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ABSTRACT 

The present study aimed to evaluate the protective effect of lemon grass aqueous extracts on L-
arginine-induced acute pancreatitis in rats regarding biomarkers and morphologic changes. This 
experimental study was performed on Fifty-four male albino rats were divided into nine equal groups. 
Negative control group received normal saline. Groups 2 and 3 animals were orally administered with 
aqueous extract of lemon grass 400 and 600 mg/Kg/day. While the pancreatitis was induced in the 
remain groups by L-arginine (2.5 g/kg, 2 i.p. 1hr interval), group 4 served as positive. Groups 5, 6, and 
7 were treated with L-arginine + aqueous extract of lemon grass at doses of 400, 600, and 800 
mg/Kg/day,p.o, respectively. Group 8 was received L-arginine + L-carnitine (drug) 500 mg/kg/twice a 
day p.o. Group 9 was given L-arginine + L-carnitine+ aqueous extract of lemon grass 400 mg/Kg/day, 
p.o. Rats were sacrificed after 15 days and biochemical, hematological, and histopathological 
examination were assessed. Evaluation of pancreatic superoxide dismutase (SOD), catalase (CAT), and 
malondialdehyde (MDA) were carried out. The results revealed that, treatment with lemon grass 
aqueous extract significantly reduced serum amylase and lipase levels, as well as tumor necrosis factor-
α (TNF-�) and interleukin-1� (IL-1�) cytokines.  Administration of lemon grass doses dependently 
ameliorated alters of aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, 
creatinine, nitric oxide, and histoarchitectural changes in pancrease tissues. A similar pattern for 
oxidative stress markers was noticed. Both pancreatic MDA and serum nitric oxide levels were declined 
by increasing the dosages, on contrary the pancreatic SOD and CAT elevated. Lemon grass markedly 
decreases the biochemical and histopathologic changes during the early stages of acute pancreatitis, 
thus preserving the pancreas histologically. This study concluded that using lemon grass as a tea 
beverage important in acute pancreatitis. 
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Introduction 

Acute pancreatitis (AP) is a common inflammatory disorder of the pancreas, and it remains to be 
elucidated despite significant advances over the past 25 years. In other words, pancreatitis is associated 
with auto digestion of the pancreas when pancreatic enzymes are activated before being released into 
the intestine. As a consequence of attack own tissue by these enzymes, pancreatic damage and multiple 
organ failure (Turkyilmaz et al., 2019). These symptoms have been induced with L-arginine (Ar) and 
Cerulein in animal models. Several animal researches have reported on L-arginine– induced acute 
pancreatitis (Biradar and Veeresh 2013; Pérez et al., 2015; Zhang et al., 2019 and Turkyilmaz et al., 
2019). A high dose of L-arginine occur biochemical parameters and histological changes in pancreas 
are similar to human disease (Turkyilmaz et al., 2019 and Uçmak et al., 2016). AP is caused by various 
etiological factors such as gallstones, craputence, hyperlipidemia, virus, sepsis and shock. Furthermore, 
Approximately 80% of cases are attributed to either biliary tract disease or alcoholism (Agarwal et al., 
2016).  Previous studies indicated that pancreatic oxidative stress occurs during the early stage in the 
induction of AP (Mizunuma et al., 1984 and Szabolcs et al., 2006).  

In fact, reactive oxygen species (ROS) play an important mediator in the pathogenesis of AP, and 
also there is a correlation between the production of ROS and the severity of AP. The detrimental effects 
of ROS exert their pathophysiological by directly attacking lipids and proteins at the local site of 
generation (Alsfasser et al., 2002). Moreover, depletion of pancreatic glutathione (GSH) is involved in 
the early phase of AP and influences the destroying cellular membrane, releasing digestive enzymes 
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and cellular proteins into the pancreatic interstitium. The activities of multiple antioxidant enzymes 
including glutathione peroxidase, superoxide dismutase, and catalase, and antioxidant vitamins, 
decrease the progression of pancreatitis (Cruz-Santamaría et al., 2012).  

