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Abstract
The Extract of  Aloe Vera Peel (EAVP) contains bioactive compounds (flavonoids, 
alkaloids, tannins, saponins, and phenolics) that it thought to improve pancreas 
histopatology on rat with diabetes mellitus, therefore it has potential for diabetes 
mellitus treatment. This research aimed to figure out the effect of  EAVP on im-
proving the histopathology of  rat pancreas induced by alloxan. This research was 
an experimental study using a completely randomized design with a randomized 
post-test design. A total of  25 rats were divided into 5 groups: C(-) was a normal 
group, fed and drinking standard; C(+) was positive control group, induced by al-
loxan 120 mg/kgBW; PI, PII and PIII were groups that were induced by alloxan 
120 mg/kgBW and were given a full-dose of  EAVP of  87.5, 175 and 350 mg/kgBW 
respectively. The data was assessed using the Kruskal-Wallis and Mann-Whitney 
statistical analysis. The results of  the statistical test showed that the histopathol-
ogy of  rat pancreas of  the C(+) group were significantly different compared with 
the treatment group. Meanwhile, the representation of  histopathology of  pancreas 
between PIII and C(-) were not significantly different. It can be concluded that treat-
ing hyperglycemia rats with the EAVP for 28 days can improve the representation 
of  histopathology of  rat pancreas. At the laboratory level, EAVP has been shown 
to repair rat pancreatic damage. With this result, Aloe vera has the potential to be 
developed as a phytopharmaca for the prevention or treatment of  diabetes mellitus.
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and in good condition were randomly divided 
into 5 groups. Each group consisted of  5 rats. 
Group C(-) is a negative control group (not indu-
ced by alloxan and not administered by EAVP). 
The C(+) group was the positive control group 
that was induced by alloxan 120 mg/kg without 
EAVP. PI group consisted of  alloxan-induced rats 
(120 mg/kgBW) and administered by EAVP with 
the dose of  87.5 mg/kgBW. PII group consisted 
of  alloxan-induced rats (120 mg/kgBW) and ad-
ministered by EAVP with the dose of  175 mg/
kgBW. PIII group consisted of  alloxan-induced 
rats (120 mg/kgBW) and administered by EAVP 
with the dose of  350 mg/kgBW.

Alloxan induction (120 mg/kgBW) was 
done via IntraPeritoneal (IP) (Abbasi et al., 2014) 
to trigger hyperglycemia. After 4-7 days of  allo-
xan induction treatment, blood glucose levels 
were measured. The indicator of  hyperglycemic 
occurs if  the blood glucose level are ≥126 mg/dl 
(Rahmawati, 2014).

EAVP was made by maceration method 
with 70% ethanol. The antioxidant activity of  
EAVP was measured using the DPPH method. 
The extract was administered orally once a day 
for 28 days at a dose of  87.5 mg/kgBW for the PI 
group, 175 mg/kgBW for PII and 350 mg/kgBW 
for PIII. 

Examination of a pancreas histopathology
Treated rats were dissected and the panc-

reas tissue was examined for its histology using 
Hematoxylin-Eosin staining method. Pancreatic 
histopathology preparations were observed under 
a microscope with 400x magnification and recor-
ded microscopic changes were found in 5 visu-
al fields. Pancreas histopathology preparations 
were observed and scoring based on the following 
categories: score 0 if  there is no pancreatic cell 
necrosis, score 1 if   ¼ of  total pancreatic cell un-
dergo necrosis, score 2 if  ½ of  total pancreatic 
cells undergo necrosis, score 3 if  ¾ of  total pan-
creatic cells undergo necrosis and score 4 if  all 
cells in preparations undergo necrosis (Dharma 
et al., 2015).

