
Kawa F. Dizaye                                                          Antihyperglycemic effect ..  

148                                                                                                             Ann Coll Med Mosul June 2019 Vol. 41 No. 2 
 

Antihyperglycemic effect of the alkaloids extracted from 

Adiantum capillus in diabetic rats 
 

Professor Kawa F. Dizaye* ,  Roshna S. Aziz** 

*College of Medicine, Hawler Medical University, Erbil, Iraq. 

**College of Medicine, University of Sulaimani, Sulaimani, Iraq. 

Correspondence: doctorkawa@gmail.com 

 
(Ann Coll Med Mosul 2019; 41 (2):148-157). 

Received: 16
th

 Feb. 2019;  Accepted: 15
th

 May 2019.  

 

ABSTRACT 
Background: Biomedical researches have long sought to develop novel therapies that are more effective, 

less costly and possess fewer side effects, to treat chronic diseases including diabetes mellitus. Adiantum 

capillus is among the medicinal plants that have been widely used in traditional medicine and are known to 

have hypoglycemic effects. This study was designed to find the chemical constituent of Adiantum capillus 

that exerts the hypoglycemic effect. 

Materials and Methods: Fifty-four rats were split into nine groups. Twelve normal rats were included in the 

first group; six acted as negative controls and six were administered Adiantum capillus water extract. The 

second group was comprised of 42 streptozotocin-induced diabetic rats sectioned into seven subgroups of 

six rats. The first subgroup functioned as a positive control. The second subgroup was administered 100 

mg/kg/day of Adiantum capillus aqueous extract for 21 days, while the third and the fourth subgroup received 

50 mg/kg/day of metformin and acarbose respectively. The remaining three groups were administered 

alkaloids (4 mg/kg/day), flavonoids (24 mg/kg/day) and phenolic compounds (30 mg/kg/day) extracted from 

Adiantum capillus for 21 days. Fasting blood glucose levels, insulin levels, insulin resistance, serum amylase 

levels, C-peptide levels, liver function and renal function were monitored.  

Results: The use of an Adiantum capillus aqueous extract in diabetic rats for 21 days effectively controlled 

blood glucose levels, elevated amylase level and improved renal and liver function. A significant decrease in 

blood glucose, AST, ALT, ALP and blood urea levels accompanied by significant increase in the serum 

amylase of diabetic rats was produced by the alkaloids extracted from Adiantum capillus. However, 

flavonoids and phenolic compounds did not cause any significant change in blood glucose levels.  

Conclusion:It can be concluded that the alkaloids extracted from Adiantum capillus are the chemical 

constituent that contributes to the antihyperglycemic effect of the plant. 
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 (Adiantum capillus) كزبرة البئر القلوٌدات المستخلصة من  تأثٌر

 على خفض مستوى سكر الدم فً الجرذان المصابة بمرض السكري

 

 ، روشنا شوكث عسيس** *كاوه فاريك ده زييبروفيسور 

 كلية الطب، جامعة السليمانية، السليمانية، العراق الادوية، فرع ** ،، العراقربيل، اهولير الطبية طب، جامعةالكلية  الادوية، *فرع

 

 الخلاصة

فعبنُت وألم حكهفت وراث آثبس خبَبُت ألم ، نعلاج سعج الأبحبد انطبُت انحُىَت يُز فخشة طىَهت إنً حطىَش علاخبث خذَذة أكثش 

هى يٍ بٍُ انُببحبث انطبُت انخٍ حى اسخخذايهب عهً َطبق واسع فٍ  الأيشاض انًضيُت بًب فٍ رنك يشض انسكشٌ. كضبشة انبئش
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شة انبئش انزٌ َخفط انطب انخمهُذٌ نهحذ يٍ اسحفبع انسكش فٍ انذو. حى حصًُى هزِ انذساست نهعثىس عهً انًكىٌ انكًُُبئٍ نكضب

