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Abstract: 
     The current study was designed to investigate the alterations in the ultrastructure of orgenelles and 

cellular activity of exocrine pancreatic acini of experimentally induced-diabetic rats and to assess the 

usefulness of herbal combination supplementation in improving the ultrastructure and cellular activity of 

exocrine pancreas. The number of albino male rats used were 24 which divided into equally 4 groups; group 

I: control group, group II: alloxan-induced diabetes mellitus (single intraperitoneal dose of alloxan 120 

mg/kg for 3 days), group III: herbal combination treatment composed from the extracts of fenugreek seeds 

(Trigonella foenum-graecum), black cumin (Nigella sativa) seeds, rhizomes of ginger (Zingiber officinale), 

leaves of olive (Olea europeae), and seeds of ash (Fraxinus ssp). Each rat given 2.5 ml (0.5 ml from each 

five mixed plant extracts used) for 2 months. group IV: diabetes was induced as group II and treated with 

herbal combination as group III for 2 months. The processing for investigating by transmission electron 

microscopy were carried out for all pancreata taken from all groups. There was significant reduction 

(p<0.05) in mean of FBG levels in diabetic rats treated with herbal combination (group IV) as compared to 

diabetic control and could revert FBG to normal value compared to negative control The results of 

examination of semithin and ultrathin sections in diabetic rats revealed many degenerative changes in the 

exocrine pancreatic tissue in comparison to control group. These degenerative changes can be summarized as 

disturbances in the arrangement of pancreatic acinar cells and decreased secretory granules in addition to the 

vacuolation of cytoplasm and pyknotic nuclei were observed in semithin sections. Moreover, degenerated 

nuclei, vacuolation of cytoplasm, fragmentation of rough endoplasm reticulum and degranulation of the most 

pancreatic acinar cells were noticed in ultrathin sections. In contrast, the acinar cells of group administrated 

with herbal combination only had normal ultrastructure, cellular activity, and nuclei, well-developed rough 

endoplasmic reticulum with abundant zymogen granules. Also, most of the acinar cells retrieved their normal 

ultrastructure and cellular activity in diabetic group treated with herbal combination and herbal combination 

could decrease most of the degenerative changes caused by alloxan-induced diabetes. In conclusion, the daily 

supplementation with this herbal combination to diabetic rat for 2 months could achieving promising effects 

due to its cytoprotective influence and showed the ability to decreased degenerative damage in the 

ultrastructure and cellular activity of exocrine pancreatic acini in type 2 diabetic rats. 

 
Key word: Diabetes, Exocrine Pancreas, Herbal Combination, Transmission Electron Microscope, 

Ultrastructure. 

 

Introduction: 
      The predominance of diabetes mellitus type-2 

has raised throughout the last 20 years, a fact driven 

by the raised predominance of obesity, the main risk 

factor for diabetes mellitus. In the Arab world, the 

diabetes are specifically surprising as the count of 

diabetic patients is projected to enlarge by 96.2% in 

2035 (1).  

Diabetes is a complicated syndrome characterized 

by hyperglycemia causes different metabolic 

malfunction which evident distinctive long-term 
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complications as several microvascular diseases, 

involving diabetic neuropathy, nephropathy, and 

retinopathy (2).  

      Pancreas is organ of a doubled-entity, composed 

of an endocrine and an exocrine component, interact 

in a reciprocal manner to made system whose 

function is related for homeostasis of nutrients, 

absorption, and digestion. Therefore, it is not 

startling that disturbance of the endocrine part of 

pancreas also influence the  exocrine part and vice 

versa. However, the influence of diabetes in 

pancreatic exocrine function is less known (3). 

Although the previous data are quite restricted to 
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study regeneration of β -cell which can take place in 

diabetes (4). Various models of regeneration in 

diabetes have developed and substantial 

regeneration of both endocrine and exocrine 

pancreas have been noted in many animal models 

(5). Although few researchers have reported the 

disturbed function of the exocrine pancreas in 

diabetic patients (6), little attention has been given 

to study effect of diabetes in ultrastructure of 

exocrine pancreas. Therefore, it would be of interest 

to examine the regeneration of exocrine acinar cell 

in diabetes mellitus. 

     The efficient management of diabetes requires 

continuous control to blood sugar level to minimize 

the risks of diabetic complications (7). 