The dietary plant polyphenol compounds have beneficial effects. For instance, they prevent 
oxidative stress; inhibit the production of free radicals and form of lipid peroxidation. In addition to, 
they have antioxidant activity mainly due to their redox properties, thereby preventing lots of diseases, 
including diabetes mellitus, hypertension, atherosclerosis, and cancer (Mattila and Kumpulainen 2002 
and Kumar et al., 2012). Lemon grass (Cymbopogon citratus) is a perennial grass belonging to family 
Graminaceae and grouped under genus Cymbopogon.  Cymbopogon citratus Stapf. (Poaceae), lemon 
grass is a widely used herb in tropical countries. Lemon grass is used as a flavor agent in food. In 
addition to, lemon grass tea is a refreshing beverage. It is a source of essential oil widely, due to the 
presence of citronellal and citral (Jeong et al., 2009), which plays a crucial detoxification and anti-
cancer roles in the body by inducing glutathione-S-transferase (GST) activity (Puatanachokchai et al., 
2002). α-citral (geranial) and β-citral (neral) components  demonstrate their antibacterial activity by 
inhibiting the growth of both Gram positive and Gram negative bacteria (Grace et al., 1984 and Boeira 
et al., 2018). Phytochemicals such as flavonoids, alkaloids, volatile and non-volatile terpenoids, 
carotenoids and tannins have been identified from lemon grass (Avoseh et al., 2015).  

Considering the above, the aim of the present study investigates the best aqueous extract from 
lemon grass and compare with L-carnitine (drug) against L-arginine induced AP.  

 
Materials and Methods

 
Chemicals 

L-carnitine (Mepaco CO, Cairo, Egypt), L-arginine was purchased from El-Goumhouria 
Company Cairo, Egypt, in the form of powder.1,1-diphenyl1-2-picrylhydrazyl (DPPH), methanol, 
ethanol, Folin-Ciocalteau (FC) reagent, Sodium Carbonate (Na2CO3), quercetin, and Gallic Acid (G.A) 
were purchased from Sigma-Aldrich in South Africa. All biochemical assay kits were purchased from 
Biodiagnostic, Egypt and Randox Laboratories Ltd, Diamond Road Crumlin, Co, Antrim, United 
Kingdom, BT294QY. All the chemicals were of analytical grade.   

 
Extraction of Lemon grass  

Lemon grass purchased from Haraz certified herbal store, Cairo, Egypt. Briefly, Whole plants 
were made into coarse powder using a commercial blender mill and passed through a 20-mesh sieve. 
The aqueous extract was prepared by soaking 100 g powder in 1000 mL boiling of distilled water for 1 
hr. Then, the extract was filtered using filter paper, and centrifuged at 4500 rpm for 10 min. The 
supernatant was concentrated using rotary evaporator at 40°C, and dried under vacuum until all the 
water had been removed to give powder. After that, it was stored in a refrigerator at -18°C for use in 
subsequent experiments (Somparn et al., 2018).  The aqueous extract yield was 3.4%.  

 
Analysis of phytochemical of lemon grass aqueous extract  

Total phenolic content was analyzed by using the Folin-Ciocalteu method described by Wolfe et 
al., (2003). Gallic acid was used as a reference standard and the results were expressed as gallic acid 
equivalents (GAE). The content of total phenolic compounds was expressed in mg gallic acid/g of dry 
lemon grass extract (mg GAE g-1). 

Total flavonoid of the extract was determined by employing aluminum chloride according to 
colorimetric assay method (Jia et al., 1999), using quercetin as a standard. The total flavonoid content 
was expressed in mg quercetin equivalent/g of dry extract lemon grass (mg EQ g-1). 

The total antioxidant activity was determined by using DPPH radical assay method (Okawa et 
al., 2001). The percentage scavenging inhibition (SI) of the test samples was calculated as:  

% scavenging inhibition (SI) = [(Absorbance of DPPH blank-Absorbance of sample)/Absorbance 
of DPPH blank] ×100 

 
Experimental animals and design 
Animals 

In this experimental study, the healthy male albino rats (150-160 g) were kept under a good 
hygienic condition and fed on basal diet (Reeves et al., 1993) and ad libitum water throughout the 
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experimental period. The rats were allowed to acclimatize to the laboratory environment for 7 days 
before the start of the experiment. All experimental procedures were conducted in accordance with the 
guide to the care, use of laboratory animals, and carried out in Food Technology Research Institute, 
Agriculture Research Center, Giza, Egypt. Body weight changes were recorded at regular intervals 
throughout the experimental period.  

After acclimatization the rats were weighed and divided into nine groups. Six animals were 
included in each group. Group 1: served as negative control and received saline. Groups 2 and 3 animals 
were orally administered with aqueous extract of lemon grass 400 and 600 mg/Kg/day. Group 4: served 
as positive control and received L-arginine. Groups 5, 6, and 7 were treated with L-arginine + aqueous 
extract of lemon grass at doses 400, 600, and 800 mg/Kg/day, p.o, respectively. Group 8 was received 
L-arginine + L-carnitine (drug) 500 mg/kg/twice p.o. Group 9 received L-arginine + L-carnitine 500 
mg/kg + aqueous extract of lemon grass 400 mg/Kg/day, p.o. Treatments were given one hour after the 
second injection of L-arginine and continued till the day of sacrifice. 

