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ABSTRACT

Aim: The aim of this study is to determine the effect of aqueous extract of Psidium
guajava leaf on blood glucose level and liver enzymes of alloxan —induced diabetic rat.
Study Design: The animals were grouped into six of 6 rats each. Groups A, B, C and E
were induced diabetes by intraperitoneal injection of alloxan monohydrate with a dose of
100mg/kg body weight. The extract was administered through gastric tube per kilogram
body weight as follows: group A 200mg/kg, group B 150mg/kg, group C100mg/kg, group
D none (normal control), group E none (untreated diabetic control) and group F150mg/kg
(extract control).

Methodology: Blood samples were collected by cardiac puncture after fasting overnight
and standard methods were used for the extraction of spices, determination of fasting
blood glucose and liver enzymes.

Place and Duration of Study: The study was carried out at Abia State University Uturu-
Nigeria and the entire experiments lasted between December 2011 and July 2012.
Result: The results showed a significant (P<0.05) decrease in the blood glucose level
compared to untreated diabetic control. There was no significant (P<0.05) difference
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observed in alkaline phosphatase (ALP) and aspartate aminotransferase (AST) activity
compared to all the controls (normal, untreated and extract control) while alanine
aminotransferase (ALT) activity decreased significantly (P<0.05) compared to untreated
diabetic control.

Conclusion: Therefore, this result revealed that aqueous extract of Psidium guajava leaf
possess anti-hyperglycemic properties with no side effect on selected liver enzymes
compared to normal control and since the leaf did not show interference with functional
integrity of the liver tissues it has a better potential for treatment of diabetes.

Keywords: Psidium guajava; alkaline phosphatase; alanine aminotransferase; aspartate
aminotransferase; blood glucose.

1. INTRODUCTION

Diabetes mellitus, a syndrome of disordered metabolism is usually caused by a combination
of hereditary and environmental effects, resulting in abnormally high blood sugar levels
(hyperglycemia) [1]. In diabetes mellitus, the blood glucose level becomes high due to
defects in either insulin secretion or insulin action in the body or both [2]. It has been
estimated that World-wide prevalence of diabetes mellitus in 2008 was more than 347 million
with varying prevalence among different ethnic groups [3,4] and it is expected that in 2025
the number will rise to 500 million [5]. Cases of type 2 diabetes mellitus have been
increasing in contrast of type 1 diabetes mellitus; cure and prevention of type 2 diabetes
mellitus have become important concern in developed countries and in the same way, due to
urbanization and life style changes toward “Western style” diet, cure and prevention of type 2
diabetes mellitus supposed to become a more serious problem in developing countries [6].
Diabetes mellitus is a chronic disease that can be managed effectively through modified life
styles such as monitoring ones weight, diet, exercise to long term use of oral hypoglycemia
drugs [7]. Treatment can also be achieved by the use of synthetic drugs such as
sulphonylureas [8].

Herbs and vegetables have contributed significantly in providing remedies for improvement
of human health in terms of prevention and/or treatment of diseases. Thousands of plant
species grow wild in Africa and have both nutritional and therapeutic purposes hence,
traditional doctors and leaders are the dispensers of such concoctions [9]. Guava (Psidium
guajava) is a common shade tree or shrub in dooryard gardens in the tropics which are
classified in to Myrtaceae family. The tree is easily identified by its distinctive thin, smooth,
copper-coloured bark that flakes off, showing a greenish layer beneath [8]. There are so
many reports on the phytochemical analyses of guava leaf which revealed the presence of
more than 20 isolated compounds such as alkaloids, anthocyanins, carotenoids, essential
oils, fatty acids, lecitins, phenols, saponins, tannins, triterpenes and vitamin C [10,11,12].
The decoctions made from the leaf and /or bark of P. guajava have been reported to be used
by many countries and tribes traditionally for treatment of diarrhea, dysentery, sore throat,
vomiting, stomach upsets, vertigo, hemorrhages, intestinal worms, gastroenteritis, diabetes,
vaginal discharge, to regulate menstrual cycle and to tighten or tone vaginal walls after child
birth [13,14,15,16,17].