Unfortunately, complete therapy for DM and its 

complications has not been established (8). Thus, 

natural and therapeutic antioxidants are one of the 

strategies for diabetic remedy. Although there are 

various categories of antidiabetic drugs, these drugs 

possibly possess significant side effects or are very 

expensive (9). Herbal medicine is one of the healing 

methods in the therapy of diabetes. It is regarded to 

have fewer side effects and less toxic than synthetic 

ones (10).  

        Among widely used herbs by diabetic patients 

is fenugreek (Trigonella foenum graecum) (family: 

Leguminosae). The seeds were commonly used as a 

spice and have anti-diabetic, anticarcinogenic, 

hypocholesterolemic, and antioxidant activities 

(11). Fenugreek possessing several bioactive 

components including 4-hydroxyisoleucine, 

flavonoids, coumarins trigonelline, saponins, (12), 

and diosgenin (13). Second most commonly used 

herb is black cumin seeds (Nigella sativa) (family: 

Ranunculaceae) utilized in traditional systems for 

many diseases. The efficacy of essential oil, seed 

oil, and its principal constituent thymoquinone (TQ) 

have examined (14). Composition of N. sativa seeds 

shows it comprises of numerous bioactive 

compounds such as thymoquinone, alkaloids, 

flavonoids, α-hederin, antioxidants, and fatty acids. 

These constituents have multiple medicinal 

characteristics like anti-diabetic (2,14), anti-cancer, 

anti-inflammatory, anti-dyslipidemia, anti-

hypertension, and antioxidant activities 
 
(14).  

     Moreover, Ginger (Zingiber officinale Roscoe) 

(family: Zingiberaceae) is one of a perennial herbs. 

Its rhizomes are extensively used in conventional 

system of medicine as a flavoring agent and spice 

for treatment of throat, cold, cough, and chest 

infections (15). Ginger had antihypertensive (16) 

and antioxidant influences (17). Moreover, the 

influences of ginger on diabetes (type 2) and/or 

metabolic syndrome were assessed (18).  

      Multiple investigations have been focused on 

the composition of olive (Olea europaea) (family: 

Oleaceae) leaves which contain an elevated 

concentration of phenolic compounds; particularly 

oleuropein (19) which confer benefits to the human 

health and associated to antioxidant (20).  

        Furthermore, Ash (Fraxinus spp.) (family: 

Oleaceae) was discovered in the United States (21). 

The seeds, bark, leaves, and fruits of the genus 

Fraxinus have been greatly consumed in folk 

medicine against a multiple of diseases. The genus 

Fraxinus includes a broad group of phytochemicals, 

mainly secoiridoid glucosides (22). An extract of 

Fraxinus fruits/seeds has been exhibited to cause a 

significant decrease in glycemia, triglyceridemia in 

addition to pressure of blood in several animal 

models of obesity, hypertension, and diabetes (23).  

       Scientific basis for using mixed formulations 

which including blood sugar decreasing herbs 

commonly used for diabetes treatment. Reasoning 

behind such formulations is supplied by 

contemporary research (24). Therefore, this study 

have aimed to investigate the ultrastructure features 

and alteration of cellular activity of the exocrine 

pancreas in alloxan-induced diabetic rats by using 

transmission electron microscope and to what extent 

herbal combination of five extracts prevents the 

pathological and ultrastructural changes occurred in 

diabetic exocrine pancreatic acini. 

 

Materials and Methods: 
Plants extract preparation 

   The plants that utilized in these experiments were 

bought from a local markets of herbs in Hilla city/ 

Babylon Province/ Iraq, besides olive leaves were 

gathered from Babylon University gardens. The 

parts of plants utilized in this study were seeds of 

fenugreek (Trigonella foenum-graecum), seeds of 

black cumin (Nigella sativa), rhizomes of ginger 

(Zingiber officinale), leaves of olive (Olea 

europeae), and seeds of ash (Fraxinus ssp). Olive 

leaves were desiccated in dark and all plants 

materials were transmitted into finely ground 

material (31, 32, 33). The plants were classified by 

Plant Herbarium/College of Science/Dept. of 

Biology/ University of Babylon. 