 فٍ انذو. يسخىي انسكش

خشراً صحُبً فٍ انًدًىعت الأونً حى حمسًُهب  ٢٣حى حمسُى أسبعت وخًسٍُ  خشراً يخخبشَبً إنً حسع يدًىعبث. أدسج  طريقة العمل:

هص أ.كببهىط  انًبئٍ. انً يدًىعخٍُ. انًدًىعت انفشعُت الأونً بًثببت يدًىعت انًشالبت،  وانًدًىعت انفشعُت انثبَُت حهمج يسخخ

خشراً حى حمُهب ببنسخشبخىصوحىسٍُ لإحذاد الإصببت بًشض انسكشٌ.  لسًج هزِ انًدًىعت إنً  ٥٣وحأنفج انًدًىعت انثبَُت يٍ 

سبع يدًىعبث فشعُت يكىَت يٍ سخت فئشاٌ. اسخخذيج انًدًىعت انفشعُت الأونً كًدًىعت انخذلُك الإَدببٍ. ايب انًدًىعت 

َىيًب ، بًُُب أعُطُج انًدًىعت انفشعُت  ٣٢انًبئٍ نًذة  كضبشة انبئش يهغى / كغى / َىو يٍ يسخخهص  ٢١١ُت  فخهمج انفشعُت انثبَ

يهغ / كغ /  ٥يهغ / كغ / َىو يٍ كم يٍ انًُخفىسيٍُ والأكبسبىص. حهمج انًدًىعبث انثلاد انًخبمُت لهىَذاث ) ٦١انثبنثت وانشابعت 

َىيب. حى  ٣٢نًذة  كضبشة انبئش   يهغ / كغ / َىو( انًسخخشخت يٍ ٤١غ / َىو( وانًشكببث انفُُىنُت )يهغ / ك ٣٥َىو( ، فلافىَىَذ )

سصذ يسخىَبث انسكش فٍ انذو أثُبء انصىو ، ويسخىَبث الأَسىنٍُ ، ويمبويت الأَسىنٍُ ، ويسخىَبث الأيُهُض فٍ انذو ، ويسخىَبث 

 ، وظبئف انكبذ و انكهً. Cانببخُذ 

َىيًب سُطشث بشكم فعبل فٍ يسخىَبث  ٣٢انًبئٍ فٍ اندشراٌ انًصببت ببنسكشٌ نًذة  اسخخذاو يسخخهص كضبشة انبئشإٌ  النتائج:

أدث إنً  كضبشة انبئش انسكش فٍ انذو ، وادث انً اسحفبع يسخىي الأيُهُض ، وححسٍُ وظبئف انكهً وانكبذ. انمهىَذاث انًسخخشخت يٍ 

وانُىسَب فٍ انذو يصحىبت بضَبدة كبُشة فٍ الأيُهُض   AST ، ALT ، ALPذو واَخفبض  اَخفبض كبُش فٍ يسخىَبث انسكش فٍ ان

إلا أٌ يشكببث انفلافىَىَذ وانًشكببث انفُُىنُت نى حسبب أٌ حغُُش كبُش فٍ يسخىَبث انسكش  ،فٍ اندشراٌ انًصببت بًشض انسكشٌ

 فٍ انذو.

هٍ انًكىٌ انكًُُبئٍ انزٌ َسبهى فٍ حمهُم اسحفبع انسكش فٍ  كضبشة انبئش ًَكٍ أٌ َسخُخح أٌ لهىَذاث انًسخخشخت يٍ   الاستنتاج:

 انذو.

 

 َببث كضبشة انبئش ، داء انسكش ، انفلافىَىَذ ، انمهىَبث ، انفُُىل . الكلمات المفتاحية:

  

 

INTRODUCTION 
he diabetes mellitus (DM) is an epidemic and 

the associated complications  pose a 

significant health hazard worldwide. They have 

contributed significantly to global disability and 

mortality rates, in addition to increasing the 

incidence of cardiovascular diseases particularly in 

individuals with DM and metabolic syndrome
1,2

. 

