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Introduction: Curcuma longa extract and pomegranate peel extract as 
homeotherapy have numerous therapeutic uses, mainly for anti-inflammatory, 
immunomodulatory, and hepatoprotective efficacy. The current study compared 
ORNIPURAL® (as a commercial hepatoprotective drug) and a herbal mixture of 
Curcuma longa extract and pomegranate peel extract [as homeotherapy] in 
dogs with dexamethasone-induced hepatopathy throughout a 42-day long-
term study.

Methods: The study was conducted on mongrel dogs (n = 30) throughout 
three phases of the experiment: an acclimatization phase (14 days), a steroidal-
induced hepatopathy phase (14 days), and a treatment phase (14 days, i.e., either 
with ORNIPURAL® or with herbal mixtures). The investigated dogs undergoing 
complete clinical and ultrasonographic examinations as well as hematological 
analysis and serum hepatorenal biomarkers that were estimated in days 0 
(control group), 7 (hepatopathy group), 14 (hepatopathy group), 21 (treatment 
group), and 28 (treatment group). Histopathology of the liver was conducted for 
some dogs on days 0, 14, and 28 after the euthanization of these animals.
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Results and conclusion: The present study reported the most remarkable 
efficacy of both ORNIPURAL® and a herbal mixture of Curcuma longa extract 
and pomegranate peel extract as hepatoprotective medicaments in the therapy 
of dexamethasone-induced fatty liver in dogs. Therefore, a 14-day treatment 
with either a herbal mixture or ORNIPURAL® in treated dogs (treatment groups) 
induced an unmistakable improvement in their clinical status, blood pictures, 
and serum hepatorenal parameters as well as characteristic sonographic and 
histopathological findings compared with those in dexamethasone-induced 
hepatic lipidosis (hepatopathy groups). Compared to dogs treated with 
ORNIPURAL®, this clinical improvement was more evident in dogs treated with an 
herbal mixture. Moreover, no significant alterations in blood pictures and serum 
hepatorenal indices were demonstrated between ORNIPURAL® and herbal-
treated dogs. Overall, the herbal mix of Curcuma longa extract and pomegranate 
peel extract had higher efficacy and greater potency than conventional therapy 
that uses ORNIPURAL® in treating dogs with hepatopathy. The study also 
recommended the parallel use of this herbal mixture as well as ORNIPURAL® 
in long-term therapeutic strategies in dogs with dexamethasone-induced fatty 
liver as both minimized dexamethasone side effects. Ultrasonography alone was 
not enough to evaluate hepatobiliary disorders in canines.
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1 Introduction

Hepatobiliary diseases are commonly reported in dogs, and they 
are classified into four types: parenchymal, vascular, biliary, and 
neoplastic (1, 2). Liver diseases persist for an extended period in dogs. 
Moreover, these subclinical animals usually undergo regular 
biochemical examinations; thus, they are challenging to diagnose 
using current screening methods (3).

Specific clinical signs are only recognized at an advanced stage, 
where the hepatocyte damage becomes severe, and treatment at this 
stage is less effective (1, 4).

Primary hepatitis is the most severe liver disease in dogs. Acute and 
chronic hepatitis are the most common forms (5). Acute hepatitis can 
be produced by the administration of various drugs, ingestion of toxins, 
and through infectious agents like leptospira, canine adenovirus-1 virus, 
Clostridium piliformis, a septic bacterial disease, canine herps virus, and 
Toxoplasma gondii (6). Cholelithiasis in dogs is uncommon. This disease 
is frequently caused by an ascending infection by bacteria from the 
colon through the common bile duct or by a hematogenous route (7, 8). 
Bile stasis and cholelithiasis are risk factors for cholecystitis (9).

Genetic predisposition and patient history (breed, age, and sex) 
are used to diagnose canine hepatobiliary disorders. Female dogs are 
more likely than male dogs to suffer from acute and chronic hepatitis, 
which usually affects middle-aged to older canines. Dogs older than 
5 years old are more likely to develop chronic cirrhosis and hepatitis 

(4). The age of dogs diagnosed with lymphoma ranged from 6 to 
9 years, with some variation according to type of lymphoma and 
breed (10).

A well-established diagnostic procedure for evaluating the liver 
size, shape, and echogenicity in dogs with liver disease, abdominal 
ultrasonography is regarded as one of the most accurate and 
non-invasive diagnostic techniques available (4, 11, 12).

Several hepatic diseases that affect dogs and cats and result 
in localized, multifocal, or diffuse parenchymal changes have been 
characterized by ultrasound characteristics of hepatic disorders in 
small animal practice. Hepatic size and shape, ultrasound-beam 
attenuation, parenchymal echogenicity, and the distribution of various 
hepatic anomalies were often included in the examination of the liver. 
Majority of the alterations do not indicate a specific process, even if 
several of these illnesses exhibited distinctive ultrasonographic 
markers. Clinical presentation, blood test results, ultrasonographic 
findings, and cytological or histopathologic data are typically 
combined to provide a more definitive diagnosis (13, 14).

Liver ultrasonographic characteristics showed mild to moderate 
alterations in, respectively, 30 and 40% of dogs with chronic hepatitis. 
Several studies have shown that routine clinical ultrasound is 
insufficient for detecting specific canine liver diseases, but 
ultrasonography is still the most commonly used tool for evaluating 
an animal’s liver. When considering a liver biopsy for histology, dogs 
with normal to mild ultrasonography liver abnormalities and 
persistently increased liver enzymes should exercise caution to prevent 
a misinterpretation of chronic hepatitis (4, 15).