    The 20% methanolic extracts were prepared 

according to Sato et al. (25). The powder of each  

plants homogenize with mixture of solvent 

(methanol: distal water) (20:80 v\v) in blender for 

30 disconnected minutes, the mixture are infiltrated 

and dried in oven at 45 
о
C for 24 hours, the dried 

extract store in dark container. The extract of each 

five plants prepared alone according to the body 

weight of rat (concentrations of extracts graded 

from 10-100 mg /kg body weight) and then equal 

amount  (0.5 ml) of each extract was taken and 

mixed together to prepare herbal combination. 
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Induction of diabetes  

The study included 24 adult albino male 

rats with an average weight of 200-250 gm. 

Separated cages were used for the breeding of rats 

in the animal house in the University of Babylon 

and controlled by appropriate conditions of light, 

temperature, and humidity and provided with 

laboratory diet and water ad libitum. In order to 

develop experimental diabetes type 2 (T2DM), rats 

were fasted overnight and injection a freshly 

prepared solution of alloxan monohydrate (BDH 

Chemical/ England) which dissolved in 0.5 ml 0.9% 

NaCl immediately (3 doses of 120 mg/kg body 

weight, one dose each 24 hours). Level of fasting 

blood glucose (FBG) of fasting rats were assessed 

every week by utilizing the glucometer (Rosmax/ 

Germany) and rats had fasting blood glucose > 200 

mg /dL were considered as diabetic rats and utilized 

for the next experiments. Following a week’s time 

after the development of diabetes, herbal 

combination treatment was initiated (26, 27, 28). 

Albino male rats were distributed in random  

manner into four groups (n=6 each group) as 

follows:  

Group I: control group in which rats treated with 

0.9% NaCl. 

Group II: alloxan-diabetic rats were not treated and 

used as a diabetic control group. 

Group III: Herbal combination treatment for 2 

months. 

Group IV: diabetic rats were administrated with 

herbal combination for 2 months. 

      When the period of the experiments was 

completed, the animals were sacrificed, pancreas 

were taken and fixed in glutaraldehyde-containing 

phosphate buffer for electron microscope 

examination. 

 

Transmission Electron Microscopy Preparations 
    The pancreas from experimental animals and 

controls were cut into small pieces of about 2mm
3
, 

fixed in glutaraldehyde 2.5% which diluted by 

phosphate buffer that had pH 7.4 for 4 hour in 4
о
C 

and post-fixed in an 1% osmium tetroxide solution 

for 1h. After fixation, the specimens were 

dehydrated and embedded in Araldite. Semithin and 

ultrathin sections of pancreas were cut using 

ultramicrotome (Reichert-Jung, Germany) by using 

glass Knife which made by Knife Maker (LKB, 

Reichert-Jung), then the sections placed on copper 

grids. The prepared semithin sections (0.5-1µ) were 

stained with methylene blue while the prepared 

ultrathin sections (60-90 nm) were doubly stained 

with uranyl acetate and lead citrate (29, 30). A 

sections were examined and photographed under 

transmission electron microscope (Philips CM–10, 

Germany). The preparation, examination, and 

imaging of sections were done in the Electron 

Microscope Unit / College of Medicine/ Al-Nahrain 

University/ Iraq. 

 

Results:   
Fasting blood glucose 

     In diabetic group (group II), there was 

significant increase (p<0.05) in FBG levels (471 ± 

37.98) mg/dL as compared to negative control 

(group I) (124 ± 4.219) mg/dL. Furthermore, there 

was nonsignificant decrease in group III as 

compared to negative control while this group had 

significant reduction in mean of FBG level (79.66± 

4.168) mg/dL as compared to diabetic control. 

Group IV showed significant reduction (p<0.05) in 

mean of FBG levels as compared to diabetic control 

and could revert FBG to normal value in this groups 

compared to negative control as shown in Fig.1. 

 

 
Figure 1. Level of fasting blood glucose in 

treated groups. Different letters refer to 

significance at p˂0.05. 

 

Ultrastructural study  

Group I (control group): 

    The examination of stained semithin sections of 

pancreas under light microscope which showed the 

lobules of pancreas divide by thin interlobular septa. 

The exocrine tissue were organized as acini closely 

packed with very little connective tissue in between. 

The apical cytoplasm of pyramidal acinar cells had 

full with secretory zymogen granules and basal oval 

or rounded nuclei, having very small acinar lumen. 

Interlobular ducts and normal islets of Langerhans 

were also seen (Fig. 2A and B).  

