hypoglycemic activities40. Thus, the biological properties of the selected phytochemicals, as described above 
points at the ethnomedicinal benefits of P. americana.

In vitro antioxidant analysis of the bark, leaf and root extracts of P. americana shows high reducing (FRAP) 
and free radical scavenging (ABTS and DPPH) activities which are equivalent to that of ascorbic acid. Antioxi-
dants play a major role in the body’s defense system against reactive oxygen species (ROS) 43. These antioxidant 
properties, which could be linked to its high flavonoid content, indicate the ability of P. americana to protect 
against the harmful effects of free radicals in the biological system. This agrees with earlier report that the 
seeds and leaves of P. americana can be useful in the formulation of future antioxidant products44, which can 
be attributed to the presence of phytochemicals like flavonoids in the leaf as described above. Apart from the 
antioxidant properties, the in vitro analysis also revealed the effectiveness of P. americana at inhibiting the activi-
ties of some enzymes of carbohydrate metabolism. The effect was observed to be similar to that of the standard 
antidiabetic drug (glibenclamide). Alpha-glycosidase and alpha-amylase are major enzymes that are involved 
in the catabolism of carbohydrates. Their inhibition often plays a major role in the regulation of blood glucose 
level by reducing the amount of glucose available from breakdown of carbohydrates. In line with our findings, 
other researchers have earlier reported the ability of P. americana to reduce glycemic indices in vivo41,44. The 
inhibitory effects of the extracts of the different parts of P. americana on alpha-glycosidase and alpha-amylase 
shows its potential to reduce or slow down carbohydrate metabolism, which is very useful in the management of 
diabetes and its resulting complications. These effects could also be attributed to the presence of high amounts 
of saponin and phenols in the plant, as observed in our phytochemical screening.

Acute toxicity test (LD50) of the bark, leaf and root extracts of P. americana indicates its relative safety in vivo. 
After administering the different extracts to the normal experimental rats, no signs of mortality or behavioural 
changes were observed, even at the highest dose of 6000 mg/kg body weight. Acute toxicity test is often used 
to quickly assess the relative safety of natural products or medicinal plants in the biological system2. Thus, our 
observation shows that the extracts were well tolerated by the experimental rats, which is indicative of the relative 
safety of the use of P. americana in ethnomedicine. This is also supported by the finding that, administration 
of the extracts to alloxan-induced diabetic rats did not cause any changes in the weights of the selected organs 
(liver, kidney and heart), rather they tend to normalise them. This effect was observed to be similar to that 
of glibenclamide. However, the administration of the extracts to alloxan-induced diabetic rats was helpful 
in restoring and maintaining the body weights of the experimental rats, after the effect of alloxan. Alloxan-
induced weight loss in the untreated diabetic rats imitates the commonly observed clinical signs and symptoms 
of diabetics45. The ability of P. americana to restore body weight may be connected to its hypoglycaemic effect, 
possibly due to increased glucose metabolism, or the prevention of muscle wasting, as a protective role.

The protective role of P. americana was also observed in the liver of the alloxan-induced diabetic rats. Alloxan 
evidently caused increased activities of AST, ALP, ALT and total bilirubin in the serum of the alloxan-induced 
diabetic rats due to its toxic effect on the hepatocytes. The membranes of the hepatocytes were possibly destroyed 
by the activities of free radicals, as initiated by alloxan toxicity. Destruction of the membranes of the hepatocytes 
often results in the escape of resident enzymes (AST, ALP, ALT) from the hepatocytes to into the blood. Thus, 
membrane permeability of hepatocytes increases during liver injury which leads to leakage of hepatic enzymes 

Table 10.   Effect of P. americana extracts on the blood glucose level of the alloxan-diabetic rats. Values 
represent mean ± standard deviation (n = 5). Values with different superscripts (a,b,c,d,e) along the same column 
are significantly different from one another (P < 0.05). Group I—normal control rats, Group II—diabetic 
rats treated with Glibenclamide, Group III—diabetic rats not treated, Group IV—diabetic rats treated with 
methanol extract of P. americana bark, Group V—diabetic rats treated with methanol extract of P. americana 
root, Group VI—diabetic rats treated with methanol extract of P. americana leaf.

