
 Aspirin, or acetylsalicylic acid, is included in the cate-
gory of non-steroidal anti-inflammatory molecules (NSA 
IDs) due to its anti-inflammatory, anti-thrombocyte, anal-
gesic, and antipyretic effects, but long-term use is associa-
ted with various adverse effects (hepatotoxicity, nephroto-
xicocity, gastrointestinal ulcers, and even kidney cancer). 
Along with aspirin, omeprazole is one of the most pre-
scribed classes of drugs being used in stomach ulcers, with 
or without infection, with Helicobacter pylori, in gastroeso-
phageal reflux, Zollinger-Ellison disease, dyspepsia, eso-
phagitis and gastritis. A problem faced by clinicians in these 
cases is hepatotoxicity and harmful effects on liver en-
zymes and lipid profile, knowing that NSAIDs can become 
hepatotoxic, with asymptomatic increases in serum trans-
aminases and alkaline phosphatases, or hepatic / cholesta-
tic or mixed cytolysis. Therefore, the parameters of serum 
transaminases are important to track, and their increase 
can be a certain sign of early warning and are considered 
relevant indicators of liver toxicity. Certain biochemical 
markers; alanine-aminotransferase (ALT), aspartate-ami-
notransferase (AST), alkaline phosphatase (ALP) and bili-
rubin can help diagnose liver damage. An enzyme that is 
mainly present in the liver, but also in the kidneys, and that 
participates in the oxidative deamination of glutamate is 
glutamat dehydrogenase. (GLDH). The present study pro-
poses testing the effect of the extracts of Angelica keiskei, 
Curcuma longa and Royal jelly, known with anti-inflamma-
tory, antioxidant, chemoprotective, tissue protective, anti-
bacterial, antifungal, antiviral, immunomodulatory, and 
antineoplastic properties in liver stress induced by aspirin, 
correlated with the parameters of transaminases and lipid 
profile, at the level of the liver. The present study, designed 
on a murine model on 48 mice from the BALB/c line, comes 
to add information related to the administration of certain 
biological preparations with potential hepatoprotective and 
hypolipidemic activity and that the short-term administra-
tion of aspirin, does not lead to chronic hepatotoxic effects.
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 Aspirina sau acidul acetilsalicilic este inclusă în ca-
tegoria moleculelor antiinflamatoare nesteroidiene 
(AINS) datorită efectelor sale antiinflamatorii, anti-
trombocitare, analgezice și antipiretice, dar utilizarea 
pe termen lung este asociată cu diverse efecte adverse 
(hepatotoxicitate, nefrotoxicitate, ulcere gastrointes-
tinale și chiar cancer de rinichi). 
 Alături de aspirină, omeprazolul este una dintre 
cele mai prescrise clase de medicamente fiind utilizat 
în ulcerele gastrice, cu sau fără infecție, cu Helicobac-
ter pylori, în refluxul gastro-esofagian, boala Zollin-
ger-Ellison, dispepsia, esofagita și gastrita. 
 O problemă cu care se confruntă clinicienii în aces-
te cazuri este hepatotoxicitatea și efectele nocive asu-
pra enzimelor hepatice și a profilului lipidic, știind că 
AINS pot deveni hepatotoxice, cu creșteri asimptoma-
tice ale transaminazelor serice și ale fosfatazelor al-
caline, sau mixte hepatice/colestatice, citoliză, prin 
ur-are, parametrii transaminazelor serice sunt impor-
tanți de urmărit, iar creșterea lor poate fi un anumit 
semn de avertizare timpurie și sunt considerați indica-
tori relevanți ai toxicității hepatice. 
 Anumiți markeri biochimici, alanina-aminotrans-
feraza (ALT), aspartat-aminotransferaza (AST), fosfa-
taza alcalina (ALP) si bilirubina pot ajuta la diagnosti-
carea leziunilor hepatice. O enzimă care este prezentă 
în principal în ficat, dar și în rinichi și care participă la 
dezaminarea oxidativă a glutamatului este glutamat 
dehidrogenaza (GLDH). 
 Prezentul studiu propune testarea efectului ex-
tractelor de Angelica keiskei, Curcuma longa și Lăpti-
șor de matcă, cunoscute cu proprietăți antiinflama-
toare, antioxidante, chimioprotectoare, protectoare 
tisulare, antibacteriene, antifungice, antivirale, imu-
nomodulatoare și antineoplazice în stresul hepatic 
indus de aspirină, corelat cu parametrii transamina-
zelor și a profilului lipidic, la nivelul ficatului. 
 Prezentul studiu, conceput pe model murin, pe 48 
de șoareci din linia BALB/c, vine să adauge informații 
legate de administrarea anumitor preparate biologice 
cu potențială activitate hepatoprotectoare și hipolipi-
demiante și că administrarea pe termen scurt a aspiri-
nei nu duce la efecte hepatotoxice cronice.
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The liver is an important metabolic organ that per-
forms numerous vital functions. The physiological and 
biochemical processes of the body are dependent on 
the disorders of the liver: hepatitis B and C, alcoholic 
liver disease,non-alcoholic fatty liver diseases (NAF 
LD), liver cirrhosis, liver failure, and hepatocellular 
carcinoma (46). The liver is the central organ that c ls 
lipid homeostasis through complex but well-controlled 
biochemical and cellular signalling pathways. The 
biochemical and metabolic functions of the liver are 
controlled by hepatocytes, which are the main paren-
chymal cells of the liver. Hepatocytes control, inclu-
ding triglyceride metabolism. Additional types of cells 
inside the liver include Kupffer cells, cholangiocytes, 
star cell, and endothelial cells with specialised func-
tions in liver physiopathology. (46).