   Similarly, ultrastructure of exocrine pancreas 

from control animals presented a normal 

ultrastructure of acinar and centroacinar cells from 

electron microscope examination. The acinar cells 

contained basal oval nuclei with prominent nucleoli, 

their cytoplasm full with nemerousl secretory 

zymogen granules of high-electron density scattered 

in the apical cytoplasm, and well-developed rough 

endoplasmic reticulum (rER) (Fig. 3).  
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Figure 2. Photomicrographs of a semithin section of pancreas of the control group revealing normal 

structure of pancreatic lobules. Pancreatic acinar cells had pyramidal shape with basal oval nuclei 

(arrowhead) and the cytoplasm filled with abundant secretory granules (      ). Intralobular ducts (D) 

and normal islets of Langerhans (IL) are also noticed. Methylene blue, 400X. 

 

 
Figure 3. Transmission electron micrographs of pancreatic acinar cells of the control group 

revealing normal acinar cells having basal oval euchromatic nuclei (N) with prominent nucleoli. 

The cytoplasm includes well-developed rough endoplasmic reticulum (rER) with numerous high-

electron density secretory granules (   ). The centroacinar cells (CA) were observed normal. Uranyl 

acetate and lead citrate. Magnification power A-4600X, B- 6000X, C-7900X, and D-13500X. 

 

Group II (alloxan group) 

      Examination of the semi-thin sections of the 

pancreas from diabetic rats revealed many 

degenerative changes summarized in acinar pattern 

structure disturbance, shrinkage of cytoplasm and 

the cytoplasm of most acinar cells contains 

numerous small vacuoles, pyknotic nuclei and 

devoid from zymogen granules, whereas other 

acinar cells had a little secretory granules and small 

condensed nuclei. There was decreasing in the 

number of islets of Langerhans (Fig. 4).  

     Transmission electron microscopic investigation 

of the pancreas from group II appeared presence of 

a few acinar cells have nearly normal rounded 

euchromatic nuclei compared to the control group 

although most of the acinar cells have degenerated 

nuclei characterized by pyknotic nuclei and small 

condensed heterochromatic with peripheral 

heterochromatin condensation. In addition, the 

cytoplasm of the most acinar cells were vacuolated 

with numerous electron-lucent vacuoles, and a 

fragmented rough endoplasmic reticulum (frER) 

were noticed in the most acini. Although secretory 

zymogen granules production and secretion were 

continuing in diabetic acinar cells but the number of 

zymogen granules had reduced in cytoplasm of 

most acini which had a mixture of secretory 

granules, most of them had an high electron-density 

whereas other had homogenous moderate density. 

Moreover, another acinar cells were degranulated 

and they were almost devoid of organelles (Figs. 5 

and 6).  
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Figure 4. Photomicrographs of a semi-thin section of pancreas of the diabetic group exhibiting absence 

of normal distribution in the acinar pattern structure and presence of certain degenerative 

characteristic in most acinar cells. Majority of pancreatic acini had numerous cytoplasmic vacuoles 

(*), although another acini are almost devoid of vacuoles. The cytoplasm of the most pancreatic acini 

had lost their granules zymogen granules whereas another acini have a little secretory granules (     ). 

Condensed pyknotic nuclei (arrowheads) of the acinar cells are also noticed.  Methylene blue, 400X. 

 

 
Figure 5. Transmission electron micrographs of ultrathin section of pancreatic acinar cells in diabetic 

rats showing: A- Most acini had degenerated nuclei with condensed heterochromatin around nuclear 

envelope (N) and some of zymogen granules (      ). 1100X. B- Acinar cell had degenerated nucleus (N) 

with fragmented rough endoplasmic reticulum (frER), depletion of zymogen granules with many 

vacuoles in cytoplasm .4600X. C&D- Acinar cell had degenerated (N) nucleus with degranulation of 

cytoplasm with vacuoles. C- 4600X, D- 5600X. E&F- Acinar cell had degenerated nucleus (N) with 

some of zymogen granules (        ) with vacuoles and frER. E- 5800X, F- 7900X.                                                                                                                    

Uranyl acetate and Lead citrate. 
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Figure 6. Transmission electron micrographs of ultrathin section of pancreatic acinar cells in diabetic 

rats showing: 

A- Presence of degeneration in nucleus and cytoplasm, few secretory zymogen granules (      ) and large 

vacuoles in cytoplasm (V), fragmented rough endoplasmic reticulum (frER). 7900X.  