Chronic hyperglycemia associated with DM is 

linked to longstanding impairment, dysfunction and 

the failure of several organs, including the eyes, 

blood vessels, kidneys, nerves and heart
3
. 

. For thousands of years, the herbal medicinal 

system has been postulated and proven to 

safeguard patients’ health and alleviate diseases 

and disorders by means of realistic observation 

and trial and error experimentations
4
.  

   Medicinal plants play a fundamental role in the 

development of novel drugs. Several 

pharmacological activities including the treatment 

of cancer; immunomodulation; nervous system 

activation; hepatoprotection and antipyretic, 

analgesic and antidiabetic activities have been 

performed by plants and their products
5
. 

Despite of the development and mass production 

of chemically synthesized drugs, paired with a 

global transformation of healthcare, a considerable 

portion of the populations of various countries still 

depends on herbal medicines for primary care 

needs, in both developing and industrialized 

countries
6.
 About 80% of the world’s population is 

dependent on the conventional medicine, as 

estimated by the WHO
7
. 

Diabetes and herbs have a longstanding 

relationship; many different plants have been 

used to treat DM in various parts of the world, and 

many of them have been scientifically proven to be 

potent antidiabetic agents. Around 400 traditional, 

plant-based remedies for diabetes have been 

doccumented; the hypoglycemic impact of some 

herbal extracts has been verified in human and 

animal models of type 2 DM, but only a small 

number of these plants have been evaluated 

scientifically and medically study their 

effectiveness
8,9

. 

Several herbal medicines have been proposed 

for the management of DM, In addition to the 

existing therapeutic options for DM such as insulin 

T 
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and oral hypoglycemic agents, which have their 

own limitations
10

. 

Although oral hypoglycemic agents are still the 

cornerstone of DM management, their adverse 

side effects and/or high cost leave patients seeking 

alternative therapies
11.

 Identifying and isolating 

medicinal plant compounds with antidiabetic 

properties may allow the development of a novel 

class of antidiabetic drugs
12

. 

Adiantum capillus (AC) is a member of the 

Pteridaceae family; it is one of the most frequently 

used and widely distributed species in this family.  

Ethnomedicinally, the genus has been used as 

tonic and diuretic; it is used in cold therapy, to treat 

fevers, coughs and bronchial disorders; as a 

stimulant and a laxative; to treat skin diseases; in 

spleen, liver and other visceral tumors
13,14

, and in 

the treatment of jaundice and hepatitis
15

. 

Previous studies have suggested that Adiantum 

capillus aqueous extract (ACAE) has 

antihyperglycemic effects in rabbits and rats
12-16

, 

but the exact part of the plant that produce this 

effect has yet to be identified
17

. Many studies have 

demonstrated that alkaloids are one of the 

phytoconstituents of AC in addition to various 

classes of triterpenoids and flavonoids
7-18

. 

Alkaloids are among the plant constituents that 

have been used as a treatment for many diseases, 

including DM, along with flavonoids and phenols
19

. 

Accordingly, the present study was designed to 

evaluate the antihyperglycemic effect in normal 

and diabetic rats of the variety of AC cultivated in 

Kurdistan of Iraq, as well as some of its 

constituents, such as flavonoids, alkaloids and 

phenolics. 

 

MATERIALS AND METHODS 
Plant Material Collection, Authentication and 
Preparation of Plant Extracts  

Fresh specimen of Adiantum capillus were 

collected in March of 2018 from the Hawraman 

Mountains in Sulaimani and were dried in the 

shade for 10 days. To create the aqueous extract, 

about one gram of dried coarsely ground plant 

material was soaked in 20 ml of boiled distilled 

water in a conical flask for 24 hours. It was then 

filtered through filter paper and the plant residue 

was discarded. The extract was refrigerated in a 

tightly sealed container. 