One of the most common causes of liver failure, 
drug-related hepatotoxicity is one of the biggest pro-
blems facing clinicians. Hepatotoxicity is caused by se-
veral mechanisms, including disruption of cell mem-
branes, initiation of an immune response, alteration of 
cellular pathways of drug metabolism, accumulation 
of reactive oxygen species (ROS), lipid peroxidation, 
and cell death (19). Aspirin is classified in the category 
of non-steroidal anti-inflammatory agents (NSAIDs), 
also known as acetylsalicylic acid (ASA). The mole-
cule, cheap and affordable, remains among the most 
widely used non-steroidal anti-inflammatory (NSA 
ID). Aspirin is used for a variety of purposes, including 
anti-inflammatory (in joint conditions), anti-throm-
bocyte (in cardiovascular conditions), analgesic, and 
antipyretic (1,19).

Nephrotoxicity, hepatotoxics, gastrointestinal ul-
cers, kidney cancer, and other adverse effects on se-
veral organs have sometimes been linked to long-term 
use of aspirin in treatments. Dose-dependent inhibi-
tion of cytoprotection by higher doses of aspirin ampli-
fies the risk of bleeding and perforation. Aspirin admi-
nistration over a longer period of time has caused sig-
nificant histopathological changes in the liver, by inhi-
biting cytoprotective factors in the stomach mucosa, 
which can lead to new lesions of the mucous mem-
brane or worsen existing ones (19,27,30).

Several studies have confirmed the toxicity of as-
pirin to the liver. ASA is metabolised by conjugation 
mechanisms in the liver to form salicylic acid and seve-
ral metabolites with hepatotoxic potential. ASA dis-
perses throughout the body after ingestion, and the 
highest concentrations found are in: blood plasma, li-
ver, renal cortex, heart, and lungs (1,2).

Proton pump inhibitors (IPPs), such as omepra-
zole, are among the most commonly prescribed 
classes of drugs. These pump inhibitors are indicated 
for the treatment of ulcers, with or without Helicobac-
ter pylori infection, for treating gastro-oesophageal 
reflux, Zollinger-Ellison disease, dyspepsia, oesopha-
gitis, and gastritis, and for the prevention of peptic ul-
cer in patients receiving non-steroidal anti-inflamma-
tory agents (NSAIDs) as well as those with upper gas-
trointestinal bleeding (26,42). 

Omeprazole's mechanism of action involves effec-

tively suppressing the secretion of gastric juice 
through specific inhibitions of H+K+-ATP-gastric acid. 
This proton pump is located in the secretory mem-
branes of the parietal cell of the gastric mucosa and 
constitutes the final stage of acid secretion; however, 
hepatotoxicity of omeprazole has been very rare (26).