 
L-arginine-induced pancreatitis.  

Acute pancreatitis was induced by two intraperitoneal injections of L-arginine (2.5 g/kg, 1 h 
interval).  L-arginine was prepared by dissolving in 0.9% saline and the pH was adjusted to 7 with 5 N 
HCl (Biradar and Veeresh 2013). 

 
Biochemical analysis  

After 15 days, all animals were fasted for 12 h, and then the blood samples were collected from 
the animal’s eye plexus under diethyl ether anesthesia. The blood samples were allowed to clot for 20 
min at room temperature and then centrifuged for 10 min at 5000 rpm. After that, animals were 
sacrificed and the pancreatic was removed. The pancreatic tissues were washed and weighed thoroughly 
with ice-cold normal saline and homogenates were prepared in cold potassium phosphate buffer (0.05 
M, pH 7.4). The proportion of tissue was weight to homogenate using buffer 1:10. The homogenates 
were centrifuged at 5000 rpm for 10 min at 4 °C. The supernatant was used for determination superoxide 
dismutase (SOD), catalase (CAT), and malondialdehyde (MDA). The concentrations of MDA as 
proceeding of lipid peroxidation were determined according to a modified method of Ohkawa et al., 
(1979) based on the reaction with thiobarbituric acid, and was expressed as nmol g protein−1 .Protein 
concentrations were measured according to Lowry et al., (1951). CAT activity was measured by 
calculating H2O2 reduced absorption (H2O2 reduction) at 240nm, using method Aebi (1983). SOD was 
determined (1 unit of SOD activity) as the volume of homogenate that is required to scavenge 50% of 
the superoxide anion generated from the photo illumination of riboflavin in the presence of EDTA 
(McCord and Fridovich, 1969). Activities of enzymes were expressed as U/mg protein. The relative 
pancreatic weight percentage was calculated as follows ([weight of pancreatic/total body weight]. 
Serum creatinine and urea were determined by Larsen (1972) and Orsonneau et al., (1992). The serum 
α-amylase and lipase activities were measured by Bernfeld (1955) and Leybold and Junge (1986). 
Serum TNF-α, and IL-1β levels were measured by Sheehan (1989) and Durum et al., (1985) using 
enzyme-linked immunosorbent assay (ELISA). Nitric oxide level and Serum glucose were estimated 
according to Montgomery and Dymock (1961) and Trinder (1969). Alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) activities were assayed by the method of Bergmeyer and Harder 
(1986). Haematological parameters like total leucocytes count, Total Red Blood Corpuscles (RBC), 
Total White Blood Corpuscles (WBC), Haemoglobin were estimated in whole blood (Armour et al., 
1994).  
Histopathological examination  

Another pancreatic section preserved in 10% formalin and embedded in paraffin wax. Sections 
were taken and stained with hematoxylin and eosin (H&E) and photographed (Yoon et al., 2001). 
Histopathological examination was done by the histopathological laboratory of Veterinary Medicine 
Faculty, Cairo University. 

 
Statistical analysis  

The results were represented as mean ± SE with 3 replicates. These results were interpreted 
following one way ANOVA using SPSS version 16.0. Results were considered statistically significant 
at p < 0.05 (Snedecor and Cochran, 1980). 
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Results 
 

Total phenols, total flavonoids and antioxidant activity of lemon grass aqueous extract were 
presented in Figure 1. The results revealed that lemon grass aqueous extract exhibited high total 
flavonoid and antioxidant activity.  

 
Fig. 1: Total phenolic, flavonoids content and antioxidant activity of aqueous extract of lemon grass, 

Values are expressed as mean ± SE, � < 0.05 
 

After receiving a twice doses of L-arginine 2.5 g/kg, no mortality or any clinical signs were 
observed on rats during the experimental period. The effect of administration of lemon grass aqueous 
extracts on haematological parameters is illustrated in Fig. 2. It was observed that the Heamoglobin 
level and RBCs decreased in the group G4 which treated with L-arginine only. 

 

 
Fig. 2: Effect of lemon grass on Hematological values in control and experimental groups (mean ± SE, 
� < 0.05). G1: control negative; G2: 400mg/Kg lemon grass aqueous extract; G3: 600 mg/Kg lemon 
grass aqueous extract; G4: Ar (control positive); G5: Ar+400 mg/Kg lemon grass aqueous extract; G6: 
Ar+600 mg/Kg lemon grass aqueous extract; G7: Ar+800 mg/Kg lemon grass aqueous extract; G8: Ar+ 
500 mg/kg L-carnitine; G9: Ar+500 mg/kg L-carnitine+ 400 mg/Kg lemon grass aqueous extract. 