In dogs with allergic, anaphylactic, autoimmune, and other 
conditions, corticosteroid or glucocorticoid medication has been used 
extensively since 1948. Cortisone, a synthetic version of the hormone 
produced by the adrenal glands, is the offender. Unfortunately, several 
issues about the usage of corticosteroids are documented in the 2 years 
that followed 1948. Steroid hepatopathy, or changes in the morphology 

Abbreviations: ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST, 

Aspartate aminotransferase; BUN, Blood urea nitrogen; Cr, Creatinine; Contgr, 

Control group; DexaHepatogr, Steroidal-induced hepatopathy group; DLC, 

Differential leucocytic count; Hb, Hemoglobin; Herbmix-gr, Herbal mixture-treated 

group; Ornipgr, ORNIPURAL® treated group; PCV, Packed cell volume; RBCs, Red 

blood corpuscles; TLC, Total leucocytic count; TP, Total proteins.
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of the liver, is a prevalent pathology in dogs receiving corticosteroid 
therapy (4, 16).

Nevertheless, it has been shown that overusing glucocorticoids 
can result in various adverse consequences in diverse animals (17). 
Even at moderate doses, long-term use of glucocorticoids may cause 
hyperadrenocorticism, a sign of Cushing’s illness (18, 19). Dogs with 
steroid hepatopathy have a unique condition marked by changes in 
the structure and function of their livers. In dogs, it often appeared 
two to 3 days after corticosteroid administration (4, 16).

Dogs are susceptible to developing glucocorticoid-induced 
hepatopathy (16, 20), which manifests biologically as elevated serum 
activities of alanine aminotransferase (ALT) and alkaline phosphatase 
(ALP) (4, 21), histopathologically as cytoplasmic vacuolation (22), and 
clinically as lethargy, polyphagia, polydipsia, polyuria, generalized 
muscle wasting, semisolid feces, rough hair, and skin rash (4).

Various phytomedicines and polyherbal formulations are used to 
prevent and treat hepatotoxicity and other liver disorders, so 170 
hepatogenic and hepatoprotective medicinal plants are reviewed from 
multiple sources. Several phytochemicals found in medicinal plants 
have strong antioxidant properties (23–25).

Turmeric, a powder derived from the Curcuma longa plant, had 
been used for centuries as an aspic to impart a distinct flavor and 
yellow color to curry. C. longa-dried rhizomes are high in polyphenolic 
compounds. C. longa toxicity is discovered to be  very low (26). 
Ayurvedic medicine uses turmeric because of its anti-inflammatory 
qualities (27, 28). Recently, it has been used as an anti-diabetic, 
antibacterial, anti-inflammatory, antioxidant, anti-cancer, anti-
allergic, antiprotozoal, and wound-healing agent (28, 29). Salama et al. 
(30) stated that the ethanol extract of C. longa rhizomes is being 
investigated as a potential therapy for liver cirrhosis. Tumeric is a 
rhizomatous herbaceous perennial plant used as a significant part of 
Ayurvedic medicine. It has anti-inflammatory qualities and to cure 
some internal illnesses, including liver disorders, common colds, 
throat infections, and digestive issues (31). Turmeric dry rhizome has 
been reported to have anti-inflammatory and antioxidant properties, 
regulating bile functions, anticarcinogenic properties, and anti-
hepatotoxic activity. It could also be  a functional food because it 
protects cells from damage. Curcumin, demetoxicurcumin, and 
bisdemetoxicurcumin are all curcuminoid pigments found in 
turmeric. Turmeric inhibited lipid peroxidation, a degenerative 
process involving free radicals and polyunsaturated fatty acids, mainly 
arachidonic. The peroxidative effect on polyunsaturated fatty acids 
caused hepatic pathogenesis; Turmeric has been shown to benefit 
body weight (28, 32). Because of its strong antioxidative and anti-
inflammatory qualities, C. longa has been used in animal experiments 
to treat various diseases, including cancer, autoimmunity, cardiac 
disease, neurological disease, gallstones, and others (28, 33, 34).

Punica granatum L., commonly called pomegranate, was recently 
described as nature’s powder fruit. Pomegranate peel has 
hepatoprotective properties and significantly lowered alkaline 
phosphate and bilirubin levels in diseased animals (35). The plant has 
medicinal properties such as anti-aging, anti-cancer, anti-diabetic, 
cardio-protective, lipid-lowering, gastroprotective, and 
hepatoprotective (36, 37). Pomegranate is widely used in 
pharmaceutical formulations, cosmetics, and food seasonings. 
Pomegranate is a healing food with numerous health benefits dating 
back to ancient times (38). Pomegranate is an essential supplier of 
polyphenols with potent antioxidant properties, including phenolic 

acid, ellagic acid, tannins, flavonoids, and anthocyanins (39). 
Pomegranate is an anthelmintic, antidiarrheal agent, antioxidant 
activity, and has a practical effect against liver fibrosis (40).