The mechanism of liver pathology is an important 
tool for identifying and characterising liver lesions, 
whether or not clinical biochemical changes are iden-
tified. The main patterns of liver damage resulting 
from a phenomenon of hepatotoxicity may include: 
zonal necrosis, hepatitis, cholestasis, steatosis, gra-
nuloma, vascular lesions, neoplasm, and occlusive ve-
nous diseases. The most common hepatotoxic pheno-
menon is steatosis. This type of liver injury may ma-
nifest itself as an accumulation of triglyceride mole-
cules (48) leading to either small drops (microve-
sicular build-up) or large droplets (macrovesiculary 
build-up) in the liver. Aspirin, ketoprofen, tetracycline, 
nucleoside reverse transcriptase inhibitors, and 
valproic acid plants of the Scutellaria species may lead 
to microvesicular steatosis, while acetaminophen and 
methotrexate can lead to macrovezicular steatosis. 
(8, 25, 26).

From another perspective, amiodarone, chlorphe-
niramine can cause phospholipidosis (7) if the accu-
mulation of phosfolipids leads to a similar pattern, with 
diseases with hereditary defects of phospholipid me-
tabolism (41). Liver lesions can be diagnosed by cer-
tain biochemical markers, such as alanine amino-
transferase (ALT), aspartataminotransférase (AST), 
alkaline phosphatase (AlP), and bilirubin.

Increases in serum enzyme levels are taken as re-
levant indicators of liver toxicity, while increases in 
both total and conjugated bilirubin levels are mea-
sures of the overall liver function. An increase in trans-
aminase levels in combination with an increase in bili-
rubin levels to more than twice the upper normal level 
is considered a relevant marker for hepatotoxicity 
(39). Other studies have demonstrated RJ's hepa-
toprotective action in vivo in non-alcoholic fatty liver 
diseases. Oxidative stress in liver cells plays a signi-
ficant role in the pathophysiology of this condition. 
Other treatments performed on laboratory rats, admi-
nistered intragastrically with multiple doses of RJ; 
150, 300, and 450 mg/kg BW), showed that RJ was 
effective in relieving liver steatosis and improving the 
serum fat profile. All these positive effects have arisen 
due to the antioxidant effect of RJ and can be attri-
buted to various biological mechanisms, among which 
the most important may be the ability of the RJ to 
increase the enzymatic activity of liver-specific anti-
oxidant enzymes, thereby reducing levels of oxidative 
stress (6,7,11). As a general mechanism of action, 
non-steroidal anti-inflammatory agents act by inhi-
biting cyclooxygenase (COX), an enzyme that turns 
arachidonic acid into prostaglandins, being a pain me-
diator. (4). Two isoenzymes of cyclooxygenase (COX-1 
and COX-2) are generally recognised; COX-1 is in-
volved in the gastric protection from gastric acid and in 
the formation of tromboxane by platelets. COX-2 is 
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induced by inflammatory mediators in a wide variety 
of conditions and has been associated with inflamma-
tion, but can also contribute to processes related to re-
nal physiology, reproductive function, bone resorp-
tion, and neurotransmitters (5,44).

Within the metabolism of triglycerides, the bonding 
of triglyceride molecules (TG) is the main way through 
which the liver stores and exports fatty acids. Under 
normal conditions, the liver stores little triglycerides 
(TG), but exports considerable amounts in the form of 
VLDL (very low-density lipids), which supply fatty a-
cids to muscle tissue, depending on their nutritional 
status. Previously, it was believed that excess triglyce-
ride molecules (TG) in the establishment of non-alco-
holic fatty liver disease (NAFLD) contribute to lipotoxi-
city, but new concepts suggest that increased triglyce-
ride storage (TX) and VLDL secretion are, instead, 
protective. (14,20).

Cholesterol (CHL) is a basic component of all cell 
membranes and a precursor of several hormones, vi-
tamins, and bile acids, being an essential molecule for 
the body. Although cholesterol (CHL) plays an impor-
tant role in the body, its accumulation at high plasma 
levels is a risk factor for the development of athero-
sclerosis (2,46). Cholesterol homeostasis is mediated 
by 3 main pathways: biosynthesis, absorption from 
the intestine, and elimination as bile acids. Excessive 
intake of cholesterol increases catabolism to bile 
acids. Liver cholesterol metabolism is associated with 
triglyceride metabolism (15,47).

Herbal extracts and supplements generally show a 
wide range of beneficial effects, including anti-infla-
mmatory, antioxidant, chemoprotective, antibacteri-
al, antifungal, antiviral, immunomodulatory, antineo-
plastic, anti-aging and antidepressant properties, as 
described in the literature and by other authors (3, 
12). The literature, confirmed that Angelica keiskei 
provides good results in the studies of prevention of 
obesity, hepatoprotection, diabetes mellitus, and in-
creased plasma antioxidants, in patients with metabo-
lic syndrome (46). The predominant components in 
Angelica keskei, including 4-hydroxiderricine (4-HD), 
isobavachalcona, xanthokeismine A, and xantoangelol 
B, E, D, and F, have been to possess a wide range of 
pharmacological qualities, including antioxidant and 
anti-inflammatory potential. Metabolomic and lipide-
mic analyses of human plasma showed that five com-
ponents of Ak, including 4-HD, are responsible for pre-
ventive effects against liver disease, type 2 diabetes, 
obesity, and atherosclerosis (8, 36).