To extract alkaloids, 10 g of the crude material 

sample were placed in 400 ml of 10% acetic acid 

and 98% ethanol and macerated for 48 hours at 

room temperature. The product of the extract was 

2.76%. To extract flavonoids, 10 g of the crude 

material sample were mixed into 200 ml of high-

performance liquid chromatography (HPLC) grade 

methanol and macerated for 48 hours at room 

temperature, resulting in an extract yield of 18.4%. 

Phenolic compound extraction was performed by 

adding 10 g of the crude material sample to 500 

ml of 70% ethanol and macerating the mixture for 

72 hours at room temperature. The extract yield 

was 23%. According to these exctracted yields the 

doses of the alkaloids, flavonoids and phenolic 

compounds have been calculated. 

 
Animals 

Healthy albino female wistar strain rats weighing 

190-240 g were used in this research. Throughout 

the experimental period, the animals were 

accommodated in colony cages at the animal 

house at the College of Veterinary Sciences, 

University of Sulaimani for 1−2 weeks prior to 

initiating the experimentation. They were kept 

under standard laboratory conditions, which 

consist of a temperature range of (27± 2°C), with 

light and dark cycles lasting 12 hours. The animals 

were supplied with food (pellets) and water as 

desired. Approval was granted by the Ethical 

Committee of the College of Medicine at the 

University of Sulaimani (Permit Number: 7/5/927).  

 
Induction of Diabetes Mellitus in Rats 

Diabetes was induced by a single dose 

intraperitoneal shot of 40 mg/kg of freshly prepared 

streptozotocin (STZ) solution in a citrate buffer (0.1 

M, pH. of 4.5), delivered to rats that had fasted 

overnight.  

Blood samples were collected from the tail vein 

after three days by pricking the tail, following at 

least 12 hours of fasting. Fasting blood glucose 

(FBG) levels were measured using a glucometer. 

The animals with obvious hyperglycemia (FBG > 

200 or 250 mg/dl) were included in the study
20,21

. 

This study was conducted using nine groups of 

six rats. They were administered oral treatments 

as follows: 

Group I: Normal rats served as a negative control; 
they were administered only the vehicle (distilled 
water) for 21 days. 
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Group II: Normal rats treated with ACAE (100 
mg/kg/day) for 21 days. 
Group III: Diabetic rats served as positive control; 
they were given only the vehicle (distilled water) for 
21 days. 
Group IV: Diabetic rats treated with an aqueous 
solution of Metformin (50 mg/kg/day) for 21 days. 
Group V: Diabetic rats treated with an aqueous 
solution of Acarbose (50 mg/kg/day) for 21 days 
Group VI: Diabetic rats treated with ACAE (100 
mg/kg/day) for 21 days. 
Group VII: Diabetic rats treated with alkaloid 
extracted from AC (4 mg/kg/day) for 21 days. 
Group VIII: Diabetic rats treated with flavonoid 
extracted from AC (24 mg/kg/day) for 21 days. 
Group IX: Diabetic rats treated with phenolic 
compounds extracted from AC (30 mg/kg/day) for 
21 days. 
 

Following 21 days of treatment, rats were fasted 

overnight. Blood samples were collected the 

following day.  The first step in this procedure was 

to anaesthetize the rats with a combination of 

xylazine (5mg/kg) and ketamine (35mg/kg); then a 

cardiac puncture was performed using a sterile 

disposable plastic syringe and the blood samples 

were stored in definite numerically labeled blood 

tubes
9
. These blood samples were used to 

determine levels of FBG, insulin level, serum 

amylase, C peptide, blood urea, serum creatinin, 

aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) and alkaline phosphatase 

(ALP).  

The concentration of insulin and C peptide in 

serum samples was estimated using Enzyme-

Linked Immunoabsorbent Assay (ELISA) method. 

Quantitative determination of serum amylase, 

serum creatinine, serum urea, AST, ALT and ALP 

was carried on Roche/Hitachi cobas c 311 

systems, according to to the manufacturer’s 

conditions. 

Blood samples were collected from the tail vein 

following a regular schedule.  FBG levels were 

assessed on days 0, 10 and 21 using the glucose 

oxidase, and the readings were processed using 

AutoAnalyzer. 