In recent times reports from medicinal plants research indicate that extracts from some
plants are hepatotoxic or hepatoprotective. However, liver function tests are commonly used
in clinical practice to screen for liver diseases, monitor the progression of known disease,
and monitor the effects of potentially hepatotoxic drugs. Individuals with type 2 diabetes
have high incidence of liver abnormalities than individuals who do not have diabetes and
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anti-diabetic agents have generally been shown to decrease alanine aminotransferases
levels as tighter blood glucose level is achieved [18].

There are reports on anti-hyperglycemic effects of P. guajava leaf extracts [5,6,17] but,
scanty reports are available on the effect on liver enzymes on using aqueous extract of P.
guajava leaf in treatment of alloxan-induced diabetic rats. Therefore, this study was carried
out to determine the effect of treatment of alloxan induced diabetic rats with aqueous extract
of P. guajava leaf on blood glucose level and liver enzymes.

2. MATERIALS AND METHODS
2.1 Collection and Preparation of Plant Materials

The fresh leaves of P. guajava were collected from Umuinem Village, Okigwe in Okigwe
Local Government Area, Imo State-Nigeria in January, 2012. The Botanical identification of
the plant specimen was carried out at the department of Plant Science and Biotechnology
(PSB), Faculty of Biological and Physical Sciences, Abia State University Uturu. Samples of
the specimen were deposited in the Herbarium of the same University. The fresh leaves of
P. guajava collected were sorted and all dead matter and unwanted particles were
discarded. The leaf were air dried for two weeks and grounded into powder using electric
blender and the powder was stored in an air tight container in the laboratory. A total of 2009
of the ground powder was weighed out and soaked in 1000mis of distilled water for two days
at room temperature. The mixture was filtered using (NO. 1) Watman filter paper. The filtrate
was dried at a temperature of 30°C in an incubator to produce gel-like extract that weighed
20g. The extract was then diluted with distilled water into 200mg/kg, 150mg/kg and
100mg/kg body weight.

2.2 Animal Treatments

A total of 36 male albino rats weighing between 120 -135g were purchased from the animal
house of Department of Biochemistry, Abia State University Uturu-Nigeria. The rats were
randomly divided into 6 groups of 6 rats in each group. Groups A, B and C were the test
group, group D was the normal control, Group E the untreated control and group F extract
control. The rats were acclimatized for 10 days before the commencement of the
experiment. The animals in both test and control group were allowed free access to food (rat
pellets) and water ad libitium, throughout the experimental period. Good hygiene was
maintained by constant cleaning and removal of faeces and spilled feed from cages daily.
The weights of the rats were taken every day throughout the period of the experiment.

The blood glucose of the rats was determined before induction of diabetes. Groups A, B, C
and E were induced by a single intraperitoneal injection of freshly dissolved alloxan
monohydrate (100mg/kg) using normal saline maintained at 37 C as vehicle to rats fasted for
15hrs. Diabetic states were confirmed by measuring the fasting glucose concentration after
5days of injection and were compared with the initial blood glucose level. Rats with blood
glucose level of 13mmol/l and above were used for the study. The groups D and F were
given the same quantity of normal saline. The animals were administered aqueous extracts
of P. guajava leaf through gastric tube for four weeks according to their body weight as
follows.

i. Group A were treated with 200mg/kg body weight of the extract after the injection of
alloxan.

i. Group B were treated with 150mg/kg body weight of the extract after the injection of
alloxan.
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iii. Group C were treated with 100mg/kg body weight of the extract after the injection of

iv. ??Jlr(())):f;)n.D were treated with distilled water in place of extract after no injection of

V. ??Jlr(())ﬁ)n.E were treated with distilled water in place of extract after the injection of

vi. ?_?A::r?)ﬁ%ni: were treated with 150mg/kg body weight of the extract after no injection of
alloxan.

All the animal processes involved in the handling and the experiment were carried out in
accordance with the guidelines of Animal Ethical Committee of Faculty of Biological and
Physical Sciences, Abia State University Uturu-Nigeria.