Curcumin is the main active polyphenolic compo-
nent in turmeric. Curcumin is found mainly in the roots 
and rhizomes of the turmeric plant (Curcuma longa). 
Curcumin can be administered in the form of turmeric, 
curcuma extracts, essentially pure (95%) curcumino-
ids, or curcumin alone (43). Curcumin, the main sub-
stance, also known as the “yellow pigment of turme-
ric" has anti-carcinogenic, anti-inflammatory, hepato-
protective, and antioxidant properties. The protective 
effects of curcumin on the liver are attributed mainly 
to its antioxidant properties. Studies have shown that 

curcumin consumption leads to a decrease in structu-
ral changes in the liver and total bilirubin in the activi-
ties of ALT, AST, and GLDH and an increase in serum 
proteins (42,48). Royal jelly contains about 185 orga-
nic compounds, with royalactin being the most impor-
tant protein present in royal jelly (22,24,40). The he-
pato-renal protective effect of royal jelly, is another 
good alternative for the treatment of liver and kidney 
dysfunctions. Administration of Royal Jelly for seven 
days as a hepatoprotective agent improved severe 
liver damage induced by anti-inflammatory drugs in 
mice (3, 10, 23). Macroscopic observations, especially 
histopathological observations and investigation of 
clinical biochemistry parameters, allow confirmation 
of hepatotoxicity. Hepatotoxicity can be characterised 
in two main groups, each with a different mechanism 
of lesion: hepatocellular and cholestatic (17, 31). 

The aim of this study is to observe the influence of 
acetylsalicylic acid (ASA), administered for 3 consecu-
tive days, on the liver enzymes, alanin-aminotransfe-
rase (ALT), aspartate-aminotransferase, glutamate 
dehydrogenase (GLDH), and lipid profile, cholesterol 
and triglycerides, in a line of laboratory mice, BALB/c, 
treated for 7 and 14 days, respectively, with herbal 
products (Angelica keiskei, Curcuma longa), royal je-
lly, as well as with omeprazole.

MATERIALS AND METHODS

Authorisation of the Bioethics Commission
The study was approved by the Bioethics Commi-

ttee of USAMVB Timișoara, Romania, under No. 140/ 
02.11.2022, being in accordance with all domains' 
national and international relevant regulations, all 
methods being reported in accordance with ARRIVE 
guidelines. Rodents were placed for seven days before 
beginning to adapt to laboratory settings in agreement 
with the UE Directive 2010/63/EU, upon the treat-
ment of animals used for research purposes (16, 32).

Animals and Experimental Design
In the study were included 48 clinically healthy 

male and female mice, randomly chosen, from the 
BALB/c line, all with uniform weight (33±2g), aged 3-
3.5 months. Animals were kept in a controlled envi-
ronment and housed in standard polycarbonate cages 
(n = 8) (l × w × h = 750 × 720 × 360 mm) and fed ad 
libitum with the usual diet destined for rodents (Diet, 
Biovetimix, code 140-501, Romania). The tempera-
ture in the bio-base was 22 ±2°C and the relative hu-
midity was 55 ±10%. The animals were exposed to a 
12/12 h light-dark cycle.

The animals were divided into 6 experimental 
groups, as described in Fig. 1.

The 48 individuals included in the study were divi-
ded into 6 experimental groups (n = 8), and in order to 
induce liver stress, they received for three days, by 
oral gavage, a dose of aspirin of 300 mg/kg.BW. After 
the three days, the groups were treated with biological 
preparations that are known to have anti-inflamma-
tory and hepatoprotective properties. 
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Fig. 1. Experimental design (T.0 = time of start of ad-
ministration; T.1 = serum sampling 7 days; T.2 = 14-
day sample harvesting). G1 (lot control) = received 
aspirin (ASA), dose = 300 mg/kg.BW., the first three 
days / once a day p.o.; G2 = received Angelica keiskei 
(AK), in the dose of = 2 mg/mouse, b.i.d. (bis in diae = 
twice a day) p.o.; G3 = received Curcuma longa (CU), 
dose = 7 mg/mouse, p.o., b.i.d.; G4 = received Royal 
Jelly (LM/RJ), 0.2 mg / mouse, p.o., b.i.d.; G5 = Mixed 
administration group (dose: 2 mg AK + 7 mg CU + 0.2 
mg RJ/LM) / mouse; G6 = omeprazole (O), 20 mg/kg. 
BW, intra-peritoneal, once a day for 14 days