Insulin resistance (IR) was assessed using 

homeostasis model assessment of insulin 

resistance (HOMA-IR), which is calculated from 

fasting serum insulin (FSI) and fasting FBG as in 

the following formula
22

. 

HOMA-IR  = FSI (µU/ml)× FBG (mmol/L) /22.5 

 

Statistical Analysis 
Data were analyzed statistically using Statistical 

Package for Social Sciences(SPSS) Version 24.0 

for Windows. All the data were expressed as a 

mean ± SE. Comparisons between groups were 

performed using Duncan’s test and the Student’s t-

test. A p-value of 0.05 or less was regarded as 

statistically significant. 

 
RESULTS 

Effects of aqueous extract (100mg/kg/day) of 

Adiantum capillus on, insulin resistance and levels 

of fasting blood glucose, insulin, C-peptide and 

amylase in normal rats 

The results of this study indicate a decline in 

insulin resistance and the levels of FBG, insulin, C-

peptide and amylase in normal rats following daily 

oral administration of ACAE as compared with the 

control group. However, these changes were 

statistically not significant. Table 1 

 
Table 1: Effects of aqueous extract 
(100mg/kg/day) of Adiantum capillus on fasting 
blood glucose, serum insulin, C-peptide, insulin 
resistance and amylase in normal rats (n = 12). 
 

Parameter 

Normal 

 Rats 

Normal 

Rats  

Treated 

 with /AC 

P 

value 

Blood Glucose 
 (mg/dl) 

90.8 ± 4.2 86.7 ± 1.6 0.34 

Insulin (uU/ml) 14.4 ± 2  12 ± 0.9 0.299 

Insulin 
resistance 

3.3 ± 0.5 2.6 ±0.5 0.26 

C peptide 
(ng/ml) 

1.9 ± 0.3 2.1 ± 0.2 0.74 

Amylase (U/L) 
1264.7 ± 

73.8 
1108±45.5 0.099 

 
Effects of aqueous extract (100mg/kg/day) of 
Adiantum capillus on blood urea, serum creatinine, 
AST, ALT and ALP levels in normal rats. 

 
The data reveal a significant decrease in serum 

creatinine and AST levels in the normal group 
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administered daily oral doses of ACAE as 

compared with the control group. This was 

accompanied by a non-significant increase in 

blood urea and ALT levels and a non-significant 

decrease in ALP levels in the normal group treated 

with ACAE as compared with the control group. 

Table 2 . 

 

Table 2: Effects of aqueous extract 
(100mg/kg/day) of Adiantum capillus on blood 
urea, serum creatinine, AST, ALT and ALP levels 
in normal rats (n = 12). 
 

Parameter 
Normal  

Rats 

Normal 
Rats 

 treated  
with /AC 

P 
Value 

Blood urea  
(mg/dl) 

36 ± 1.8 40 ±2.1 0.177 

Serum creatinine 
(mg/dl) 

0.45 
±0.04 

0.3 ± 0 0.006* 

AST  
(U/L) 

125.5 ± 
4.9 

118.5 ± 
6.6 

0.039* 

ALT 
(U/L) 

34.5 ± 
2.7 

42.8 ± 2.2 0.414 

ALP  
(U/L) 

120.5 ± 
5.9 

118 ± 7.6 0.867 

 

 Significant differences at p ≤ 0.05 

Effects of aqueous extract of Adiantum 
capillus, Metformin and Acarbose on blood 
glucose and insulin levels in diabetic rats 

Intraperitonial injection with 40mg/kg of STZ 
produced a significant increase in the blood 
glucose levels of normal rats, accompanied by a 
significant decrease in insulin levels. Daily oral 
administration of ACAE for 21 days significantly 
reduced the FBG levels of diabetic rats, whereas 
oral administration of Metformin and Acarbose for 
21 days resulted in a non-significant reduction in 
their FBG levels. Oral administration of ACAE to 
diabetic rats also brought about a non-significant 
increase in insulin levels as compared with rats 
from the diabetic control group, as well as the 
diabetic groups treated with metformin and 
acarbose. (Table 3) 

 
 
 
 
 
 
 
 
 
 

 
Table 3: Effects of aqueous extract (100mg/kg/day) of Adiantum capillus, Metformin (100 mg/kg) and 
Acarbose (60 mg/kg) on blood glucose and insulin levels in diabetic rats. 