 B, C, D, E: Degranulation of acinar cells and depletion of zymogen granules, large area of cytoplasm 

contain frER and many vacuoles. B - 13000X, C - 25000X, D - 19000X, and E- 25000X.  

 F: Acinar cells had degenerated nucleus (N) and fragmented rough endoplasmic reticulum (frER).  

25000X.                                                                                                                                                        

 

Uranyl acetate and lead citrate. 

Group III (treated with herbal combination 

only)  

    In herbal combination group, semithin section 

showed normal histological structure of pancreatic 

acini resemble control acinar cells. Most acinar cells 

had the regular-shaped nucleus and homogenous 

cytoplasm filled numerous secretory zymogen 

granules (Fig.7). Ultrastructurally, the nuclei 

showed normal and regular-shaped nucleus and 

homogenous cytoplasm with well developed rough 

endoplasmic reticulum and appearance of numerous 

secretory zymogen granules (Fig.8). 

 

 
Figure 7. Photomicrographs of a semithin section of pancreas in group treated with the herbal 

combination showing normal cytoplasm of the most pancreatic acini filled with numerous zymogen 

granules (  ). Normal nuclei (arrowheads), intralobular pancreatic duct (D), normal islet of 

Langerhans (IL).  Methylene blue, 400X. 
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Figure 8. Transmission electron micrographs of pancreatic acinar cells in group treated with the 

herbal combination group showing most acinar cells had the regular-shaped nucleus (N) and 

homogenous cytoplasm with well developed rough endoplasmic reticulum (rER) and presence of 

numerous secretory zymogen granules (    ). Also, blood capillary (Bc) and centroacinar cells were 

noticed normal in sections. A-3400X,  B- 6200X , C&D-8700X and E-24000X. Uranyl acetate and lead 

citrate. 

 

Group IV (received both alloxan and herbal 

combination) 

    Examination of methylene-stained semithin 

sections of this group exhibited regeneration of 

most lobules of pancreatic. Increased the number of 

pancreatic acinar cells which had an apical 

cytoplasm filled with numerous secretory zymogen 

granules and basal oval or regular-shaped nuclei 

(Fig. 9A). Little acinar cells still had pyknotic 

nuclei, cytoplasmic vacuoles and few or depletion 

of secretory zymogen granules (Fig. 9 B).  

    Also, examination by electron microscopic 

exhibited evident regeneration of degenerative 

changes induced by alloxan in most exocrine 

pancreatic acini. Most acinar cells had normal 

rounded euchromatic nuclei and well-developed 

rough endoplasmic reticulum with different stages 

of zymogen secretory granules synthesis graded 

from light-electron density to moderate or high-

electron density secretory granules (Fig.10, A, B, 

C&D) whereas other cells had a little secretory 

granules and another few cells still had electron-

lucent vacuoles (Fig. 10, C&E).  

 
Figure 9. Photomicrographs of a semithin section of pancreas in group received both alloxan and 

herbal combination exhibiting regeneration in the most acinar cells. A: The cytoplasm of the most 

pancreatic acini filled with numerous zymogen granules (    ). B: Few acinar cells still had pyknotic 

nuclei (arrowheads) and cytoplasmic vacuoles (V).  Methylene blue, 400X.  
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Discussion: 

     People often seek care from multiple sources 

outside the formal traditional health care system. 

One of these sources is the usage of Alternative and 

Complementary Medicine including herbal 

medications. Diabetic patients are found 1.6 times 

greater likely to use Alternative and 

Complementary Medicine than nondiabetic patients 

(31). In the current study, the effectiveness of herbal 

combination was investigated, which composed 

from five of commonly used herbal medications by 

diabetic patients in Iraq which were seeds of 

fenugreek, seeds of black cumin, rhizomes of 

ginger, leaves of olive, and seeds of ash on 

ultrastructure and cellular activity of exocrine 

pancreatic acini in diabetic rats. As well, their 

ability to regeneration of both ultrastructure and 

cellular activity of exocrine pancreatic tissue 

subsequent to the induction of diabetes for the 

reason that documentary evidence that this herbal 

combination was effective in reducing levels of 

serum sugar and urea, enhancing insulin secretion 

and caused significant gain in body weight as 

compared with diabetic control group (28). In 

addition, decreasing DNA fragmentation (27) and 

decreasing chromosomal aberrations in diabetic rats 

(26) 