ORNIPURAL®, as a well-established product for the treatment of 
hepatic disorders in pet animals, is used to control fatty liver in layers 
and transient dairy cows or to support and revitalize the liver and 
kidney in poultry subjected to high mycotoxin levels in their feed (41, 
42). On the other hand, hepatic disorders in the pet sector are 
commonly treated with conventional therapeutics such as 
ORNIPURAL® injections. The product is widely used to treat liver 
disorders of both infectious and non-infectious causes (43). 
Accordingly, the current study compared ORNIPURAL® (as a 
commercial and conventional hepatoprotective drug) and a herbal 
mixture of C. longa extract and pomegranate peel extract [as 
homeotherapy] in dogs with dexamethasone-induced hepatopathy 
throughout a 42-day long-term study throughout three phases of 
experiment: an acclimatization phase (14 days), a steroidal-induced 
hepatopathy phase (14 days), and treatment phase (14 days; either 
with ORNIPURAL® or with herbal mixtures).

2 Materials

2.1 Animals

The study was conducted on 30 mongrel dogs (n = 30) weighing 
12–25 kg and their ages between 1 and 4 years. These animals were 
observed for 2 weeks before the start of the experiment 
(acclimatization phase).

2.2 Experimental protocol and therapeutic 
strategy

The therapeutic strategy was divided into three phases: 
acclimatization phase, steroidal-induced hepatopathy phase, and 
treatment phase, that is, either with an herbal mixture or with 
ORNIPURAL® (Supplementary Table S1).

2.2.1 Acclimatization phase (14 days)
Each dog was housed in a single kennel with natural light and 

temperature during this phase. All dogs have been treated with Biocan 
R® as rabies vaccination (1 mL/dog S/C, inactivated vaccine, Bioveta, 
a. s., Czech Republic). Deworming of the investigated animals with 
Drontal® plus (one tablet/10 kg per os; each tablet for large dogs 
contains 136.0 mg praziquantel, 136.0 mg pyrantel base as pyrantel 
pamoate, and 680.4 mg febantel, Bayer AG, 51368 Leverkusen, 
Germany) and DECTOMAX® (doramectin 10 mg/ml, 1 ml/50 kg S/C, 
Zoetis, USA) (1 ml/50 kg). These treatments have been repeated for 
each dog twice, that is, on days 1 and 14. Food was provided twice a 
day through vegetables, that is, potatoes, carrots, and zucchini, and 
chicken cooked with bread or rice. Water was available as ad libitum in 
a metal container during the day. All animals were clinically examined 
during this phase to assess their physiological status by estimating their 
temperature, pulse, respiration, and mucous membranes. All animals 
were individually housed during the acclimatization phase for 14 days 
before the steroidal-induced hepatopathy phase began. On the 14th 
day of the acclimatization phase, the investigated dogs (n = 30) were 
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clinically and ultrasonographically examined; then whole blood and 
serum samples were collected as well. Out of the 30 dogs, euthanization 
of one was done later for hepatic histopathology. Euthanization was 
conducted using an overdose of anesthesia by both ketamine 
8 ml/20 kg BWt (ketamine 10%, Alfasan, Indian, Egypt) and xylazine 
4 ml/20 kg BWt (Xylaject 2%, ADWIA Co., Cairo, Egypt) in a single IV 
dose These animals at the 14th day of the acclimatization phase were 
considered the control group (Contgr; n = 30; prior to euthanization) 
of this study and was referred as day zero (day 0).

2.2.2 Steroidal-induced hepatopathy phase 
(dexamethasone-induced hepatopathy phase) 
(14 days)

Afterward, experimental induction of hepatopathy was achieved 
by intramuscular (i.m.) injection of all dogs with dexamethasone 5 
(dexamethasone sodium phosphate 5 mg/ml, Vétoquinol, Québec, 
Canada) at a dose of 1 mg/dog/day for successive 14 days according 
to Sobczak-Filipiak et al. (44) starting for day 1 until day 14 where 
they named steroidal-induced hepatopathy group (DexaHepatogr; 
n = 29). Dogs were clinically and ultrasonographically examined 
throughout this period, and whole blood and serum samples were 
collected on days 7 and 14 for hematological and biochemical assays. 
Thereafter, one animal from each group was euthanized on the 14th 
day for hepatic histopathology, according to Suvarna et al. (45). As 
mentioned above, euthanization was conducted using an overdose of 
anesthesia by both ketamine and xylazine.

2.2.3 Treatment phase (14 days)
At the end of 14 days of steroidal-induced hepatopathy phase, the 

investigated dogs [DexaHepatogr; n = 28] were divided into two equal 
groups (n = 14 for each), whereas each dog in these groups received 
treatments for 14 days (continuous or every other day) either with a 
herbal mixture of pomegranate peel extract and C. longa extract and 
thus they named herbal mixture-treated group [Herbmix-gr; n = 14] or 
with ORNIPURAL® and thus they named ORNIPURAL®-treated 
group [every other day, that is, 7-day treatment; Ornipgr; n = 14].

Regarding the herbal mixture-treated group (Herbmix-gr), C. longa 
rhizomes and pomegranate peel were obtained from an herbal plant 
store called (Haraz) and prepared according to Salama et al. (30) and 
Reda et al. (46), respectively, and the dose converted from rat to dog, 
according to Paget and Barnes (47). Pomegranate peel extract and 
C. longa extract were added to the control diet for 14 days at daily 
doses of 0.06 gm/kg and 0.15 gm/kg, respectively. Pomegranate peel 
extract (2 gm/1 kg /day) and C. longa extract (15 g/1 kg of food/day) 
were added to the control diet for 14 successive days, starting from day 
15 up to day 28. On the other side in ORNIPURAL®-treated group 
(Ornipgr), ORNIPURAL® (Vétoquinol SA Laboratory, Paris) as a 
patent hepatoprotection therapeutic drug, was composed of betaine, 
arginine (hydrochloride), ornithine (hydrochloride), citrulline, 
sorbitol (E420), and meta cresol. It was used as an i.m. injection dose 
of 3 ml/dog/48 h, where the dose was repeated five times for 2 days. 
Throughout this phase, all dogs, either from Herbmix-gr (n = 14) or 
Ornipgr (n = 14), were clinically and ultrasonographically examined, 
and whole blood and serum samples were collected on days 21 and 28 
for hematological and biochemical assays. Thereafter, one animal from 
each group was euthanized on day 28 for hepatic histopathology. As 
mentioned above, euthanization was conducted using an overdose of 
anesthesia by both ketamine and xylazine.