 

Parameter Normal rats Diabetic rats 
Diabetic rats 

treated with AC 
Diabetic rats treated 

with metformin 

Diabetic rats 
treated with 

acarbose 

Blood glucose 
(mg/dl) 

83.8 ± 3.2 
a 

399.3 ± 17.8 
b 

119.7±14.2 * 
a 

301.7 ± 44.7** 
b 

333.3 ± 57.8** 
b 

Insulin (uU/ml) 
11.7  ± 0.7 

a 
0.6 ± 0.2 ** 

b 
1.4 ± 0.05 ** 

b 
1.3 ± 0.03 ** 

b 
1.3 ±0.03 ** 

b 

 
*   p < 0.001 when compared with the Diabetic rats  
** p < 0.001 when compared with the control  
Different letters indicate significant differences at P < 0.05. 
 
Effects of aqueous extract of Adiantum capillus on levels of amylase, blood urea, serum creatinine, 

AST, ALT and ALP in diabetic rats 

A significant increase in amylase levels in diabetic rats was recorded following 21 days of oral treatment 

with ACAE, as compared with the control group. Moreover, the ACAE-treated group presented a significant 

decrease in blood urea, AST, ALT and ALP levels as compared with the non-treated group. On the other 

hand there was a non-significant decrease in serum creatinine levels in the ACAE-treated diabetic rats as 

compared with the control group. Table 4 
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Table 4: Effects of aqueous extract (100mg/kg/day) of Adiantum capillus on levels of amylase, blood urea, 

serum creatinin, AST, ALT and ALP in diabetic rats. 

 
Different letters indicate significant differences at P < 0.05. 

 

Blood Glucose in diabetic rats treated with flavonoids, alkaloids and phenolic compounds extracted 

from AC   

Following 21 days of treatment each with of ACAE, flavonoids, alkaloids and phenolic compounds 

extracted from AC, a significant decrease was observed in the blood glucose levels of diabetic rats in the 

group treated with alkaloids. However, flavonoids and phenolic compounds did not cause any significant 

change in blood glucose levels. Figure 1 

 

 
 

Figure 1: Blood Glucose in diabetic rats treated with flavonoid, alkaloid and phenolic compounds extracted 

from AC    

** P < 0.001 when compared with the control 

  

Parameter Normal rats Diabetic rats 
Diabetic rats treated with 

AC 

Amylase  (U/L) 
1264.7 ± 73.8 

a 
392.7 ± 29.8 

c 
737.5 ± 62.4 

b 

Blood urea (mg/dl) 
36 ± 1.7 

a 
103.3 ± 16 

b 
56 ±6 

a 

Serum creatinin (mg/dl) 
0.45 ±0.04 

a 
0.46 ±0.04 

a 
0.38 ± 0.03 

a 

AST (U/L) 
125.5 ± 4.9 

a 
212.3 ± 12.1 

b 
121.5 ±13.4 

a 

ALT (U/L) 
34.5 ±2.7 

a 
91.8 ± 5.4 

b 
45.1 ± 3.6 

a 

ALP (U/L) 
120.5 ± 6 

a 
404 ±92.2 

b 
163.7 ±14.4 

a 
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Effects of alkaloids extracted from Adiantum capillus, on levels of blood glucose, insulin, amylase, 

AST, ALT, ALP, blood urea and serum creatinin in diabetic rats 

When administered to diabetic rats, alkaloids extracted from AC produced a significant decrease in blood 

urea, blood glucose, AST, ALT and ALP levels, as compared with the untreated diabetic group. Furthermore, 

alkaloids given to diabetic rats triggered a significant increase in serum amylase levels as compared with 

results in untreated diabetic rats. However, insulin levels in diabetic rats treated with alkaloids exhibited a 

non-significant increase in comparison with untreated diabetic rats. Table 5 . 