          In current study, mainly of the acinar cells in 

diabetic group had a pyknotic nuclei, fragmented 

rER, few secretory zymogen granules, and 

numerous electron-lucent vacuoles. A little acinar 

cells had cytoplasm with electron-lucent areas that 

were almost lacking of organelles. The cellular 

damage was induced by alloxan that has mechanism 

of action on the cell mediated by the synthesis of 

free radicals and the oxidized products of oxidative 

stress such as reactive oxygen species (32). These 

abnormality may result from reactive oxygen 

species (ROS) formation and oxidative stress and 

hence DNA strand fragmentation, breaks, and loss 

of chromosome integrity (33).     

 

 
Figure 10. Transmission electron micrographs of a section of pancreatic acinar cells of group that 

received both alloxan and herbal combination showing: A&B: Regeneration in both nuclei and 

cytoplasm of acinar cells with numerous electron-dense secretory granules (    ) and blood capillary 

(Bc), normal cytoplasm with presence of abundant and well-developed rough endoplasmic reticulum 

(rER), and absence of vacuoles (A, B and D). A-5800X, B-125000X. C, D&E: Acinar cells had some 

secretory granules and few of electron-lucent vacuoles (V). C- 8700X, D-13000X,  E-16000X. F- Acinar 

cell had well-developed rough endoplasmic reticulum (rER). 24000X.  

N 
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Uranyl acetate and lead citrate. 

     The significant increasing in FBG in diabetic 

group due to alloxan is best-known diabetogenic 

agent for its selective cytotoxicity for β cells and 

have been widely utilized to induce type–I (32, 34, 

35) or type–II like diabetes (27,31) in experimental 

models according to the dose and number of doses. 

Also, relies on the species of animal, route of 

administration, and nutritional status (35). The 

degenerative alterations in pancreatic acini in 

diabetic-induced rats may due to increased ROS 

production which are able to oxidation alteration 

and destruction of lipid in cellular membranes, 

particularly highly unsaturated fatty acids, by way 

of lipid peroxidation, result in suppression of the 

synthesis of protein and fragility of the zymogen 

granules (36). Particularly, production of ROS has 

been revealed to be influential in the etiology of 

diabetes by acting at the following various levels: 1) 

impairing uptake of glucose and pathways of insulin 

signaling (37, 2) modifying lipid metabolism and 

metabolic parameters (38, 3) immune activation and  

raising inflammatory response (39) and (4) Both 

apoptosis and necroptosis that may culminate in 

tissue injuries in the kidneys, heart, retina, and 

nervous system (40). 

      Moreover, degranulation of acinar cells in the 

current study is likely as a result of the decrease in 

synthesis of digestive enzymes which may be 

disrupted by diabetes. This result may due to 

secretion of pancreatic enzyme may be disrupted by 

diabetes because endocrine part of pancreas is 

strongly integrated physiologically and 

anatomically with the exocrine part of pancreas and 

modulates its function (41). The synthesis of 

digestive enzymes is regulated by complex of 

neurohormonal mechanisms that excited by 

nutrients in addition to brain-gut axis have role in 

the modulation the secretion of enzyme by pancreas 

(42). Also, diabetes cause defective pancreatic 

morphogenesis, and the absence of secretin- and 

cholecystokinin may illustrate the abnormal polarity 

and inability to secretion of zymogen granules in 

exocrine pancreatic cells (43). The predominance of 

exocrine pancreatic insufficiency in patients with 

diabetes mellitus type-1 and type-2 is 37.7% and 

26.2% respectively (7). Cell growth of pancreatic 

acinar stimulated by insulin exerting trophic effects 

on the exocrine pancreas (44). These stimulatory 

and trophic insulin effects are lost in diabetes 

mellitus. Furthermore, raised levels of inhibitory 

islet hormones such as somatostatin (in nondiabetic 

subjects ranged from 43 to 97 pg/ml, in non-insulin-

dependent diabetics from 5 to 3872 pg/ml) (45) and 

glucagon (chronically elevated glucose 

concentrations increase glucagon release by 2.5- to 

4-fold, glucagon cell content by 2.5- to 3-fold, and 

proglucagon messenger RNA levels by 4- to 8-fold 

(46) also contribute to pancreatic exocrine 

insufficiency in diabetes. Further, type II diabetes 

human and rodent pancreas specimens show a loss 

of adherens junctions and desmosomes between 

acinar cells and islets, due to fibrosis and 

remodeling of the islet-acinar interface, that may 

result in an impaired function (6).  