2.3 Samples

Blood samples were collected from each dog’s cephalic vein using 
a hypodermic needle and separated into two parts; whole blood 
samples were collected on ethylenediamine tetra-acetic acid and 
stored at 4°C until analysis, and blood serum samples were collected 
on plain vacutainer tubes and stored at −20°C until analysis. All 
precautions for collecting and preparing samples to achieve an 
accurate assessment of hematological and biochemical indices were 
considered as described before (48).

2.4 Clinical examination

According to Sturgess, all experimental dogs were exposed to a 
thorough clinical examination including temperature, pulse rate, 
respiratory rate, and mucous membranes (49).

2.5 Whole blood picture indices

Various hematological indices, including red blood corpuscles 
(RBCs), hemoglobin (Hb), packed cell volume (PCV), and total 
leucocytic count (TLC), were measured by a fully automated blood 
cell counter machine (Medonic CA620 Vet Hematology Analyzer, 
Stockholm, Sweden). Differential leucocytic count (DLC) was done 
according to the method described by Schalm and Jain (50) and 
Teske (51).

2.6 Liver functions indices

The Spectro Ultraviolet-Vis RS spectrophotometer (Labomed, 
Inc., Los Angeles, CA, USA) was used to determine blood 
concentrations of total protein (TP), albumin, liver enzymes, that is, 
aspartate aminotransferase (AST), ALT and ALP, total bilirubin, and 
direct bilirubin. Serum globulin was determined by the subtraction of 
albumin from TP. All kits and reagents were obtained from BioMed 
commercial kits (Cairo, Egypt) for TP and albumins, Gamma Trade 
Company (Cairo, Egypt) for AST, total bilirubin and direct bilirubin, 
and Spectrum commercial kits (Cairo, Egypt) for ALT and ALP.

2.7 Kidney function indicators

The kidney function indicators, including blood urea nitrogen 
(BUN) and creatinine (Cr), were estimated using Bioscience commercial 
kits (Cairo, Egypt) and BioMed commercial kits (Cairo, Egypt), 
respectively, by spectrophotometric assays (Spectro Ultraviolet-Vis RS 
spectrophotometer; Labomed, Inc., Los Angeles, CA, USA).

2.8 Ultrasonographic examination

The ultrasonographic examination was performed on sedated 
animals after the application of transmission gel according to 
Penninck and d’Anjou (14), Mannion (52), Rademacher (53), and 
Ahmed et al. (54) using a 6–10 MHz convex transducer, where the 
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frequency was changed according to the examination’s requirement, 
connected with ultrasound apparatus with multifrequency for the 
larger or older one (MyLab™One VET, Esaote, Italy). Food should 
be withheld before the examination (52, 53).

2.9 Histopathological examination

According to Suvarna et al. (45), dogs were euthanized on days 0 
(n = 1), 14 (n = 1), and 28 (n = 2) for histopathological examination. 
Liver samples were removed and sent for cytology and histopathology 
in a sterile, closed container with 10% buffered formalized saline 
(45, 55).

Stain sections were inspected for any pathological alterations in 
the tissues, including necrosis, apoptosis, inflammation, and 
circulatory disruptions. For each studied organ, the description of 
histomorphological alterations in five fields per section was used to 
calculate the histopathological lesion grading according to Gibson-
Corley et al. (56).

2.10 Statistical analysis

Data were analyzed using SPSS statistical software program for 
Windows version 10.0.1 (SPSS Inc., Chicago, IL., USA). The normal 
distribution of all parameters was tested using Kolmogorov–Smirnov 
normality test. All parameters were normally distributed. The obtained 
data were described as mean ± standard deviation (SD). A general 
linear model repeated measures analysis of variance (ANOVA) was 
used to analyze the data from the clinical examination and laboratory 
analyses, and the significance level of results was set at p < 0.05. The 
significance of differences was assessed between the means in selected 
sampling days, that is, days 0 [Contgr], 7 [DexaHepatogr], 14 
[DexaHepatogr], 21 [Herbmix-gr or Ornipgr], and 28 [Herbmix-gr 
or Ornipgr].

3 Results

3.1 Clinical findings

Dogs in the control group (Day 0; Contgr), either in the herbal 
mixture or the ORNIPURAL® group, showed normal appetite with 
improved feed and water intake (Figure 1). Their activities and normal 
gait were observable. No other abnormalities were reported, including 
emaciation, stunted growth, skin rashes, skin alopecia, cutaneous 
abscessation, ruptured dermal abscesses, skin lacerations, lethargy, 
and/or dehydration (Supplementary Table S2). After dexamethasone 
injection (DexaHepatogr), the dogs showed dramatic changes in their 
clinical findings (Figures  2, 3) either in an herbal group or 
ORNIPURAL® group, whereas significant (p < 0.05) reduction in 
their body weights and their appetite scores at days 7 and 14 when 
compared with their values at day 0 (Contgr) (Table 1). These dramatic 
changes included lethargy, the development of skin abscesses and skin 
rashes, alopecia, and dehydration. The severity of these clinical 
findings was more evident on day 14 (Figure  3) than on day 7 
(Figure 2) in DexaHepatogr. Skin lacerations or ulcers and ruptured 
dermal abscesses were seen in DexaHepatogr on day 14 (Figure 3; 
Supplementary Table S2).