Table 5: Effects of alkaloid extracted from Adiantum capillus on levels of blood glucose, insulin, amylase, 

AST, ALT, ALP, blood urea and serum creatinin in diabetic rats . 

Parameters Normal rats Diabetic non treated rats 
Diabetic rats treated with 

alkaloid 

Blood glucose (mg/dl) 
83.8  ± 3.2 

a 
399.3  ±17.8 

b 
108.7  ±2.3 

a 

Insulin (uU/ml) 
11.7  ± 0.7 

a 
0.6  ± 0.2 

b 
1.4  ± 0.08 

b 
Amylase 

(U/L) 
1264.7  ± 73.8 

b 
392.7  ± 29.8 

a 
1515.2  ± 11.6 

c 
AST 
(U/L) 

125.5  ± 4.9 
a 

212.3  ±1 2.1 
b 

144.2  ± 11.2 
a 

ALT 
(U/L) 

34.5  ± 2.7 
a 

91.8  ± 5.4 
b 

21.9  ± 0.2 
a 

ALP 
(U/L) 

120.5  ± 6 
a 

404  ± 92.2 
b 

119.8  ± 13.7 
a 

Blood urea (mg/dl) 
36  ± 1.7 

a 
103.3  ± 16 

b 
41  ± 2.2 

a 

Serum creatinin (mg/dl) 
0.45  ± 0.04 

a 
0.46  ± 0.04 

a 
0.4  ± 0.04 

a 

 
Different letters indicate significant differences at P < 0.05. 

 

DISCUSSION 

Plants have been used in various medicinal 

systems for the treatment of many diseases, 

including DM
23

. Adiantum capillus is among the 

plants traditionally used for the treatment of 

several chronic diseases, and studies regarding 

its application for DM and renal disease support 

this theory.  

Type 1 DM is the result of autoimmune 

destruction of pancreatic β-cells, which renders 

patients completely dependent on exogenous 

insulin
24

. In this study, STZ was used to induce a 

model of type 1 DM in rats 
25

. 

Although existing research has not sufficiently 

recognized the impact of and mechanism behind 

most plant compounds in the treatment of DM, 

they may work by improving insulin sensitivity, 

influencing intestinal absorption of glucose, 

influencing metabolic insulin-dependent 

processes, enhancing the antioxidant effects of 

these processes, and stimulating GLUT4 

translocation
19-26

. 

Streptozotocine is a highly selective pancreatic 

islet β-cell cytotoxic agent that induces diabetes 

through the destruction of pancreatic β-cells and 

subsequent insulin deficiency. In the current 

study, 40-mg/kg dose of STZ were injected 

intraperitonially, provoking a significant increase in 

blood glucose levels accompanied by a significant 

drop in insulin levels in the rats as compared to 

those in the control group. This effect has also 

been reported in other studies
9-21

.  

The results of the present study demonstrate 

that the daily oral administration of ACAE 

produced a non significant decline in the blood 

glucose levels in normal rats This finding is in 

consistent with the results of other studies on the 

hypoglycemic effects of AC
12-19

. However, regular 

doses of ACAE for 21 days effectively controlled 

blood glucose levels in STZ–induced diabetic rats. 

Likewise, a significant decrease in blood glucose 

levels was observed in diabetic rats treated with 

alkaloids extracted from AC for 21 days, indicating 

that alkaloids in AC are the constituent 
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responsible for its hypoglycemic effect. The 

glucose lowering effect of 21-day treatment with 

metformin and acarbose in diabetic rats was 

notably inferior to the effect of ACAE. 

A recent study performed using natural alkaloids 

it has been suggested that certain alkaloids have 

the ability to mediate the insulin-signal 

transduction pathway, reversing molecular defects 

that causing glucose intolerance and insulin 

resistance and reducing DM complications, both 

in-vitro and in-vivo
27

. 