2.3 Collection and Analysis of Blood Specimen

The animals were fasted overnight, anaesthetized with chloroform vapour and dissected for
blood collection. Blood samples were collected by cardiac puncture into plain and fluoride-
oxalate treated sample bottles. The blood samples were allowed to clot and were spun in
bench centrifuge (MSE England) at 3000rpm for 5min to obtain sera. The serum samples
were separated into another set of plain sample tubes and stored in the refrigerator at -4°C
until required for the enzyme analysis. The blood glucose levels were determined by the
glucose oxidase enzymatic method [19]. Colorimetric end point method was used to
determine serum alkaline phosphatase (ALP) [20]. Serum aspartate aminotransferase (AST)
and serum alanine aminotransferase (ALT) activities were determined using Reitman and
Frankel [21] method. All assays were carried out within 24hrs of the sample collection.

2.4 Statistical Analysis

All data were analyzed using Analysis of Variance (ANOVA) and means were compared for
significance using Duncan’s Multiple Range Test (DMRT) at P<0.05.

3. RESULTS

The average weights of alloxan-induced diabetic rats treated with aqueous extract of P.
guajava leaf are as shown in Table 1. A significant (P<0.05) decrease in average weight of
the rats in test groups A, B, C and untreated diabetic control (group E) were observed after
5days post alloxan-induction. After 28 days of post treatment the average weight of the
animals in groups A, B, C, D and F increased significantly (P<0.05) compared to group E
(untreated diabetic control).

The effect of aqueous extract of P. guajava leaf on the blood glucose level of alloxan-
induced diabetic rats (Table 2) show that at 5 days post-induction of alloxan, the blood
glucose level of groups A, B, C and E increased significantly (P<0.05) in relation to groups D
and F which were not induced with alloxan monohydrate. The blood glucose levels of the
test groups decreased significantly (P<0.05) compared to untreated diabetic control (group
E) after 28 days of the extract administration

Table 3 shows the liver enzyme activities of alloxan- induced diabetic rats treated with
aqueous extract of P. guajava leaf. It was observed that after induction and administration of
the aqueous extract, there was no significant change in ALP, AST and ALT activities of the
test groups compared to both extract control (group F) and normal control (group D).
However a significant (P<0.05) decrease was observed when the test groups were
compared to the untreated diabetic control (group E).
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Table 1. Average weights of alloxan- induced diabetic rats treated with aqueous extract of P. guajava leaf measured in gram

Duration Group A Group B Group C Group D Group E Group F

Pre-induction 130.72+22.317 135.65+28.42%° 140.00+26.81° 132.90+27.12® 130.92+25.32° 138.20+26.32°
5days Post-induction 121.20+21.48% 128.45+26.32% 132.05+26.21° 143.62+30.66% 122.50+21.53% 145.42+25.08°
Post-treatment 208.51+30.02° 210.60+28.38° 205.30+28.05° 222.32+32.86° 96.82+16.41% 215.74+28.52°

Values are mean + standard deviation of six determinations. Values in rows with different superscript alphabets are significant (P<0.05)

Table 2. Effect of aqueous extract of P. guajava leaf on the blood glucose level of alloxan-induced diabetic rats
measured in mmol/I

Duration Group A Group B Group C Group D Group E Group F

Pre-induction 8.89+0.10° 9.03+0.11° 9.21+0.17° 9.14+0.07° 9.28+0.12° 9.30+0.08°
5days Post-induction 13.8840.09°  13.72+0.16°  14.40+0.09° 9.10£0.14°  14.12+0.10°  9.04+0.09
Post-treatment 8.68+0.14° 8.45+0.13° 8.67+0.12° 9.31+0.17° 15.23+0.14°  8.82+0.17°

Values are mean + standard deviation of six determinations. Values in rows with different superscript alphabets are significant (P<0.05)

Table 3. Liver enzyme activities of alloxan-induced diabetic rats treated with aqueous extract of P. guajava leaf (U/L)