Histopathological observation data were 
collected and analyzed using the Kolmogorov-
Smirnov test to find out whether the data ob-
tained were normally distributed or not, the data 
was normally distributed as if  P> 0.05. Whereas 
if  the data was distributed abnormally and was 
not homogeneous, the analysis was continued by 
using non-parametric statistical methods (Krus-
kal-Wallis Test and Mann-Whitney Test). Howe-
ver, if  the data was normally distributed and ho-
mogeneous, the analysis was continued by using 

INTRODUCTION

Diabetes mellitus is a chronic metabolic 
disorder due to inability of  pancreas to produce 
insulin adequately. Therefore, produced insulin 
can not be used effectively by the body, with the 
result that glucose concentration in the blood will 
be increasing (hyperglycemia). Insulin is hormo-
ne that is responsible to regulate the balance of  
blood sugar levels. Type 2 diabetes mellitus pa-
tients produce insulin in normal amounts, but 
it does not work properly either the insulin re-
sistance occurs caused by structural changes or 
reduction of  insulin receptors on the cell mem-
brane (Stumvoll et al., 2005). Jung et al. (2006) 
reported that insulin resistance contributes in 
increasing glucose release in the liver and decrea-
sing glucose uptake into adipose tissue. It causes 
hyperglycemia and failure of  glycogen formation. 
Gradually, it causes high blood sugar levels (Wi-
dowati, 2008).

Herbal medicine may be achievable alter-
native to control blood glucose levels. Recently, 
herbal medicine is preferred by the public since it 
contains natural compounds and few side effects 
compared to synthetic medicine. Nevertheles, 
WHO recommends herbal medicines utilization 
for cancer prevention, as well as for chronic and 
degenerative diseases (Sari, 2006).

Aloe vera is one of  the plants that has po-
tential as an antidiabetic drug (Grover, 2002). 
Another study revealed that ethanolic and water 
extract of  Aloe vera had hypoglycemic effect on 
diabetic experimental mice (Erdiansyah et al., 
2015). Phytochemical screening analysis disco-
vered that ethanolic extract of  Aloe vera contains 
secondary metabolites such as flavonoids, alka-
loids, tannins, saponins, and sterols (Gibson et 
al., 2014). Furthermore, flavonoids, terpenoids, 
and saponins were also reported found in the ex-
tract (Aria et al., 2014).

To address the issues above, the present 
study was carried out to investigate the use of  the 
extract of  aloe vera peel (EAVP) to improve the 
histopathological condition of  rat pancreas indu-
ced by alloxan. This research was developed to 
obtain scientific evidence related to the role of  
Aloe vera as phytopharmaca in Indonesia, especi-
ally for diabetes mellitus.

METHOD 

This study was conducted experimental-
ly using a Post Test Control Group Design. A 
total of  25 white rats (Rattus norvegicus) Wistar, 
male, aged 2-3 months, weighing 150-200 grams 
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analysis of  variance method (ANOVA) followed 
by Tukey HSD analysis (Akrom et al., 2014). The 
result was defined significant as if  P <0.05 (Dah-
lan, 2014).

RESULT AND DISCUSSION 

The results showed that EAVP had an an-
tioxidant activity of  152.87 ppm. DPPH method 
is widely used to measure the ability of  a com-
pound in inhibiting free radicals or as a hydrogen 
donor (Pratama et al., 2013). The working prin-
ciple of  the DPPH test is a bioactive compound 
as an antioxidant which reduces DPPH free radi-
cals (2,2-diphenyl-1-picrylhydrazyl) to diphenyl 
picryl hydrazine (Purwaningsih, 2012). 

Histopatological result indicated that the 
C(-) group had the lowest mean of  pancreatic his-
topathology score (0).  The C(+) group had the 
highest mean of  pancreatic histopathology score 
(3.6) (Table 1). 

Based on the score analysis of  pancreas his-
topatology, it was known that the PI, PII and PIII 
group has mean score of  2.4, 1.6, and 0.9 respec-
tively (Table 1). While, PIII group is almost simi-
lar to C(-) group (normal). Histopatology analy-
sis of  C(-) group or negative control showed the 
morphology and structure of  normal langerhans 
island, the cells were distributed homogeneously 
in the cover, no damage to the cell or the structure 
of  the Langerhans island, they also had normal 
structure and size (Figure 1) that indicated that 
necrosis were not occurred in langerhans island.