The hypoglycemic impact of ACAE can be 

linked to the existence of insulin-like substances 

in the plant that stimulate the regeneration and 

reactivation of β-cells, which produce more 

insulin. This is confirmed by the results of a study 

performed on the histological effects of AC on 

diabetic rats, it was found that the number of 

pancreatic β-cells increase following treatment 

with AC. Moreover, researchers observed the 

recovery of partially destroyed β-cells and the 

initiation of β-cell proliferation and regeneration
12

. 

Some studies have also mentioned that AC 

chemical constituents can inhibit essential 

gastrointestinal enzymes involved in carbohydrate 

digestion and absorption
1
. 

AC has been recognized to play an important 

role in activating the nuclear receptors known as 

peroxisome proliferator-activated receptors 

(PPAR), which play a vital role in the homeostasis 

of glucose and lipids. Upon activation, PPAR 

primarily functions as a transcription factor, which 

after binding with the corresponding response 

elements on the DNA, boosts the expression of 

primary metabolism genes, resulting in the 

production of membranous glucose transporters 

(GLUT). This promotes cellular adaptation of 

energy consumption to the available nutrient 

supply
28

. 

The data produced in this study demonstrated a 

significant decrease in serum amylase levels in 

untreated diabetic rats as compared with control 

rats. This might be linked to an interruption of 

insulin activity caused by a lack or absence of 

insulin or by insulin resistance, as insulin naturally 

exerts a trophic and stimulant effect on pancreatic 

acinar cells which secret amylase
29-32

. It may also 

be caused by a decrease in calcium concentration 

in the pancreatic acinar cells, as calcium, along 

with insulin and magnesium, triggers the synthesis 

and exocytosis of amylase from the acinar cells
33

. 

However following daily administration of ACAE 

and alkaloid extracted from AC for 21 days, a 

significant increase in serum amylase was 

documented in treated rats as compared with 

diabetic untreated rats. This observation is 

consistent with Sultan et al (2013) who suggest 

that this surge in amylase levels following the 

application of ACAE might indicate the existence 

of insulin-like substances in the plant. These 

substances stimulate the production of insulin by 

the β-cells and stimulate pancreatic exocrine 

function to secrete amylase
12

. 

Moreover a remarkable reduction in serum 

creatinin levels was documented in normal rats 

treated with ACAE, as compared with untreated 

rats. This was also reported by other researchers 

also
34

. The decrease in serum creatinin can be 

explained by an increase in GFR
35

. Furthermore, 

a significant reduction in of blood urea levels was 

detected in diabetic rats treated with ACAE as 

compared with the untreated diabetic rats. This 

finding is consistence with another study
12

, which 

suggests that this effect might be caused by the 

plant’s ability to treat renal dysfunction and that it 

is an obvious sign of  improvement in renal 

function of diabetic rats.  

In diabetic rats treated with ACAE, a significant 

decline was observed in AST, ALT and ALP 

levels. This phenomenon indicates an 

improvement in liver function and demonstrate the 

plant’s ability to repair liver damage caused by 

DM
12

. Similarly, the alkaloid extract produced a 

significant decrease in AST, ALT and ALP levels, 

indicating that the alkaloids present in AC are 

responsible for the plant’s healing impact on liver 

damages induced by the diabetes. 

 

CONCLUSION 

The results of the present study demonstrate 

that Adiantum capillus has retains hypoglycemic 

properties; specifically, it identifies alkaloids 

present in AC as the chemical constituent 

responsible for this hypoglycemic effect. The 

mechanism behind this effect may be an increase 

in insulin sensitivity caused by decreased 

glycogenolysis, which enhances the transport of 

blood glucose to peripheral tissues. Further 

studies are necessary to clarify the specific 

mechanism in play. Histopathological and adverse 
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effect studies of the alkaloids extracted from AC in 

diabetic rats are recommended. 
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