Aspirin is an essential drug molecule in human me-
dicine, but less widely used in veterinary medicine. For 
this reason, Group 6 received omeprazole as treat-
ment, because it is an established treatment for trea-
ting or preventing the occurrence of complications 
associated with the long-term administration of aspi-
rin and is a classic treatment in the treatment of peptic 
ulcer.

Group 1 (Control group), aspirin only, for the first 
3 days in a row, then the mice were administered only 
water ad libitum, until the end of the experiment. 

Group 2 received Angelica keiskei extract for 14 
days, dose = 2 mg/mouse. The administration was ca-
rried out twice a day, in gavage (bis in diae = b.i.d.)

Group 3 received 14 days of Curcuma longa pow-
der, dose = 7 mg/mouse. The administration was ca-
rried out twice a day, in gavage, (b.i.d.). 

Group 4 received royal jelly for 14 days, dose = 
0.2 mg/mouse, in gavage,  (b.i.d.). 

Group 5 received the combination of the three pre-
parations (AK, CU, LM/RJ in gavage, in dose=2 mg AK 
+ 7 mg CU + 0.2 mg LM/RJ/mouse), in gavage, (b.i.d.). 

Group 6 was treated with omeprazole alone (20 
mg/kg.BW), intra-peritoneally, once a day, for 14 days 
(Fig. 1).

The studied plants and molecules
Curcuma longa extract was purchased from Lipo 

Life Oradea, Romania, under the trade name of Lipo-
somal Curcumin C3 complex (Drakes Lane Industrial 
Estate, Boreham, UK) (lot UELE 1707). In the concen-
tration of 2% active substance (where 5 ml of extract 
contains 100 mg, 95% curcumin and curcuminoids, so 

100 ml contains 2 g of active substances).
Angelica keiskei (Ashitaba Powder) powder was re-

ceived as samples in standardised form of 99.99% 
pure powder, in 10 g sachets, directly from the manu-
facturer, under the name of ChalCurb-P8, (Japan Bio 
Science Lab. Co. Ltd. Osaka, Japan) (lot IACA 9910).

Royal jelly was purchased from the "Veceslav Har-
nas S.A." Beekeeping Complex, Bucharest, Romania. 
The 2 ml ampoules contain 0.2 g of pure freeze-dried 
royal jelly (lot 1/1515). The dose was calculated a-
ccording to the manufacturer's instructions and after 
extrapolation of the dose.

In the case of Curcuma longa, Angelica keiskei, and 
royal jelly, the doses were calculated per animal by 
extrapolating the doses after body surface's area, u-
sing the Löwe's rule doses calculated for an individual 
were: 2 mg for Angelica keiskei, 7 mg for Curcuma lon-
ga, and 0.2 mg for Royal Jelly (13).

The drug molecules administered were: 
Acetylsalicylic acid, chosen for our study, was the 

most soluble variant under the trade name of Alka-
Seltzer (A.P.P. Bayer SRL, Bucharest, Romania) (lot BT 
14001) and had a composition of 324 mg/tablet. In the 
case of aspirin, the calculated dose was 300 mg/ kg. 
BW, doses taken using data from the literature (37). 

Omeprazole was purchased under the trade name 
Omez (Dr. Reddy's Laboratories, Bucharest, Romania) 
(lot 01733), each vial of powder for infusion contained 
40 mg of omeprazole and excipients. The dose of ome-
prazole was calculated at 20 mg/kg. BW and was ad-
ministered intraperitoneally throughout the treatment 
(14 days), and it was chosen using data from the lite-
rature (42).

Biochemical investigations
After 7 days (T1) in which the preparations were 

administered, half of the individuals of each group had 
their blood collected, and were euthanized. The same 
was done after 14 days (T2) of treatment. The liver, 
kidney, spleen, and stomach were harvested to be u-
sed in the cytohistological study.