After treatment either with an herbal mixture of pomegranate peel 
extract and C. longa extract or with ORNIPURAL®, the dogs showed 
significant (p < 0.05) improvement in their body weights and appetite 
scores on days 21 and 28 (Herbmix-gr or Ornipgr) when compared with 
their values in DexaHepatogr (Days 7 and 14). However, this significant 
(p < 0.05) increase in investigated dogs’ body weights and appetite 
scores was higher in Herbmix-gr than Ornipgr on days 21 and 24. The 
examined dogs on day 21 after treatment with the herbal mixture 
(Herbmix-gr) for continuous 7 days showed a clear improvement in their 
activities and no lethargy with complete disappearance of alopecia, 
skin rashes, skin lacerations, and dehydration signs as well as complete 
healing of ruptured skin abscess (Figure 4). These findings contradict 
with those reported with Ornipgr (Figure 5), which needed days of 
observation (day 28) more than those of herbal mixture until complete 
recovery and complete healing of skin lesions occurred. The affected 
dogs (Figure  5) were still suffering from poor health conditions, 
emaciation, and loss of body weight. Areas of alopecia, skin rashes, 
skin lacerations (ruptured skin abscesses), and skin abscesses have still 
appeared. In the examined dogs on day 28 after treatment with the 
herbal mixture (Herbmix-gr) for 14 continuous days, they restored their 
body conditions and body weights with the healthy appearance of 
their skin (Figure 6). In the Ornipgr for 28 days and after a five-time 
treatment with ORNIPURAL®, complete healing and disappearance 
of skin lesions (Abscess, lacerations and erosions) were described on 
day 28; however, the dogs were still suffering from poor healthy 
conditions, emaciation, and loss of body weight. Furthermore, signs 
of dehydration and incomplete restoring of dogs’ normal gait and 
appetite were observed on day 28  in the ORNIPURAL® group 
(Ornipgr) (Table 1; Figure 7; Supplementary Table S2).

Temperature, pulse, and respiration showed no remarkable 
changes between Contgr, DexaeHepatogr, Herbmix-gr, and Ornipgr on days 
0, 7, 14, 21, and 28. They were within their reference ranges (Table 1).

3.2 Whole blood picture indices

The study showed remarkable changes in whole blood picture 
indices in the examined dogs (Tables 2, 3). There was a significant 
(p < 0.05) reduction in red blood cells (RBCs) and hemoglobin 
(Hb) in DexaHepatogr compared to their values in Contgr, Herbmix-gr, 
and Ornipgr. RBCs and Hb concentrations were within the reference 
ranges in Contgr, Herbmix-gr, and Ornipgr. At the same time, the dogs 
(anemic animals) investigated after experimental induction of 
hepatopathy in DexaHepatogr had lower RBCs and Hb 
concentrations than their reference ranges. Packed cell volume 
(PCV) values were not remarkably changed between Contgr, 
Herbmix-gr, DexaHepatogr, and Ornipgr where they were within the 
reference ranges. Total leukocyte count (TLC) and neutrophil 
values showed remarkable (p < 0.05) elevations after experimental 
induction of hepatopathy in dogs in DexaHepatogr, while 
lymphocytes were significantly (p < 0.05) reduced compared to 
their values in Contgr, Herbmix-gr, and Ornipgr and with their 
reference ranges. The leukogram picture was within the reference 
ranges in Contgr, Herbmix-gr, and Ornipgr (Tables 2, 3).

Except for Hb, the whole blood picture indices, including RBCs, 
PCV, TLC, and differential leukocyte count (DLC), showed no 
remarkable changes between Contgr, Herbmix-gr, and Ornipgr. Hb 
concentrations were significantly (p < 0.05) reduced in Ornipgr when 
they compared with their values at Herbmix-gr (Tables 2, 3).
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3.3 Liver functions indices

Serum concentrations of TP, albumin, and globulin, as well as 
Albumin/globulin (A/G) ratio, showed no remarkable changes either 
between Contgr, DexaHepatogr, Herbmix-gr, and Ornipgr on days 0, 7, 14, 
21, and 28. Moreover, they were within their reference ranges 
(Table 4).

Serum activities of AST, ALT, and ALP were significantly (p < 0.05) 
increased in DexaHepatogr (days 7 and 14) compared to their values in 
Contgr (day 0). This significant elevation disappeared due to herbal 
therapy or due to ORNIPURAL® therapy. In contrast, their activities 
were remarkably (p < 0.05) reduced at Herbmix-gr or Ornipgr, particularly 
on day 28 when they compared with their values in DexaHepatogr (days 
7 and 14). In contrast, although a significant decline in serum activities 
of liver enzymes at Herbmix-gr or Ornipgr was reported after herbal 
mixture therapy or after ORNIPURAL® treatment, respectively, on days 
21 and 28, serum activities of AST, ALT, and ALP were still significantly 
(p < 0.05) higher than their values in Contgr (Day 0). Serum activities of 
AST, ALT, and ALP were within the reference ranges at each of Contgr 
and Herbmix-gr, while they were higher than their reference ranges in 

DexaHepatogr. No remarkable changes were stated for AST, ALT, and 
ALP between Herbmix-gr and Ornipgr in days 21 or 28 (Table 5).