Liver enzymes Group A Group B Group C Group D Group E Group F

ALP 40.33+1.76" 38.62+1.50°% 39.71+1.50°  40.23+1.51%  43.87+1.35% 38.90+1.20°
AST 42.87+1.70° 43.70+1.78*  41.68+1.53° 44.96+2.97° 46.20+2.35%  42.08+1.25°
ALT 24.84+2.24° 26.85+2.14% 24.01+2.80° 25.73+1.86° 32.80+2.40° 25.36+2.64 °

Values are mean + standard deviation of six determinations. Values in rows with different superscript alphabets are significant (P<0.05)
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4. DISCUSSION

Varieties of plants are known to be of economic and medicinal value and those plants that
are of medicinal value are often used as herbal remedy for the restoration and maintenance
of good health. Medicinal plants usually have phytochemicals as part of its constituents. The
phytochemicals include alkaloids, anthocyanins, carotenoids, essential oils, fatty acids,
lecithins, phenols, saponins, tannins, triterpenes and vitamin C [10,12]. It has been reported
that the presence of phenolic compounds, gallic acid, catechins and quercetin in P. guajava
leaf significantly inhibited the glycation of proteins such as albumin, suggesting their use for
prevention of diabetes complication [22]. The presence of high amount of phenolic
compounds with antioxidant activity in the leaf of P. guajava leaf was also reported by Haida
et al. [23]. Deguchi and Miyazaki [6] reported that the consecutive injection of aqueous
extract of P. guajava leaf have the potential to improve diabetes symptoms such as
hyperglycaemia, nephropathy and insulin resistances in diabetic animal models and/or
clinical trials

The result showed a significant (P<0.05) decrease in body weight of group E compared to
other groups. However, it has been shown that weight loss is one of the symptoms of
diabetes mellitus [7] and group E was not treated with P. guajava leaf which therefore led to
the increase in severity of the disease and then the significant weight loss. The observed
decrease in blood glucose level of the alloxan- induced diabetic rats after treatment with
aqueous extracts of P. guajava may be attributed to the presence of tannins, flavonoids,
triterpenoids, alkaloids, and other chemical compounds in the plant. These compounds
which have been shown present in P. guajava leaf [24] have been reported to be responsible
for hypoglycaemic activity in Mormordica charantia [25] and Mormordica foedium [26]. The
lowering of glucose levels by aqueous extract of P. guajava may also be due to the high
content of quercetin in P. guajava leaf extract thereby confirming its usefulness for diabetic
patients [5] as was suggested by Cheng et al. [27] that quercetin in aqueous extract of P.
guajava leaf promotes glucose uptake in liver cells, and contributes to the alleviation of
hyperglycemia in diabetes. The marked decrease in blood glucose level of the alloxan-
induced diabetic rats by P. guajava appear to suggest that its main mechanism of action
may not be due to potentiation of insulin release from pancreatic cells since alloxan induce
diabetes by destroying B-cells and impairing renal function. Hence, the extract may have
effect in the control of non-insulin dependent diabetes mellitus. The observed hypoglycaemic
effect of aqueous extract of P. guajava on normoglycaemic rats (group F) is a pointer that
the effect could possibly be due to increase peripheral glucose utilization and inhibition of the
proximal tubular reabsorption mechanism for glucose in the kidney [28].

Liver function tests are commonly used to screen for liver diseases, monitor the progression
of known disease and monitor the effects of potentially hepatotoxic drugs [18]. Liver function
test is also used to find out if a medicinal plant is hepatotoxic or hepatoprotective. The
present study showed that there were no significant (P<0.05) change on alkaline
phosphatase (ALP), aspartate aminotransferase (AST) activity in test groups compared to
control but, significant (P<0.05) decrease was observed in alanine aminotransferase (ALT)
activity in test group compared to untreated diabetic control after the administration of
aqueous extract of P. guajava leaf on alloxan —induced diabetic rats. This may be as a result
of flavonoids present in the extract. Flavonoids are indicated in the protection against
allergies, inflammation, free radicals, platelet aggregation, microbes, ulcer, hepatotoxins,
virus and tumors [29,30,31].
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It was also suggested that the hepatoprotective effect of P. guajava extracts may be due to
the action of various contents of the extracts especially the flavonoids which have been
found to have anti-oxidative effects [32]. The observed decrease in ALT activity may be
attributed to ant-diabetic constituents of the extract which generally decrease ALT levels as
tighter blood glucose level are achieved [18]. Since the aqueous extract of P. guajava leaf
did not show any interference with the functional integrity of the liver tissues, it is suggested
that the aqueous extract be used as liver tonic.