 
On the other hand, serum lipase and amylase activities were significantly high in the group G4 

compared with other groups, as shown in Fig. 3. The treatment with lemon grass aqueous extracts doses 
dependently reduced the elevation of the serum amylase and lipase activities.  
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Fig. 3: Serum lipase and amylase levels among experimental groups (mean ± SE, � < 0.05) 

 
Serum TNF-α, and IL-1β levels of the groups G1, G2, G3 were found to be significantly 

meaningful lower than the positive control (G4). Moreover, the significant differences were detected 
between the positive control (G4) and groups had lemon grass aqueous extracts (Figure 4).  
 

 
Fig. 4: Effect of lemon grass aqueous extracts on serum cytokines TNF-α, and IL-1β levels in rats. 

Values are expressed as mean ± SE, � < 0.05 
 

The effect of lemon grass aqueous extract on the biochemical parameters of experimental group 
rats was evaluated and the results are tabulated in Tables 1 and 2. The AST, ALT, glucose, urea, 
creatinine, and nitric oxide levels were significantly raised in the positive group (G4). Furthermore, the 
obtained results indicated that there were no significant differences between G1, G2, G3, G7, and G9 
concerning serum creatinine, urea and nitric oxide levels. No significant change was detected in relative 
pancreas weight values between G1, G2, G3, G7, and G8. 

The levels of the oxidative stress in the pancreatic tissue parameters (CAT, SOD, and MDA) were 
compared among the experimental groups.  As shown in Table 3, induction of pancreatitis (G4) was 
resulted in a significant rise of MDA whereas; the activities of antioxidant enzymes such as CAT and 
SOD were declined. However, the treatment with lemon grass aqueous extracts effectively relived the 
MDA levels and increased the antioxidant enzyme activities. Administration of L-carnitine+ 400 mg/Kg 
of lemon grass aqueous extract (G9) significantly restored the L-arginine evoked change in SOD and 
CAT activity and bought to normal levels.  
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Table 1: Effect of lemon grass aqueous extracts on ALT, AST, and Pancreas relative weight in 
experimental groups 

Groups  
ALT 
(U/L) 

AST 
(U/L) 

Pancreas 
relative weight 

(%) 
(G1) control negative 20.67±1.453a 19.67±1.45a 0.21±0.006a 
(G2) 400mg/Kg lemon grass aqueous extract 25.00±2.31a 20.33±3.38a 0.22±0.0049a 
(G3) 600 mg/Kg lemon grass aqueous extract 24.00±2.082a 20.00±2.31a 0.22±0.0068a 
(G4) Ar (control positive) 65.00±4.36e 80.33±2.91f 0.37±0.0017c 
(G5) Ar+400 mg/Kg lemon grass aqueous extract 45.33±3.18c 62.00±1.15e 0.27±0.006b 
(G6) Ar+600 mg/Kg lemon grass aqueous extract 41.00±3.06bc 47.67±1.45cd 0.25±0.012b 
(G7) Ar+800 mg/Kg lemon grass aqueous extract 34.67±2.03b 35.00±1.73b 0.21±0.0067a 
(G8) Ar+ 500 mg/kg L-carnitine 48.33±3.28c 51.00±3.21d 0.21±0.0074a 
(G9) Ar+ 500 mg/kg L-carnitine+ 400 mg/Kg lemon 
grass aqueous extract 

34.33±2.33b 43.33±2.40c 0.26±0.0091b 

All results are expressed as mean ± SE. Values in each column which have different letters are significantly different 
(p<0.05). 
 

Table 2: Effect of lemon grass aqueous extracts on biochemical parameters in experimental groups 
Groups Glucose 

(mg/dl) 
Urea 

(mg/dl) 
Creatinine 

(mg/dl) 
Nitric oxide 

(μmol/L) 
(G1) control negative 72.33±3.38a 20.00±1.73a 0.62±.020ab 87.67±5.78a 
(G2) 400mg/Kg lemon grass 
aqueous extract 

66.00±2.31a 22.00±3.055a 0.59±.02a 78.67±3.28a 

(G3) 600 mg/Kg lemon grass 
aqueous extract 

74.00±2.08a 22.00±1.73a 0.62±.015ab 85.67±3.48a 

(G4) Ar (control positive) 169.00±3.79e 74.00±3.21e 1.028±.099c 261.67±10.48d 
(G5) Ar+400 mg/Kg lemon grass 
aqueous extract 