Serum concentrations of total bilirubin and direct bilirubin showed 
no significant changes between Contgr, DexaHepatogr, Herbmix-gr, and 
Ornipgr. Moreover, they were within their reference ranges (Table 5).

3.4 Kidney functions indices

Kidney function indicators showed remarkable alterations for 
serum concentrations of blood urea nitrogen (BUN) and creatinine 
(Cr), whereas significant (p < 0.05) elevations in serum levels of BUN 
and Cr were reported in Contgr and treated group (Herbmix-gr or 
Ornipgr) compared with their values in DexaHepatogr. These significant 
changes disappeared between Herbmix-gr and Ornipgr (Table 6).

3.5 Ultrasonographic findings

Contgr showed a standard ultrasonographic image of the 
hepatobiliary system and its vasculatures. The normal hepatic 
parenchyma has a uniform medium level of echogenicity, with 

FIGURE 1

The image shows heathy control dogs in the control group (day 0). They were active and alert with healthy skin, no signs of dehydration, and suitable 
body weights.
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FIGURE 2

The image shows dogs in the steroidal-induced hepatopathy group after 7 days following dexamethasone injection (DexaHepatogr; day 7). The 
hepatopathy-affected dogs showed the development of skin abscesses (black arrows), skin rashes (blackhead arrows), and alopecia (red arrows).

FIGURE 3

The image shows dogs in the steroidal-induced hepatopathy group after 14 days following dexamethasone injection (DexaHepatogr; day 14). The 
severity of these clinical findings was more evident on day 14 than on day 7 in DexaHepatogr. The hepatopathy-affected dogs showed skin lacerations 
(red curved arrows), ulcers (white curved arrows), and ruptured dermal abscesses (blackhead arrows). Lethargy and loss of body conditions (blue 
arrows) and areas of alopecia (white arrows) were observed more than on day 14 of DexaHepatogr.
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interruption caused by the portal and hepatic veins. The echotexture 
was coarser and more hypoechoic compared with the spleen. In 
comparison with the spleen, the liver had a reduced echogenicity 
and a diffuse, slightly coarse-grained texture. Compared with the 
kidney, the liver had an increased echogenicity. Still, this 
relationship is highly variable as in some normal animals, the liver 
is isoechoic compared with the kidney, and in others, it is 
hypoechoic (Figure 8). Unless they were swollen, the bile ducts 
were invisible. The gall bladder was found when the scan was 
conducted ventrally toward the right side of the midline while the 
animal was in lateral recumbency. It was typically ovoid, tapering 
at the neck, and anechoic. The gall bladder wall was not visible in 
several instances and appeared as a skinny echogenic line 
(Figure 8).

DexaHepatogr on day 7  in both the herbal mixture and 
ORNIPURAL® groups showed a slight increase in echogenicity of the 
hepatic parenchyma. However, it was still less than the spleen reported 
ultrasonographically. The liver showed a focal hyperechoic area within 
the liver parenchyma (Figure 9). DexaHepatogr on day 14 showed a 
diffuse increase in hepatic parenchymal echogenicity as it was 
hyperechoic in comparison to the renal cortex and was like 
echogenicity of splenic parenchyma. The diffuse and homogenous 
hyperechogenicity of the hepatic parenchyma associated with 
hepatopathy in affected dogs induced indistinct visualization of 
hepatic vasculature walls, and thus, it was difficult to detect. The 
hepatic parenchyma sometimes appeared heterogeneous and 
contained hypoechoic foci, most likely due to concurrent nodular 
hyperplasia (Figure 10).

After 7 days of treatment with an herbal mixture of C. longa 
extract and pomegranate peel extract, hepatic ultrasonography of 
Herbmix-gr on day 21 of the current study revealed that liver 
parenchyma returned to normal, the hepatic parenchyma appeared 
as uniform homogenous numerous echoes. The normal hepatic 
parenchyma had a uniform medium level of echogenicity, with 
interruption caused by the hepatic and portal veins. The liver had 
a reduced echogenicity and a diffuse, slightly coarse-grained texture 
compared to the spleen. Compared with the kidney, the liver had 
an increased echogenicity (Figure 11). The same ultrasonographic 
findings (Figure  12) were reported for the liver at Herbmix-gr 
(day 28).

After 7 days of treatment with ORNIPURAL®, in the Ornipgr on 
day 21 of the current study, there was a diffuse increase in hepatic 
parenchymal echogenicity as it was hyperechoic in comparison to 
renal cortex and was like echogenicity of splenic parenchyma. The 
diffuse and homogenous hyperechogenicity of the hepatic parenchyma 
made hepatic vessel walls indistinct and difficult to detect. The hepatic 
parenchyma sometimes appeared heterogeneous and contained 
hypoechoic foci, most likely due to concurrent nodular hyperplasia 
(Figure 13).

After 14 days of treatment with ORNIPURAL®, hepatic 
ultrasonography of Ornipgr on day 28 of the current study 
showed that liver parenchyma became slightly normal as it had 
uniform homogenous numerous echoes, with interruption 
caused by the hepatic and portal veins. The hepatic vasculatures 
were relatively imaged. However, the hepatic parenchyma 
showed an increase in its echogenicity as it was hyperechoic 
compared to the renal cortex and was like the echogenicity of 
splenic parenchyma (Figure 14).
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FIGURE 4

The image shows dogs in the herbal mixture-treated group (Herbmix-gr) after 7 days of treatment with an herbal mixture of pomegranate peel extract 
and C. longa extract (Herbmix-gr; day 21). The affected dogs expressed clear improvement in their body conditions (white arrows) and no lethargy with 
almost complete disappearance of alopecia (black arrows), skin rashes, skin lacerations (blue arrows), and dehydration signs as well as complete 
healing of ruptured skin abscess (black head arrows) were observed.