Figure 2 represents the histology of  Lang-
erhans island cell in C(+) group. Figure 2 shows 
the high degree of  damage from the island of  
Langerhans, characterized by nucleus fragmenta-
tion (a), cell hypertrophy (b), pyknosis (nucleus 
shrinkage) (d), and cytoplasmic vacuoles (e) on 
the langerhans islet. The number of  pancreatic β 
cell clusters was reduce in middle part of  Langer-

hans island along with the increase in connective 
tissue (Figure 2c). In consequence, the structure 
and Langerhans island cell morphology are ir-
regular and the cells were not distributed homo-
geneously. Atrophy occurred in the langerhan of  
C+ rat group, so that its size is smaller than lang-
erhans of  the C-group rat. .

Figure 1. Histological structure of  C(-) rat pan-
creas with a magnification of  10×40. a. Pancre-
atic acini serous, b. Pancreatic beta cells, c. Inter-
cellular cavity. 

Data indicate that cytoplasm vacuolati-
on caused by apoptosis initial stages due to inc-
reased production of  stress oxidations as a result 
of  endoplasmic reticulum activity in β cells as a 
sign of  insulin resistance. Increasing amount of  
connective tissue is thought to be caused by acti-
vation of  mitogenous IL-1β in fibroblast activity. 
This condition is in line with the high levels of  in-
flammatory cytokines produced when lipids are 
highly deposited in the body (Tedgui & Mallat, 
2006). The results of  the research by Boudreau 
et al. (2006) showed that during diabetes, beta 
cell nucleus undergo karyolysis, the cytoplasmic 
component is disintegrating, cell boundaries are 
unclear, and there are periods of  debris contai-
ning core fragments and necrosis.

Table 1. The mean score of  the histopathology of  rat pancreas induced by alloxan and administered 
by extract of  Aloe vera peel       

Group (s)
Rat

Average
1 2 3 4 5

C(-)     Control negative 0 0 0 0 0 0

C(+)    Control positive 3.4 3.8 3.8 3.6 3.6 3.6

PI    Dosage 87,5 mg/kgBW/day  2.4 2.4 2.6 2.6 2.2 2.4

PII   Dosage 175  mg/kgBW/day 1.8 0.8 2.6 1.8 1.2 1.6

PIII  Dosage 350  mg/kgBW/day 1.0 1.0 0.4 1.2 0.4 0.9
Note: Score of  0 if  there are no pancreatic cell necrosis, score 1 if  ¼ of  total pancreatic cells undergo 
necrosis, score 2 if  ½ of  total pancreatic cells undergo necrosis, score 3 if  ¾ of  total pancreatic cells 
undergo necrosis and score 4 if  all pancreatic cells undergo necrosis (Dharma et al., 2015)
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Figure 2. Histological structure of  C(+) rat pan-
creas with a magnification of  10×40. a. β cell 
necrosis, β cell nucleus undergoes karyorrhexis 
(nucleus fragmentation), b. β cells undergo hyper-
trophy, c. Reduced β cell clusters and increased 
connective tissue, d. β cell necrosis, β cell nucleus 
undergoes pyknosis (nucleus shrinkage), e. Cell 
degeneration in the form of  cytoplasmic vacuole.   

The mean score of  the histopathology of  
rat pancreas induced by alloxan and administered 
by extract of  Aloe vera peel with a dose of  87.5 
mg / kgBW (PI group) was lower than the C(+) 
group. Figure 3 represents histology data in P1 
group that show a few tissue damage. EAVP tre-
atment in the P I group with a dose of  87.5 mg/
kgBW was able to repair the damage of  rat pan-
creas tissue. Damage levels appear to be reduced 
compared to the group C(+). It is indicated by 
the absence of  a vacuole in the cytoplasm and the 
distribution of  cells that are more homogeneous 
compared to the group C(+). Although the struc-
ture and shape of  the Langerhans island of  the PI 
rat group is irregular, but not as much as in the 
C (+) group. The use of  EAVP can improve the 
conditions of  Langerhans Island but it still can-
not reach normal conditions.

Figure 3. Histological structure of  rat pancreas 
in group PI with a magnification of  10×40. a. β 
cells undergo hypertrophy, b. Reduced β cell clus-
ters and increased connective tissue, c. Nucleus 
of  necrotic β cell undergoes pyknosis (nucleus 
shrinkage). d. Nucleus of  necrotic β cell under-

goes karyorrhexis (nucleus fragmentation).  