140.33±4.91c 51.33±2.03d 0.73±.032b 181.67±5.55c 

(G6) Ar+600 mg/Kg lemon grass 
aqueous extract 

138.00±1.73c 34.33±2.33bc 0.62±.012ab 135.67±6.74b 

(G7) Ar+800 mg/Kg lemon grass 
aqueous extract 

95.00±2.89b 27.67±3.48ab 0.63±.015ab 80.00±35.50a 

(G8) Ar+500 mg/kg  L-carnitine 98.00±10.60b 36.67±1.76c 0.70±.012ab 123.67±13.86ab 
(G9) Ar+ 500 mg/kg L-carnitine+ 
400 mg/Kg lemon grass aqueous 
extract 

97.67±8.11b 22.67±2.03a 0.62±.02ab 97.00±9.61ab 

 All results are expressed as mean ± SE. Values in each column which have different letters are significantly different 
(p<0.05). 

 
Table 3: Pancreatic tissue CAT, SOD activity, and MDA levels in rats treated with L-arginine and 

lemon grass aqueous extracts  

Groups 
CAT 

(U/g protein) 
SOD 

(U/g protein) 
MDA 

(nmol/g) 
protein) 

(G1) control negative 77.66±2.15bc 94.504±2.89c 70.49±2.63a 

(G2) 400mg/Kg lemon grass aqueous extract 84.19±3.014ab 106.94±5.961a 74.16±2.67a 

(G3) 600 mg/Kg lemon grass aqueous extract 89.66±2.309a 104.837±2.5942ab 65.35±3.70a 
(G4) Ar control positive 17.498±2.047h 46.39±3.77f 140.89±2.96e 
(G5) Ar+400 mg/Kg lemon grass aqueous 
extract 

32.67±4.053g 64.19±2.58e 124.301±4.94d 

(G6) Ar+600 mg/Kg lemon grass aqueous 
extract 

46.071±2.036f 75.77±1.84d 120.96±2.33d 

(G7) Ar+800 mg/Kg lemon grass aqueous 
extract 

64.34±2.896de 80.53±1.403d 110.14±5.595c 

(G8) Ar+ 500 mg/kg L-carnitine 58.130±3.68e 78.59±2.91d 108.62±4.39c 
(G9) Ar+ 500 mg/kg L-carnitine+ 400 mg/Kg 
lemon grass aqueous extract 

69.64±2.081cd 95.398±2.889bc 91.96±0.889b 

Values are mean ± SE (n = 6); significant difference when compared with control (p < 0.05) 
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The results of histopathological examination of pancreas sections among experimental groups 
are shown in Figure 5.  The pancreas tissue sections showed normal morphology in all groups except 
groups 4, 5, and 8 (Fig. 5d, 5e, 5h). Rats administered with L-arginine (G4) revealed tissue damage 
characterized by vacuolation of acinar cell. Furthermore, there were vacuolation of some cells of islets 
of Langerhan’s (Fig. 5d). 

 

Fig. 5: Photomicrographs of pancreas sections of rats administered with lemon grass aqueous extract 
(H & E X 400): (a) control group showing the normal pancreatic tissue; (b, c) rats treated with 
400mg/Kg  and 600mg/Kg  lemon grass aqueous extract showing the normal pancreatic tissue; (d) rats 
treated with L-arginine showing vacuolation of pancreatic acinar cell, and vacuolation of  some cells of 
islets of Langerhan’s; (e) rats treated with L-arginine+400 mg/Kg lemon grass aqueous extract  showing 
few interstitial mononuclear inflammatory cells infiltration; (f, g) rats treated with L-arginine+ 600, 800 
mg/Kg lemon grass aqueous extract; (h) rats treated with L-arginine+ 500 mg/Kg L-carnitine showing 
slight congestion of pancreatic blood vessels; (i) rats treated with L-arginine + 500mg/Kg L-
carnitine+400 mg/Kg lemon grass aqueous extract showing the normal pancreatic tissue.   
 