FIGURE 5

The image shows dogs in ORNIPURAL® treated group (Ornipgr) after 7 days following ORNIPURAL® (Ornipgr; day 21) for five-time treatment/10 days 
with ORNIPURAL® at one-day intervals. The affected dogs were still suffering from poor health conditions, emaciation, and loss of body weight (white 
arrows). Areas of alopecia (black arrows), skin rashes (blue arrows), skin lacerations (blue head arrows), and ruptured skin abscesses (black arrows), as 
well as skin abscesses (red arrows), still appeared.
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FIGURE 6

The image shows dogs in the herbal mixture-treated group (Herbmix-

gr) after 14 days following treatment with a herbal mixture of 
pomegranate peel extract and C. longa extract (Herbmix-gr; day 28). 
The examined dogs on day 28, after treatment with the herbal 
mixture (Herbmix-gr) for 14 days, restored their body conditions and 
body weights (white arrows) with the healthy appearance of their 
skin. Complete healing of skin lacerations (black head arrows) and 
disappearance of skin abscesses (black arrows) and alopecia (curved 
white arrows) were observed.

3.6 Histopathological findings

Table 7 summarizes the primary histopathological liver lesions 
among different experimental groups. In the control group on day 0, 
either in the herbal mixture group or the ORNIPURAL® group, the 
hepatic parenchyma contains plates and sinusoids, which are usually 

one cell thick and have a regular arrangement around the central 
hepatic vein, causing a radiating pattern of the sinusoidal network. 
Outside the perivenular zone, the plates are less regularly arranged, 
with a loss of the radiating pattern. Individual hepatocytes are 
polygonal, pale to eosinophilic cytoplasm, and clearly outlined cell 
margins. The nucleus is centrally placed, and one or more nucleoli 
may be recognized. Hepatic plates are separated by vascular sinusoids 
formed from specialized endothelial cells, evident only by their 
flattened nuclei along the sinusoids (Figure 15).

DexaHepatogr on day 14 in each of the herbal mixture group and 
ORNIPURAL® group showed histopathological changes in the liver 
of dogs with steroidal-induced hepatopathy. In contrast, the plate 
showed hydropic degenerations within hepatic parenchyma (55%) 
and thrombus formation within the hepatic blood vessels adjacent to 
necrotic tunica intima (Figure 16).

After 14 days of treatment with an herbal mixture of C. longa 
extract and pomegranate peel extract, Herbmix-gr, displayed 
histopathological changes in the liver sections on day 28. In contrast, 
the plate showed that majority of the hepatic parenchyma appeared 
normal. However, the focal necrotic area infiltrated with mononuclear 
cells associated with microsteatosis in some hepatocytes (15%) was 
visualized. Dilated hepatic blood vessels and dilated sinusoids were 
also encountered (Figure 17).

The histopathological findings of hepatic parenchyma in steroidal-
induced hepatopathy dogs after 14 days of treatment with 
ORNIPURAL® at Ornipgr (Day 28) showed normal hepatic 
parenchyma. However, unicellular degenerative changes (10%), 
necrotic changes of some hepatocytes, and congestion of some portal 
veins were also noticed (Figure 18).

4 Discussion

4.1 Clinical findings

Clinical signs were only recognized at an advanced stage where 
the hepatocyte damage became severe, and treatment at this stage was 

FIGURE 7

The image shows dogs in ORNIPURAL® treated group (Ornipgr) after 14 days following treatment with ORNIPURAL® (Ornipgr; day 28). Complete 
healing and disappearance of skin lesions (abscess, lacerations, and erosions) were observed (white arrows). The affected dogs were still suffering from 
poor health conditions, emaciation, and loss of body weight (curved red arrows). Areas of alopecia (Black arrows) were still appeared.
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TABLE 2 Mean values (M ± SD) of RBCs, Hb, PCV, and TLC in investigated dogs.

RBCs (X1012/L) (5.5–8.5) (72) Hb (g/L) (120–180) (72) PCV (L/L) (0.39 ± 0.02) (73) TLC (X109/L) (11.35 ± 0.50) (78)

Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶

Contgr 

(n = 30)

6.31 

± 0.71a

145.34 

± 7.11a

0.41 

± 0.07a

8.95 

± 1.02b

DexaHepatogr 

(n = 29)

5.01 

± 0.43bc

4.52 

± 0.55c

106.47 

± 5.22b

101.22 

± 6.06b

0.37 

± 0.02a

0.38 

± 0.08a

13.23 

± 2.16a

15.81 

± 2.10a

Herbmix-gr 

(n = 14)

5.23 

± 0.21b

5.41 

± 0.19b

131.04 

± 2.44a

141.27 

± 8.06a

0.40 

± 0.01a

0.41 

± 0.02a

9.47 

± 0.94b

9.04 

± 0.48b

Ornipgr 

(n = 14)

5.36 

± 0.33b

5.57 

± 0.38b

118.3 

± 4.41b

122.70 

± 2.61b

0.37 

± 0.01a

0.38 

± 0.03a

8.21 

± 0.82b

9.67 

± 1.13b

Contgr: Control group. DexaHepatogr: Steroidal-induced hepatopathy group. Herbmix-gr: Herbal mixture-treated group. Ornipgr: ORNIPURAL® treated group. RBCs: red blood corpuscles. Hb: hemoglobin. PCV: packed cell volume. TLC: total leucocytic count. #Control. 
*Dexamethasone treatment. ¶Herbal mixture or ORNIPURAL® treatment. abcMeans with different superscript letters in different sampling times were significantly different (p < 0.05) between Contgr, DexaHepatogr, Herbmix-gr, and Ornipgr in days 0, 7, 14, 21, and 28. 
Reference values according to Felman et al. (72); Reddy et al. (73); Atata et al. (78).