Figure 4 represents the histology of  panc-
reas tissue in P II group. Histopathological pic-
ture of  the pancreas, the intercellular cavity in 
the Langerhans island begins to improve, the cell 
distribution are more homogeneous compared to 
the group (C+). However, the condition of  the 
Langerhans island is still not considered normal. 
Improvement of  Langerhans island in group P II 
is followed by cell regeneration which is charac-
terized by the presence of  cells that colonized and 
the distribution of  cells are more homogeneous.    

Figure 4. Histological structure of  rat from PII 
with a magnification of  10×40. a. β cell necro-
sis, β cell nucleus undergoes karyorhexis (nucleus 
fragmentation), b. Reduced β cell clusters and in-
creased connective tissue, c. β cell necrosis, β cell 
nucleus undergoes pyknosis (nucleus shrinkage), 
d. β cells undergo hypertrophy. 

Group PIII have the best picture of  histo-
pathological observation compared to the other 
treatment groups. In this group, the pancreatic 
histopathology is close to normal with the Lan-
gerhans that are microscopically improving as 
can be seen in Figure 5.

Pancreatic histopathology with the treat-
ment of  EAVP of  350 mg/kgBW shows that the 
condition of  the Langerhans is close to normal. 
Necrotic cells in the β cell nucleus were found to 
undergo karyorrhexis (core fragmentation) (a). 
However, it less than other treatment groups. Cell 
degeneration did not occur in this group, while 
endocrine cells were distributed homogeneously 
across the entire Langerhans island. Furthermo-
re, the amount of  connective tissue decreased, 
while the structure of  Langerhans seen appro-
aching the normal group, that indicated cell re-
generation in the Langerhans. The reduction of  
necrotic cells was in line with cell regeneration, 
where the pancreatic cells of  this treatment group 
showed an increase in the number of  pancreatic β 
cells marked by the presence of  colonized β cells. 
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This is thought to be influenced by the increasing 
number of  bioactive compounds as the dosage in-
creased (Prameswari & Widjanarko, 2014). The 
increase in dosage gives results in an increase in 
the number of  bioactive compounds contained in 
the extract

Figure 5. Histological structure of  rat pancreas 
in group PIII with a magnification of  10×40. a. 
β cell necrosis, β cell nucleus undergoes karyor-
rhexis (nucleus fragmentation), b. Normal pan-
creatic β cells, c. Intercellular cavity.    

Based on the results of  the Kruskal Wallis 
calculation, the value of  Xcount = 21.612 with 
sig 0.000<0.05. In other words, it can be conclu-
ded that there is a difference in damage to histo-
pathological images of  rat pancreas induced by 
alloxan between all groups C(-), C(+), PI, PII and 
PIII.

Further tests were carried out to find out 
which groups had different pancreatic histopat-
hology. Based on Table 2, there were differences 
in the histopathological picture of  rat pancreas 
induced by alloxan with the administration of  

EAVP.   
Alloxan treatment had an effect on the 

degradation of  β cells on the Langerhans island, 
the organ that responsible to synthesis the insu-
lin in the body (Akrom et al., 2014). Pancreatic β 
cells are damaged by induction of  alloxan which 
works specifically. The mechanism of  alloxan 
occurs by the formation of  reactive oxygen com-
pounds that form superoxide radicals through the 
redox cycle. Through the redox cycle, very reac-
tive hydroxyl will form which can cause damage 
to pancreatic β cells rapidly (Dipa et al., 2015). 
In addition, alloxan interferes with the process of  
cell oxidation due to the release of  calcium ions 
from the mitochondria resulting in homeostatic 
disorders that cause the death of  cells of  the pan-
creas (Nugroho, 2006).