Before the blood was drawn, the mice were kept on 
a fast for 8-12 hours. Blood was collected from the 
heart after anaesthesia (dose: ketamine 50-100 mg/ 
kg.BW., i.m., xylazine 2-8 mgc/kg.BW., i.m.). The 0.5 
mL blood was collected and transferred to a 1.5 mL 
Eppendorf tube without anticoagulant. To obtain the 
serum, after 30 minutes, the blood sample was centri-
fuged at 2400 rpm and 27°C, for 30 minutes. The se-
rum was stored in the freezer (-4 °C) until biochemical 
analysis.The concentrations of triglycerides (TG), cho-
lesterol (CHOL), alanine aminotransferase (ALT), as-
partate aminotransferase (AST), and glutamate dehy-
drogenase (GLDH) were measured with the Randox 
Daytona Plus automatic biochemistry analyzer (Ran-
dox, Crumlin, U.K.), using the appropriate commercial 
kits (Randox,Crumlin,U.K). Calibration was performed 
with Randox Calibration Serum Level 3 (Cat. No. CAL 
2351), and QC charts for reference materials were 
created using two levels of control serum: Randox 
Assayed Multisera Level 2 (Cat. Not. HN 1530) and re-
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spectively level 3 (Cat.No. HE 1532).

Statistical Analysis
The statistical software used was Graph Pad Prism 

6.0 for Windows (Graph Pad Software, San Diego, 
USA). Values were expressed as mean ±SEM (Stan-
dard Error of Means). The estimation of the difference 
between groups was ascertained using two-way ana-
lysis of variance (ANOVA) with Tukey's multiple com-
parison tests. The statistical values were considered 

* **as follows: 0.01 ≤p<0.05, significant; 0.001≤p< 
***0.01, highly significant; p<0.001, very high signifi-

cant; ns: not significant.

RESULTS AND DISCUSSIONS

Biochemical marker analysis
Table 1 shows that there were no high serum values 

of the analysed markers compared to the reference 
values for the BALB/c line. Alanine-transferase (ALT), 
in the group that received only aspirin for 3 days, the 
average values registered the value of 55.93 U/L, fa-
lling within the reference value. Comparing the ave-
rage value of lots, there was a slight increase in values, 
but not more than 20%. On day 14, the values fall 
within the reference ones, with a slight increase only in 
the case of the group that received A. keiskei. Com-
pared to the ALT values on day 7, they are slightly hi-
gher, not within normal parameters; however, it ca-
nnot be deduced with certainty that biologics and 
omeprazole led to their increase and that there would 
be liver damage. Aspartate-aminotransferase (AST) 
tends towards the upper limit compared to the refe-
rence limits. In the case of the group that received An-
gelica keiskei for 7 days, there was an increase in AST 
of almost 50% compared to the reference values, and 
even more, compared to the Control group, which re-
ceived only aspirin. For 14-day values, serum values 
were lower in all groups except the group that received 
aspirin, but the differences were not significant. Given 

that, in addition to the liver, this enzyme is also found 
in other organs such as the heart, muscle, brain, and 
kidneys, damage to any of these tissues can cause an 
increase in blood levels (34). Glutamate dehydroge-
nase (GLDH), in the case of the group that received 
Royal Jelly, recorded mean serum levels double com-
pared to the Control group. At 14 days, there is an in-
crease in the groups treated with A. keiskei, C. longa, 
and mixed administration, and in this case, we can 
deduce that there could be hepatocellular damage in 
the scenario of long-term administration of these bio-
logical products. This result is in line with the data in 
the literature where it is known that GLDH activity in-
creases with hepatocellular deterioration, and in ro-
dents, increases in GLDH activity have been reported 
to be of a much higher magnitude and to have a grea-
ter persistence over time after administration of liver 
stressors (4, 9, 34). 

Cholesterol in general showed values above the re-
ference levels, but triglycerides were within the para-
meters for all groups. Although cholesterol (CHL) has 
an important role in the body, its accumulation at high 
levels in plasma is a risk factor for the development of 
atherosclerosis and other metabolic diseases, but in 
association with normal triglyceride values, it cannot 
be confirmed with certainty that higher cholesterol 
values were influenced by the administration of aspi-
rin, omeprazole, or administered biological products 
(2, 47). In this case, cholesterol can also have a pro-
tective effect, with additional clinical parameters (LDL 
/HDL - low density lipids/high density lipids) that could 
show with certainty whether higher cholesterol levels 
have a harmful hepatocellular effect.