5. CONCLUSION

This study indicated that the aqueous extract of P. guajava possess hypoglyccaemic
properties with no side effect on the selected liver enzyme activities hence, lend
pharmacological credence to the suggested folkloric, ethnomedical uses of the plant in the
management of adult-onset, type 2 diabetes mellitus in some rural African communities.

CONSENT
Not applicable.

ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No.
85-23, revised 1985) were followed. All experiments have been examined and approved by
Animal Ethical Committee of Faculty of Biological and Physical Sciences, Abia State
University Uturu-Nigeria.

ACKNOWLEDGMENTS

The authors wish to appreciate the efforts of Mr. U. Arukwe during some of the laboratory
work.

COMPETING INTERESTS
Authors have declared that no competing interest exists.

REFERENCES

1. Tierney LM, Mcthee SJ, Papdakis MA. Current tier medical diagnosis and treatment.
International Ed. New York Lange, Medical Books/Mc Graw-Hill; 2002.

2. Rother KL. Diabetes treatment, Bidging the divide. N Engl Med.
2007;356(15):1499-1501.

3. Danaei, G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Raciorek CJ, et al. National,
regional and global trends in fasting plasma glucose and diabetes prevalence since
1980: Systemic analysis of health examination surveys and epidemiological studies
with 370 counttry-years and 2.7 million participants. Lancet. 2011;378:31-40.

4, Hamden K, Keskes H, Belhaj S, Mnafgui K, Feki A, Allouch N. Inhibitory potential of
omega-3 fatty and fenugreek essential oil on key enzymes of carbohydrate-digestion
and hypertension in diabetes rat. Lipid in Health and Disease. 2011;10:226.

1085



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

British Journal of Pharmaceutical Research, 4(9): 1079-1087, 2014

Banu MS, Sujatha K, Kamala M, Kumar KV. Hypoglycaemic and hypolipidaemic
potentials of isolated fraction of Psidium guajava leaf in alloxan-induced diabetic rats.
International Journal of Pharmaceutical Innovations. 2012;2(2):16-22.

Deguchi Y, Miyazaki K. Anti-hyperglycaemic and anti-hyperlipidemic effects of guava
leaf extract. Nutrition and Metabolism. 2010;7(9):1-10.

Arthur C, Guyton MD, John E, Kidney BH. Text book of Medical Physiology. 10" Ed.
US Saunder, W.B Company; 2000.

Diribe CO, Elom SO, Edeogu CO. Basic Textbook on gene expression for students of
medicine Applied sciences.1st Ed. Nigeria Do-rich printer production; 2004.

Uboh FE, Okon IE, Ekong MB. Effect of aqueous extract of Psidium guajava leaves on
liver enzymes, histological integrity and haematological indices in rats.
Gastroenterology Research. 2010;3(1):32-38.

Begum S, Hassan SlI, Siddiqui BS, Shaheen F, Ghayur MN, Gilani AH. Triterpenoids
from the leaves of Psidium guajava, Phytochemistry. 2002;63(4):399-403.

Conde Garcia EA, Nascimento VT, Santiago Santos AB. Inotropic effects of extracts of
Psidium guajava L. leaves on the guinea pig atricum. Braz J Med Biol Res.
2003;36(5):661-668.

Sountornsuk L, Gritsana W, Nilkamhank S, Paochom A. A quantitation of vitamin
C.content in herbal juice using direct titration. J Parm Biomed Anal.
2002;28(5):849-855.