Blood glucose level (mg/dl)/time

Group Before induction After induction Week 1 Week 2 Week 3 Week 4

I 96.0 ± 4.4 97.0 ± 3.8a 97.0 ± 2.7a 98.0 ± 3.5a 95.3 ± 2.9a 95.7 ± 1.9a

II 98.3 ± 2.6 596.3 ± 1.8b 519.0 ± 6.3b 426.7 ± 22.0b 201.0 ± 20.3b 99.0 ± 2.1a

III 98.3 ± 1.8 594.0 ± 2.1b 559.3 ± 6.7c 489.3 ± 7.7c 374.0 ± 12.8c 278.0 ± 15.7b

IV 97.3 ± 4.1 593.3 ± 2.7b 525.0 ± 11.0b 390.0 ± 15.3d 205.0 ± 11.2b 101.3 ± 4.4a

V 102.0 ± 2.7 596.0 ± 2.3b 546.7 ± 10.7d 457.7 ± 25.0e 203.7 ± 10.8b 99.0 ± 2.7a

VI 97.0 ± 1.5 592.7 ± 3.3b 533.3 ± 13.3d 380.3 ± 13.1d 202.0 ± 12.7b 105.7 ± 3.0a
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from hepatocytes. Increased levels of ALP and bilirubin are indicative of biliary tract obstruction while elevated 
levels of ALT and AST are known markers of liver injury. High amount of these enzymes in the blood is often 
of diagnostic value because it is indicative of damage to the liver. However, treatment with the bark, leaf and 
root extracts of P. americana was found to protect against the deleterious effects of alloxan on the hepatocytes. 
Administration of the extracts to the experimental diabetic rats resulted in the reduction of the activities of these 
enzymes in the blood, by preventing their escape from the hepatocyte. The effects of the extracts were shown 
to be similar to that glibenclamide. The reduction of the plasma levels of these enzymes and total bilirubin by 
the extracts indicates their protective roles against the hepatotoxic effects of alloxan in the experimental rats. 
This may be connected with the activities of phytochemicals like flavonoids which are reportedly abundant in 
the plant.

Oxidative stress is a known mechanism by which free radicals cause damage in the biological system. The tox-
icity of alloxan is often mediated through the actions of free radicals. The reduction of the activities or destruction 
of these free radicals by antioxidants usually protects biological molecules, membranes and tissues from damage. 
High amount of these antioxidant enzymes in the biological system is therefore useful and necessary for the fight 
against the damage by free radicals. Our findings show that the administration of P. americana extracts to the 
alloxan-induced diabetic rats protects the selected tissues (blood, liver, heart and kidney) against oxidative stress 
or damage caused by alloxan. As compared to the untreated diabetic groups, treatment with the extracts resulted 
in increased activities of the antioxidant enzymes (GSH, CAT and SOD) and decreased amount of product of 
lipid peroxidation in the selected tissues of the alloxan-induced diabetic rats. These effects were similar to that of 
glibenclamide. However, it is worthy of note that the effect of the extracts on the SOD activity of the tissues were 
observed to be better than that of glibenclamide. Evidently, treatment with P. americana extracts protects against 
the actions of free radicals by boosting the activities of GSH, CAT and SOD, as well as slowing down the destruc-
tive process of lipid peroxidation. These effects are a function of the high reducing and free radical scavenging 
potential of P. americana, as well as the presence of high amounts of relevant phytochemicals, like flavonoids.

The antidiabetic property of P. americana was tested in alloxan-induced diabetic rats. Administration of 
alloxan caused increases in plasma glucose level of the experimental rats, by destruction of the pancreatic cells 
through free radical mechanism. The comparative increased plasma glucose level in the untreated-diabetic group 
was maintained up to the fourth week of the experiment. However, treatments with the extracts of P. americana 
were shown to be effective as there were steady decreases in the plasma glucose level in all the extract-treated 
diabetic groups, from week 1 to week 4. The reductions in plasma glucose occasioned by the actions of the 
extracts are similar to that by glibenclamide. The antidiabetic property of P. americana can be attributed, partly, 
to its ability to inhibit the actions of alpha-glycosidase and alpha-amylase as described above and as previously 
reported41,46–48.

Conclusion
Our study shows that P. americana possess high amount of biologically useful phytochemicals. In vitro 
antioxidant analysis indicates its high ferric reducing and free radical scavenging abilities, as well as its ability to 
effectively inhibit the activities of alpha-glycosidase and alpha-amylase. Acute toxicity test indicates the relative 
safety of P. americana. The bark, leaf and root extracts of P. americana exhibit hepatoprotective, antioxidant and 
antidiabetic properties. Thus, the use of P. americana can serve as basis for the development of good alternatives 
to available synthetic drugs for glycaemic management. However, the limitation of this study is that its findings 
are still not sufficient enough for clinical applications of the plant.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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