Discussion 

Lemon grass could be a source of natural antioxidants with nutraceutical potential for food 
industry application. The presence of phenolic compounds contributed to the antioxidant activities of 
lemon grass (Sah et al., 2012). Several studies have illustrated that the lemon grass water extract has 
high amounts of phenolic and flavonoid compounds, the latter is found most abundantly (Somparn et 
al., 2018). Furthermore, the results showed that aqueous extract of lemon grass had high antioxidant 
activity due to the presence of phenolic and flavonoid compounds. In other words, Heat extraction of 
lemon grass may affect the antioxidant properties because of releasing phenolic and flavonoid 
compounds, these findings are in agreement with that reported by Sepahpour et al., (2018); Somparn et 
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al., (2018) and Basera el al., (2019). Flavonoid compounds contain polar hydroxyl groups which 
enhance oxidant protection and reduce lipid peroxidation. Beside that, they play a role as an antioxidant, 
free radical scavenger, anti-bacterial and anti-inflammatory agents (Sepahpour et al., 2018). Hot Water 
Extract of lemon grass has significantly higher DPPH radical scavenging ability, which lead to the 
health promoting and disease preventing abilities (Nambiar and Matela, 2012).  

The major aim of this study is to investigate the effectiveness of the biochemical and histological 
therapeutic properties of lemon grass aqueous extract on L-arginine-induced AP. Acute pancreatitis is 
initiated by the activation of various enzymes in pancreatic acinar cells, which leads to the injury of 
acinar cells, followed by the release of pro-inflammatory factors such as TNF-α, IL-1β and IL-6 (Mayer 
et al., 2000). After that, the inflammatory cells are promoted and neutrophils are accumulated in the 
pancreas. Moreover, many studies revealed that generation of ROS may play an important role in the 
progression of AP (Wang et al., 2017). In the present study, the level of neutrophils, lymphocytes, 
eosinophils, and WBC were found to be higher in rats treated with L-arginine-induced AP (G4). The 
increasing of these values may be due to releasing of IL-1β which causing inflammation. However, they 
significantly decreased with oral administration of lemon grass aqueous extracts at different doses 
which indicate the significant recovery from pancreatitis. Therefore, controlling the rapidly progressive 
inflammatory response and inhibiting the injury of pancreatic acinar cells may be beneficial to improve 
the prognosis of pancreatitis (Goel et al., 2001). Neutrophils play a central role in producing cellular 
immune response. Defects in neutrophil function increase incidence of sepsis and multi-organ failure 
and also responsible for inflammation (Du et al., 2013). Eosinophils are granule containing leucocytes 
that differentiate from stem cell precursors. In addition, it produces cytokines such as interleukins 
contributing pro-inflammatory functions. Lymphocytes are the predominant cell in chronic 
inflammation (Goel et al., 2001). Total WBC (white blood cell) plays a major role in body defense 
mechanism (Eric and Lawrence, 1996). Hemoglobin (Hb) and red blood cell (RBC) play a major role 
in the oxygen transport which lead to anaemia (Du et al., 2013). L-arginine induction (G4) led to 
significantly decrease in the values of RBC and Hb, which may be due to enhancement of oxidation of 
cellular membrane. Groups G7, 8 and 9 were treated with lemon grass aqueous extract at dose level of 
800 mg/kg, L-carnitine and 400 mg/kg + L-carnitine respectively. These treatments turned the values 
of RBC and Hb to the normal range. These results are agreed with that of Swingle and Shideman, (1972) 
and Du et al., (2013). 

Lipase and amylase activities are raised indicating of acinar cell damage; they most commonly 
used as biomarkers in AP (Grewal et al., 1994). In this study, the levels of serum amylase and lipase 
activities are significantly increased in L-arginine stimulated rats (G4), and they are alleviated by lemon 
grass aqueous extracts dependently on treatment doses. These enzymes are synthesized by pancreatic 
cells (Grewal et al., 1994). Acute pancreatitis causes injury to acinar cell, and releases these enzymes 
into blood circulation and increasing their levels. The antioxidant property of Lemon grass aqueous 
extracts may be had an ability to reduce serum amylase and lipase levels. Additionally, the best 
treatment was G3, in which rats had 600 mg/Kg lemongrass aqueous extract only. Among all 
pancreatitis groups, group 9 was the best treatment. The results show that lemon grass may improve the 
serum amylase and lipase activities. These results are in agreement with Mirmalek et al., (2016) and 
Turkyilmaz et al., (2019).  