     The degenerative alterations of the acini in 

current study were similar to those previous studies 

which recorded that the diabetes induced by alloxan 

result in a considerable structural damage in tissues 

of pancreas as disturbance in acinar pattern 

structure, shrinkage of most acinar cells, presence 

of pyknotic and vesicular nuclei,. In addition to 

accumulation of the heterochromatin along the 

nuclear envelope of the nuclei of β cells which was 

proposed that these alterations may as a result of 

shrinkage and condensation of the nuclear material 

(5, 34). The level of antioxidant enzymes critically 

affects the susceptibility of different tissues to 

oxidative stress and is connected with the 

development of complications in diabetes (47). 

Therefore, the usage of antioxidants is considered as 

one of the strategies used for treat and reduce the 

complication in diabetic patients (48). In 

comparison to the synthetic drug, natural plants 

have lesser toxicity and some are devoid of any side 

effects. Numerous plant extracts are known to 

possess antidiabetic properties that could be used in 

the remedy of diabetes mellitus (49).  

      It was an important to note that administration 

of herbal combination to diabetic rats in this study 

had minimized numerous of degenerative 

alterations in acinar cells and presence of its normal 

nuclei, rough endoplasmic reticulum, and cytoplasm 

with abundant zymogen granules. This results may 

due to antioxidant activity of herbal combination 

which had been previously reported to reduce 

effects of diabetes and cause significant reduction in 

fragmentation of DNA extracted from both renal 

cortex and white blood cells in diabetic group which 

treated with the same herbal combination (27). 

These results due to antioxidant activities which 

minimize or prevent production of free radicals. 

Moreover, treatment with this herbal combination 

significantly minimized chromosomal aberrations 

and mitotic index in all groups of treatment and for 

different period (45, 60 and 75 days) (26). 

    Plants have many phytochemicals, which may 

target multiple pathways of cell signalling 

concurrently and may act by synergistic action. The 

ascribed antihyperglycemic influences of these 

plants are in consequence of their capability to 

return the pancreatic tissues function by increasing 

output of insulin or repress the glucose absorption 

by intestine (50).   
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    Furthermore, the active compound was effective 

in the restoration of impaired beta cell functions and 

increment the releasing of endogenous insulin from 

pancreatic β-cells. In addition, significant inhibition 

(P≤0.05) was showed in the levels of FBG in treated 

group as compared with diabetic control. Also, 

improve the utilization of glucose in the tissue and 

organ; as indicated by inducing regeneration of 

pancreas and enhancement of pancreas weight (28). 

Alternatively, its action may be connected to its 

antioxidant compounds which minimize production 

of free radicals and oxidative stress in diabetic 

group (27). Moreover, it could repress most 

degenerative changes took place in testes and 

epididymis in diabetic groups administrated with 

the herbal combination (51). These results confirm 

the herbal combination could be administrated as 

drug to treat diabetes type 2 patients. Furthermore, 

this enhancement in endocrine function of pancreas 

reflected the regeneration in exocrine pancreas 

because endocrine part of pancreas is modulates 

exocrine pancreas function (43). 

   There was no ultrastructural alterations in 

exocrine pancreas of rats treated with herbal 

combination only. This results were in accordance 

with (28) who revealed that treatment of normal rats 

with the same herbal combination for 60 days 

showed nonsignificant alterations in fasting blood 

glucose, fasting serum insulin, urea levels and 

pancreas /body weight ratios.  