Holetz FB. Screening of some plants used in the Brazilian folk medicine for the
treatment of infectious diseases. Mem Inst Oswaldo cruz. 2002;97(7):1027-1031.
Nwogu LA, Alisi CS, Ibegbulem CO, Igwe CU. Phytochemical and antimicrobial activity
of ethanolic extract of Landophia owariensis leaf. African Journal of Biotechnology.
2007;6(7):890-893.

Lin J. Antidiarrhoea evaluation of some medicinal plants used by Zulu traditional
herbs. Journal of Ethnopharmacolgy. 2002;79(1):53-56.

Kajee LM, Thiem VD, Von Seidlein L, Genberg BL, Canh DC, Tho LH, et al
Healthcare use for diarrhea, Nha trang, viet nam. Journal of Health, Population and
Nutrition. 2004;22(2):139-149.

Mukhtar HM, Ansari SH, Bhart ZA, Naved T, Singh P. Antidiabetic activity of an
ethanol extract obtained from the stem bark of Psidium guajava (myrtaceae).
Pharmazie. 2006;61(80):725-727.

Haris EH. Elevated liver function test in Type 2 diabetes. Clinical Diabetes.
2005;23(3):115-119.

Trinder P. Determination of blood glucose using 4-aminophenazone. J Clin Pathol.
1969;22:246.

Bessey AO, Lowery OH, Brook M. One point colorimetric method of determining
alkaline phosphatase in serum or plasma. Journal of Biomedical Chemistry.
1946;164:321.

Reitman S, Frankel S. A colorimetric method for aspartate and alanine
aminotransferases in serum. J Clin Pathol. 1957;28:56-58.

Wu JW, Hsieh CL, Wang HY, Chen HY. Inhibitory effect of guava (Psidium guajava
L.) leaf extracts and its active compound on the glycation process of protein. Food
Chem. 2009;113(1):78-84.

Haida KS, Baron A, Haida KS, Faci D, Haas J, Silva FJ. Phenolic compounds and
antioxidant activity of two varieties of guava and rue. Rev Bras Cién Health.
2011;28:11-19.

Ojewole J. Anti-inflammatory and analgesic effect of Psidium guajava Linn
(myrtaceae) leaf aqueous extracts in rats and mice. Methods and Findings in
Experimental and Clinical Pharmacology. 2005;28(7):441-446.

1086



25.

26.

27.

28.

29.

30.

31.

32.

British Journal of Pharmaceutical Research, 4(9): 1079-1087, 2014

Akhtar MS, Athar MA, Tagub M. Effect of Momordica charantia on blood glucose level
of normal and alloxan-diabetic rabbits. Planta Medica. 1981;42:205-212.

Marquis VO, Adanlawo TA, Olaniti AA. The effect of foetidin from Momordica Foetida
on blood glucose level of albino rats. Planta Medica. 1997;31:367-374.

Cheng FC, Shen SC, Wu JS. Effect of guava (Psidium guajava) leaf extract on
glucose uptake in rat hepatocytes. Journal of Food Science. 2009;74(5):132-138.
Atawodi SE, Muazu A. Effect of aqueous extract of Psidium guajava on glucose levels
in normoglycaemic and alloxan-induced diabetic rats. Nigeria Journal of Biochemistry
and Molecular Biology. 2003;13(2):125-128.

Farquar JN. Plant sterols, their biological effects in human In: Handbook of lipids in
human nutrition. Nigeria BOCA Rotan, H.L. CRC Press; 1996.

Okwu DE. Phytochemical and vitamin contents of two indigenous spices of South
Eastern Nigerian. J Sustain Agric Environ. 2004;6:30-34.

Okwu DE. Phytochemicals, vitamins and mineral contents of two Nigerian medicinal
plants. International Journal of Molecular Medicine and Advance Science.
2005;1(4):374-381.

Middleton E. Biological properties of plant flavonoids an overview. International
Journal of Pharmacology. 1996;34(95):344-348.

© 2014 Ogueri et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=464&id=14&aid=4177

1087