Many studies have shown the major pro-inflammatory causes are cytokines, especially TNF-α, 
IL-1β, and IL-6. Activation of granulocytes and other pro-inflammatory mediators (proteolytic 
enzymes, Phospholipase A2, free oxygen radicals) is regulated by TNF-�, which activates intracellular 
protease (trypsinogen) and thus cellular necrosis (Yang et al., 2007). Previous studies have suggested 
that the serum IL-1β and IL-6 levels correlate with the severity of AP (Czakó et al., 1998 and Grewal 
et al., 1994). Additionally, these levels were decreased after treatment with ellagic acid (Pérez et al., 
2015). After the intraperitoneal injection of L-arginine, IL-1β, IL-6 and TNF-α are released from 
macrophages and monocytes, which causes severe damage to the pancreas (Czakó et al., 1998 and 
Grewal et al., 1994). Besides, the present study demonstrated a decrease in serum TNF-� and IL-1� 
cytokines in the groups treated with aqueous lemon grass extracts bringing their levels closely to the 
normal range. Moreover, these results showed no significant difference between G7 and G9 (IL-1�), 
and between G1 and G9 (TNF-�). These results were confirmed by histopathological evaluations. When 
TNF-� is alleviated by lemon grass aqueous extract, consequently lipase and amylase levels are 
decreased and acinar cells have begun the cure process accordingly.  
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 Uçmak et al., (2016) tested Silybin, and Yılmaz et al., (2016) used Ethyl pyruvate. Both of them 
reported similar results to this study revealing that, administration with L-arginine induced acute 
pancreatitis in a rat model. Pancreatic acinar cells are the primary source of TNF-α during the early 
phases of AP (Qiu et al., 2015). In response to TNF-α arising from acinar cells, an intricate sequence 
of events involving the tissue vasculature and inflammatory cells developed (Malleo et al., 2007 and 
Qiu et al., 2015). 

The Results of the present study demonstrated that the administration of lemon grass aqueous 
extracts significantly restored the AST, ALT, and glucose level changes caused by acute pancreatitis. 
Moreover, renal function in experimental animals was alleviated based on urea and creatinine level 
determination for lemon grass aqueous extracts treated groups. Saenthaweesuk et al., (2017) reported 
that the activity of AST and ALT was significantly improved among rats treated with 1000 mg/kg/day 
lemon grass extract for 30 days in paracetamol induced hepatotoxicity. The current study is agreed with 
Hasan et al., (2015) who showed that L-arginine markedly increase the content of NO in treated rats 
compared with the normal rats. And then NO highly react with free radical, by an enzymatic pathway 
(NO synthase) originally demonstrated in vascular endothelial cells (Hegyi et al., 2004). Furthermore, 
NO reacts with superoxide anion to form peroxynitrite (Radi, 2013). According to the results of the 
present study, there was significantly decrease in serum nitric oxide level in groups have lemon grass 
aqueous extracts that was accompanied with significant relief in pancreatic inducible nitric-oxide 
synthase level as compared to group 4 which treated with L-arginine. As a result, NO as a radical that 
can be directly was scavenged by flavonoids. This obtained data is in agreement with results reported 
by van Acker et al., (1995), which showed that flavonoids ameliorate NO radicals which produce the 
most irreversible damage to the cell membrane. Additionally, Akan Yenicerioglu et al., (2013) showed 
that the levels of AST, ALT, amylase, LDH, TNF-α, IL-1β and IL-6, and pancreatic tissue edema, 
hemorrhage, acinar cell necrosis and level of perivascular inflammation were significantly lower in the 
treated group with Trimetazidin than the group treated with L-arginine 250g/100g. 