 

Conclusion: 
    The current study concluded that alloxan has a 

degenerative influence on the ultrastructure and 

cellular activity of the exocrine pancreatic acinar 

cells. Apparently, herbal combination has a potent 

capability to provide protection against pancreatic 

damage generated in alloxan-induced diabetic rats 

and has a therapeutic protective effect against 

diabetes. Overall, the results exhibited that the 

herbal combination used in this study have diverse 

biological actions and can be improved as a 

therapeutical on the basis of its hypoglycemic, 

antioxidant, and anti-genotoxic potential and has 

shown to provide meaningful protection against 

alloxan cytotoxicity. According to our previous and 

recent findings, herbal combination treatment may 

be innovation for both endocrine and exocrine 

pancreatic tissue regeneration in diabetes.  
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دراسة التركيب المستدق بالمجهر الالكتروني النافذ لخلايا البنكرياس خارجية الافراز في الجرذان المصابة 

 بالسكري والمعاملة بخلطة عشبية

 
 ميساء عادل هادي

 

 .العراق بابل، ،بابل جامعة العلوم، كلية الحياة، علوم قسم  

 

 الخلاصة:
ان هدف الدراسة الحالية هو التحري عن التغييرات في التركيب المستدق للعضيات الخلوية والفعالية الخلوية لاسناخ )عنيبات( البنكرياس       

خارجية الافراز في الجرذان المستحث فيها مرض السكري تجريبيا ولتقييم فائدة اعطاء خلطة عشبية في تحسين التركيب المستدق والفعالية 

والتي قسمت الى اربعة مجاميع متساوية: المجموعة  24لخلوية لجزء البنكرياس خارجي الافراز. كان عدد ذكور الجرذان المستخدمة هو ا

ملغم / كغم  120واحدة من الالوكسان داخل البريتون  )جرعة  الاولى : السيطرة والمجموعة الثانية: المجموعة المستحث فيها مرض السكري

-Trigonella foenum) لمدة ثلاثة ايام ( والمجموعة الثالثة: المجموعة المعاملة بالخلطة العشبية المتكونة من بذور الحلبة  من وزن الجسم

graecum)  وبذور الحبة السوداء(Nigella sativa)  ورايزومات الزنجبيل(Zingiber officinale)  واوراق الزيتون(Olea 

europeae) وبذور لسان العصفور(Fraxinus ssp) .مللتر من كل واحد من  0.5مللتر من الخلطة العشبية ) 2.5 اتم اعطاء كل جرذ

والمجموعة الرابعة : استحث فيها مرض السكري كما في المجموعة الثانية المستخلصات النباتية الخمسة المخلوطة المستخدمة( لمدة شهرين. 

تم معاملة البنكرياس المأخوذة من جميع المجاميع بالمعاملات الخاصة للفحص  لمدة شهرين. وعولجت بالخلطة العشبية كما في المجموعة الثالثة

ات بالمجهر الاكتروني النافذ. أظهرت نتائج الفحص للمقاطع شبه الرقيقة والمقاطع الرقيقة في الجرذان المصابة بالسكري العديد من التغيير

يمكن تلخيص هذه التغييرات التنكسية في اختلال توزيع الخلايا  نة مع مجموعة السيطرة.التنكسية في نسيج البنكرياس خارجي الافراز مقار

على ذلك، السنخية البنكرياسية وقلة الحبيبات الافرازية اضافة الى ملاحظة تفجي السايتوبلازم والنوى المتغلظة في المقاطع شبه الرقيقة. علاوة 

جزؤ الشبكة الاندوبلازمية وعدم وجود الحبيبات الافرازية في معظم خلايا الاسناخ البنكرياسية لوحظت النوى المتنكسة وتفجي السايتوبلازم وت

 في المقاطع الرقيقة. على العكس من ذلك، كانت خلايا الاسناخ في المجموعة التي أعطيت الخلطة العشبية لوحدها ذات تركيب مستدق وفعالية

بصورة جيدة مع حبيبات افرازية غزيرة. أيضا، أظهرت خلايا الاسناخ تغيرات ايجابية في  خلوية ونوى طبيعية وشبكة اندوبلازمية متطورة

 المجموعة المصابة بالسكري والمعالجة بالخلطة العشبية واستطاعت الخلطة العشبية تقليل معظم التغيرات التنكسية الناتجة من مرض السكري

ة اليومي للجرذان المصابة بالسكري لمدة شهرين استطاع ان يعطي تأثيرات واعدة المستحث بالالوكسان. نستنتج ان اعطاء الخلطة العشبي

لبنكرياس تعزى الى التأثير الوقائي الخلوي للخلطة العشبية وقابليتها عل تقليل الضرر التنكسي في التركيب المستدق والفعالية الخلوية لاسناخ ا

  وع الثاني.    خارجية الافراز في الجرذان المصابة بمرض السكري الن
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