EAVP treatment in rat induced by alloxan 
can improve pancreatic histopathology due to 
the presence of  bioactive compounds contained 
in EAVP. Bioactive compound can prevent oxi-
dation of  pancreatic β cells. Consequently, da-
mage can be minimized. Bioactive compounds 
of  EAVP has mentioned before in recent study 
by Gibson et al. (2014) that stated that ethanolic 
extract of  Aloe vera contains secondary metaboli-
tes including flavonoids, alkaloids, tannins, sapo-
nins, and sterols. Scalbert et al. (2005) stated that 
compounds belonging to the polyphenol group 
has antioxidants activities and biological func-
tions for improving glucose metabolism.

Flavonoids have antidiabetic activities that 
are capable of  regenerating cells on the Langer-
hans Island. Flavonoid compounds can over-
come insulin deficiency, therefore, the presence 
of  flavonoids has a beneficial effect on the sta-
te of  diabetes mellitus caused by the absence of  

Table 2. The Result of  Futher Test with Mann-Whitney  

Test Mann-Whitney U Wilcoxon W Z
Asymp. Sig. 

(2-tailed)
Criteria

C(-) - C(+) 0 15 -2.795 0.005 Significant

C(-) - PI 0 15 -2.825 0.005 Significant

C(-) - PII 0 15 -2.795 0.005 Significant

C(-) - PIII 0 15 -2.795 0.005 Significant

C(+) -  PI   0 15 -2.652 0.008 Significant

C(+)  - PII 0 15 -2.627 0.009 Significant

C(+)  - PIII 0 15 -2.627 0.009 Significant

PI  - PII 6 21 -1.392 0.164 Not Significant

PI  - PIII 0 15 -2.652 0.008 Significant

PII - PIII 4.5 19.5 -1.687 0.092 Not Significant
Description: C(-): negative control group, C(+): Positive control group, P I: Treatment group 1, P II: 
Treatment group 2, P III: Treatment group 3. α < 0.05.
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insulin and damage to insulin receptors (Dipa et 
al., 2015). Alkaloids had been shown to have the 
ability to regenerate damaged pancreatic β cells 
(Arjadi & Susatyo, 2010). Antioxidant activity is 
able to capture free radicals resulted in the impro-
vements of  pancreatic β cell damage that causes 
DM 1 (Suryani et al., 2013).

The present study shows that EAVP with 
doses of  87.5 and 175 mg/kgBW, is able to 
improve the histopathology of  the pancreas in 
alloxan induced rat compared with the positive 
control group. The effect of  pancreatic tissue re-
pair in diabetic rats (alloxan-induced) was more 
significantly seen in the administration of  EAVP 
at a dose of  350 mg/kgBW. Whereas, 350 mg/
kgBW of  EAVP treatment (PIII group) had a 
lower mean of  pancreatic histopathology score 
compared with treatment group I and II, and not 
significantly different from the negative control 
group. This means that the treatment of  EAVP 
at a dose of  350 mg/kgBW is the most effective 
for improving the histopathology of  the pancreas 
compared to other groups.

The experimental data indicate that EAVP 
in diabetic model rats can improve histopatholo-
gical of  pancreatic Langerhans island cells. This 
is presumably due to the presence of  bioactive 
compounds namely flavonoids and polyphenols 
in EAVP. The activity of  flavonoids and polyphe-
nols acts as antioxidants (Jian et al., 2002). The 
antioxidant activity possessed by Aloe vera leaf  
extract had moderate antioxidant activity with 
an IC50 value of  152.87 ppm, that assumed to 
repair pancreatic beta cells damaged. Coskum et 
al. (2004) stated that the addition of  antioxidants 
compound can reduce free radicals and protect 
the pancreatic islet from the effects of  diabetoge-
nic agents. 

Aloe vera as one of  the ingredients of  tradi-
tional medicine, needs to be researched, develo-
ped and optimized for its use. At the laboratory 
level, Aloe vera peel extract has been shown to 
repair rat pancreatic damage. With this result, 
Aloe vera has the potential to be developed as a 
phytopharmaca for the prevention or treatment 
of  diabetes mellitus disease.

CONCLUSION

In conclusion, our present study indicates 
that Aloe vera peel extract can improve the pancre-
atic histopathology for 28 days experiment treat-
ment. While a dose of  350 mg/kgBW shows no 
significantly different condition compared to the 
normal group in pancreatic histopathology.
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