Peroxidation of membrane lipids by ROS releases toxic byproducts such as MDA, which leads 
to activation of complement cascade, other cytokines as a final consequence (Qiu et al., 2015), hence it 
is considered as a marker in early stages (Meher et al., 2015 and Mirmalek et al., 2016). Additionally, 
high production of ROS may damage cells by causing protease activation and lipid peroxidation (Mettu 
et al., 2003 and Chatterjee, 2007). Under normal conditions, accurate the balance between oxidants and 
antioxidants is critical for the maintenance of normal function in a biological system. (Sezer et al., 
2012). SOD is an important antioxidant enzyme, as well as the primary defense of the antioxidant 
system. It plays a crucial role in the detoxification of superoxide radicals to hydrogen peroxide (Qiu et 
al., 2015). In the current study, the pancreatic SOD and CAT activities significantly decreased in the 
rats treatment with L-arginine-induced AP (G4). Whereas the G2 and G3 Groups which administrated 
with aqueous extract of lemon grass (400 and 600 mg/kg) exhibited the improvement in both 
histopathological and pancreatic antioxidant enzyme activities (SOD and CAT), as well as MDA. The 
MDA level was declined by dosages increasing, on contrary pancreatic SOD and CAT activities were 
elevated by increasing dosages. These findings suggest that lemon grass aqueous extracts treatment may 
help ameliorate pancreas injury in L-arginine–induced acute pancreatitis. This was evidenced by 
histopathological assessment and the significant increase in levels of pancreatic enzymes SOD and 
CAT. Lemon grass aqueous extract have strong free radicals scavenging ability that may be due to its 
flavonoid contents which act as radical scavengers, reducing agents, and hydrogen donors. Therefore, 
it will be helpful to improve the body’s antioxidant defenses system by increasing pancreatic antioxidant 
levels and reduce the free radical mediated diseases. The antioxidant defense consists of SOD, CAT, 
and glutathione peroxidase (Meher et al., 2015). Although, SOD prevents lipid peroxidation and it has 
a protective role in tissue necrosis (Abu-Hilal et al., 2006). In the acute pancreatitis SOD activity 
decreases (Meher et al., 2015 and Mirmalek et al., 2016). Some authors reported that carvacrol reduced 
MDA levels as well as AST, ALT, and LDH. On the other hand, SOD and CAT activities in the treated 
group were higher (Bakır et al., 2015). Somparn et al., (2018) showed that consumption of lemon grass 
aqueous extract reduces the atherogenic index and enhances the serum antioxidant capacity, thereby 
indicating its potential in reducing the risks of cardiovascular diseases. In the same way, the results of 
the current study support the research hypothesis that the systemic administration of aqueous lemon 
grass extracts would reduce the pancreatic oxidative damage. Wang et al., (2017) reported that 
resveratrol effectively improves the survival rate of rats, relieves the inflammatory response and 
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decreases the acinar necrosis in rat model of acute pancreatitis induced by L-arginine. The results of 
current study are in the line with the previous studies Bakır et al., 2015; Wang et al., 2017; Hasan et 
al., 2015; Zhang et al., 2019 and Turkyilmaz et al., 2019.  

On the other hand, in group (G4) which pancreatitis was induced by L-arginine, a failure in the 
microcirculation was observed which led to a histopathologically significant increase vacuolation in 
acinar cell, and vacuolation of some cells of islets of Langerhan’s in the pancreatic tissues of experiment 
rats. These changes in islets of Langerhan’s cause the slight increase in the level of glucose. Moreover, 
pancreatic sections were found inflammatory cell infiltration in group G4, G5. Whereas, administration 
of aqueous lemon grass extracts in treated groups demonstrated a significant decrease in these 
inflammation and glucose level close to normal range. This data represents an important additional 
mechanism whereby lemon grass extracts protect the pancreas from ROS and inflammatory damage. 
Further studies showed that IL-1β, IL-6, TNF-α, and free oxygen radicals increased the permeability of 
vessels and the disruption of microcirculation (Yılmaz et al., 2016 and Zhang et al., 2019). These 
functional disorders, unless they corrected appropriately, a damage intestine barriers which allow the 
transition of endotoxins and intestinal bacteria into the blood stream, resulting in multi organ disorder 
and failure caused by the infection (De Campos et al., 2007). Yılmaz et al., (2016), Uçmak et al., (2016) 
and Hasan et al., (2015) used different materials (ellagic acid, Silybin, and L-carnitine, respectively) 
and all of their findings are similar to the present study in experimental models of rat AP.    

In the current experiment, the results revealed that L-carnitine relieve the acute pancreatitis. On 
other hand, it has side effects. For instance, it caused a little increase in the activities of liver enzymes, 
urea levels and this exhibited in slight congestion of pancreatic blood vessel. Izgüt-Uysal et al., 2003 
reported that L-carnitine is a powerful antioxidant drug that has potent beneficial effect in several 
pathological conditions. Moreover, treatment with both meloxicam and L-carnitine is more effective 
which is attributed to augmentation of their antioxidant and anti-inflammatory effects (Hasan et al., 
2015). In this study, consumption of aqueous lemon grass extracts prevents pancreatic inflammation by 
reducing oxidative stress, which is often attributed to the antioxidant activity of the phytochemical 
constituents, mainly the flavonoids and phenolics.  The major polyphenolic compounds of lemon grass 
are rutin, isoquercetin, catechin and quercetin as reported by Somparn et al., (2018).   

In conclusion, oral administration of aqueous lemon grass extracts showed that high antioxidant 
activity which could be helpful in relief of inflammation and oxidative stress in pancreatitis. The healing 
effects of lemon grass aqueous extracts were confirmed by the biochemical and histopathological 
evaluations of the pancreatic tissue. Additionally, boiling of lemon grass for preparing tea (aqueous 
extract) before drinking is very important to allow both simple and complex soluble phenols and 
flavonoids to more filtrate providing more antioxidant activities. 
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