Statistical data
In figures 2 and 3, the values of Cholesterol and Tri-

glycerides are represented, observing that, in the 
Control group, both at T1 and T2, the values were hi-
gher than in the other groups that received A. keiskei, 
C. longa, mixed administration, and omeprazole. In 
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the case of the G4 group, which received royal jelly, in 
T1, the cholesterol value was lower. Statistically signi-

**ficant changes ( p<0.01) were observed for choleste-
rol in the groups that received omeprazole, the value 
at the T2 reference time being slightly lower.

In figure 3, it can be seen that the highest values in 
T1 are also found in the Control group. Statistically 
significant differences,compared to the Control group, 

***were observed in all groups ( p<0.001) except G5. 
The lowest average triglyceride values are found in T1 
in the group that received C. longa for 7 days, confir-
ming the data in the literature that it has a hepatopro-
tective and antioxidant effect. Lower mean values are 
also found in the group that received A. keiskei, royal 
jelly, or omeprazole, but in the G5 group, there was no 
significant decrease in tryglycerides. 

In T2, the highest triglyceride values were found in 
the G2 group, being even higher compared to the Con-
trol group, demonstrating that, in certain cases, long-
term administration of A. keiskei powder may have be-
come potentially harmful. The lowest triglyceride va-
lues were in groups G5 and G6, and it can be found 
that long-term administration of a combination of 
herbs or administration of omeprazole, can lead to a 
hepatoprotective effect. The hepatotoxic effects of 
non-steroidal anti-inflammatory drugs, such as ace-
tylsalicylic acid in the present case, range from asym-
ptomatic increases in serum transaminases and alka-
line phosphatases, he-patic/cholestatic or mixed cyto-
lysis. Serum transaminases are useful parameters to 
monitor, their increase being a clear early warning sign 
in case of hepatocellular dysfunctions.

Fig. 2. Serum statistical values for Cholesterol.
Comparative to C:

** ## $$$p<0.01; AK: p<0.01; T1 vs T2: p<0.001
**Where: *p<0.05, significant; 0.001 ≤p<0.01, highly significant; 

***p<0.001, very high significant; ns: not significant.

Where: AK = Angelica keiskei K., CU = Curcuma longa, 
LM/Rj= Royal Jelly, O = Omeprazol, Mix = AK+LM+CU

In the mechanism of NSAID-induced hepatotoxi-
city, two main mechanisms responsible are recog-
nised: hypersensitivity and metabolic aberration (27). 
Hypersensitivity reactions contain significant anti-nu-
clear factor or antibody titers against smooth muscle, 
lymphadenopathy, and eosinophilia, and metabolic a-
berrations can occur as genetic polymorphisms and al-
ter susceptibility to a wide range of drugs (28, 35, 45).

Fig. 3. Statistical serum values for Triglycerides.
***Comparative to C: p<0.001; 

#Comparative T1 vs T2: p<0.05

A standard clinical marker of hepatotoxicity is AST, 
a liver enzyme that plays an important role in amino 
acid metabolism and gluconeogenesis. It catalyses the 
transfer of an amino acid group from alanine to α-ke-
toglutarate to produce glutamate and pyruvate. Nor-
mal levels are accepted in the range of 29-81 U/L, with 
elevated levels of this enzyme being associated with 
liver damage. Since it is mainly found in the liver, the 
estimation of this enzyme is a test with great speci-
ficity for detecting liver abnormalities (3,17,18).

Figures 4 and 5 present the statistical analysis for 
ALT and AST. In the case of alanine aminotransferase 
(ALT) (Fig. 4), in the Control group, in T2, we find lo-
wer values compared to the ALT values from the other 
groups in the study. Significant and very statistically 
significant values can be found in T2 in the case of Lots 
G2, G3, G4, and G6, and in Lot G5, finding slightly 
higher values than in the case of the Control group but 
not statistically significant, neither in T1, or in T2.

Fig. 4. Serum Alanine aminotransferase (ALT) 
** ***values. Comparative to C: p<0.01; p<0.001; 

# ## ###Comparative T1 vs T2: p<0.05;  p<0.01;  
p<0.001

In the case of aspartate-aminotransferase (AST) 
(Fig.5), in T1 and T2, in the G3 and G5 groups, we ob-
serve that the values were lower than in the case of the 
Control group, this aspect suggesting, in the case of 
these groups, that the administered preparations have 
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a potential protective effect at the hepatic level. In 
group G4, the values in T1 and T2 were slightly higher, 
and in group G6, in the case of T1, the AST level was 
slightly higher than in the case of the Control group. 
The highest value of AST recorded was found in T2, in 
group G2, the value being above the reference ones. 
Within the same group, however, it is observed that in 
T2, there was a significant reduction in AST with signi-
ficant differences compared to Control. Aspartate ami-
notransferase is another liver enzyme that helps pro-
duce protein. It catalyses the reductive transfer of 
amino acids from aspartate to α-ketoglutarate to pro-
duce oxalo-acetate and glutamate. In addition to the 
liver, it is also found in other organs (heart, muscles, 
brain). Normal accepted levels are in the range of 69-
111 U/L. Although considered a less specific enzyme 
for liver damage, AST helps detect hepatocellular ne-
crosis, but may also indicate an abnormality of the 
heart, muscles, brain, or kidneys (17, 35, 38). Conse-
quently, the AST/ALT ratio can be used to differentiate 
liver damage from other organ damage (4, 31).

Fig. 5. Serum values 
Aspartate aminotransferase (AST)

*Comparative to C: p<0.05
 

Figure 6 shows the statistical analysis of the evolu-
tion of the GLDH. In the case of the Control group, we 
find normal references, both in T1 and T2. We also ob-
serve that in all groups, in T1, there were relatively low 
values, with no statistically significant differences be-
tween lots, except for lot G4, where the differences 
were very significant. In T2, in the case of lots G2, G3, 
and G6, the values were much higher, compared to the 
Control group. Comparing the GLDH values with the 
ALT and AST values in T1 with T2, higher values were 
observed in T2, in the case of groups G2, G3, and G6. 

In T2, in the case of the G6 group, the GLDH value 
was even 5 times higher than in the case of the Control 
group, this aspect may indicate that in the medium 
term (over 7 days), the administration of the associa-
ted biological supplements can have a stressful poten-
tial at the level of liver metabolism. Also, correlating 
the statistical values, we can say that in T1 there are 
no major increases in the case of the administered 
molecules, the only exception being found in the case 
of the group G4, the values being even twice as high.

GLDH activity is more specific to the liver than 

transaminases and is not substantially affected by 
skeletal muscle damage (36). So GLDH is an enzyme 
involved in the oxidative deamination of glutamate, 
present mainly in the liver and to a small extent in the 
kidneys. The normal range of GLDH activity in humans 
is reported to be 7-11 U/L for mice of the BALB/c 
lineage, and there are no reliable data specifying refe-
rence values for the mouse species. What is known, 
however, is that GLDH activity increases with hepato-
cellular damage. In rodents, increases in GLDH activi-
ty were reported to be of a much greater magnitude 
and persisted much longer after administration of liver 
stressors (4,9,32). 

Fig. 6. Serum Glutamate 
Dehydrogenase (GLDH) values

***Comparative to C: p<0.001; 
###Comparative T1 vs T2: p<0.001

The mechanism of hepatotoxicity due to the admi-
nistration of NSAIDs, or responsible for hepatic ad-
verse effects, is mainly due to idiosyncratic liver da-
mage and alteration of liver metabolism, which could 
be caused by enterohepatic recirculation of NSAIDs. 
NSAID toxicity increases due to the concomitant use 
of other hepatotoxic drugs, but also in the case of com-
bination with certain medicinal plants (5, 14, 17, 21, 
44).

CONCLUSIONS

Phytotherapy with Angelica keiskei K., Curcuma 
longa, and royal jelly has been shown to have good 
hepatoprotective and hypolipidemic activity, sugges-
ting that the administration of the preparations has 
the potential to reduce liver stress. In this sense, the 
additional histological investigation of the liver, corre-
lated with the values of liver transaminases, is defining 
for a complex picture. Next, the investigation of liver 
transaminases remains the gold standard for deter-
mining early signs of microsomal injury. In the present 
study, it was shown that at 7 and 14 days, the adminis-
tration of aspirin and omeprazole did not induce liver 
stress or increased liver enzymes. In general, the ALT 
and AST levels were within the reference values; in the 
case of all groups, both in T1 and T2, there was, how-
ever, a significant increase in AST, in the case of the 
group that received Angelica keiskei for 7 days (T1). It 
cannot be confirmed with certainty that higher choles-
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terol levels were influenced by the administration of 
aspirin,omeprazole or biological products. In this case, 
cholesterol can have a hepatoprotective effect.
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