TABLE 3 Mean values (M ± SD) of neutrophils, lymphocytes, eosinophils, and basophils in investigated dogs.

Neutrophils (%) (60–77) (57) Lymphocytes (%) (8–38) (91) Eosinophils (%) (2–10) (57) Basophils (%) (0–1) (91)

Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶

Contgr 

(n = 30)

70.75 

± 1.30b

28.03 

± 1.35a

0.86 

± 0.06a

0.36 

± 0.11a

DexaHepatogr 

(n = 29)

85.44 

± 1.62a

86.22 

± 1.74a

13.48 

± 1.70b

12.74 

± 1.33b

0.76 

± 0.17a

0.70 

± 0.12a

0.32 

± 0.06a

0.34 

± 0.04a

Herbmix-gr 

(n = 14)

73.22 

± 2.00b

72.85 

± 2.83b

25.66 

± 1.62a

25.99 

± 2.03a

0.74 

± 0.06a

0.76 

± 0.03a

0.38 

± 0.06a

0.40 

± 0.09a

Ornipgr 

(n = 14)

76.43 

± 1.98a

75.02 

± 2.14a

22.63 

± 0.58a

24.07 

± 0.58a

0.63 

± 0.08a

0.61 

± 0.17a

0.31 

± 0.03a

0.30 

± 0.03a

Contgr: Control group. DexaHepatogr: steroid-induced hepatopathy group. Herbmix-gr: Herbal mixture-treated group. Ornipgr: ORNIPURAL® treated group. # Control. *Dexamethasone treatment. ¶Herbal mixture or ORNIPURAL® treatment. abcMeans with different 
superscript letters in different sampling times were significantly different (p < 0.05) between Contgr, DexaHepatogr, Herbmix-gr, and Ornipgr in days 0, 7, 14, 21, and 28. According to Sastry (57); Khan et al. (91), reference values.
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TABLE 4 Mean values (M ± SD) of liver functions indices part one (total protein, albumin, globulin, and A/G ratio) in investigated dogs.

Total proteins (g/L) (54–71) (89) Albumin (g/L) (23–31) (90) Globulin (g/L) (27–44) (89) A/G ratio (0.59–1.11) (90)

Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶ Day 0# Day 7* Day 14* Day 21¶ Day 28¶

Contgr 

(n = 30)

62.33 

± 1.96a

30.09 

± 1.16a

32.24 

± 2.33a

0.93 

± 0.07a

DexaHepatogr 

(n = 29)

58.08 

± 1.74a

57.01 

± 2.11a

27.58 

± 2.16a

25.44 

± 1.94a

30.5 

± 2.16a

31.57 

± 2.31a

0.90 

± 0.04a

0.81 

± 0.08a

Herbmix–gr 

(n = 14)

59.04 

± 2.15a

60.29 

± 2.36a

27.63 

± 2.46a

28.12 

± 2.01a

31.41 

± 1.88a

32.17 

± 2.16a

0.88 

± 0.1a

0.87 

± 0.12a

Ornipgr 

(n = 14)

56.04 

± 1.87a

58.04 

± 1.92a

24.03 

± 2.26a

27.61 

± 2.53a

32.01 

± 1.88a

30.43 

± 2.16a

0.75 

± 0.09a

0.91 

± 0.06a

Contgr: Control group. DexaHepatogr: Steroid-induced hepatopathy group. Herbmix-gr: Herbal mixture-treated group. Ornipgr: ORNIPURAL® treated group. A/G: albumin/globulin ratio. # Control. *Dexamethasone treatment. ¶Herbal mixture or ORNIPURAL® 
treatment. aMeans with different superscript letters in different sampling times were significantly different (p < 0.05) between Contgr, DexaHepatogr, Herbmix-gr, and Ornipgr on days 0, 7, 14, 21, and 28. Reference values according to Kaneko et al. (89) and Khan et al. (90).

TABLE 5 Mean values (M ± SD) of liver functions indices part two (AST, ALT, ALP, total bilirubin, and direct bilirubin) in investigated dogs.

AST (U/L) (23–66) (89) ALT (U/L) (21–102) (89) ALP (U/L) (20–156) (89) Total bilirubin (μmol/L) (1.71–8.55) (89) Direct bilirubin (μmol/L) (0.17–8.38) 
(89)

Day 
0#

Day 
7*

Day 
14*

Day 
21¶

Day 
28¶

Day 
0#

Day 
7*

Day 
14*

Day 
21¶

Day 
28¶

Day 
0#

Day 
7*

Day 
14*

Day 
21¶

Day 
28¶

Day 
0#

Day 
7*

Day 
14*

Day 
21¶

Day 
28¶

Day 
0#

Day 
7*

Day 
14*

Day 
21¶

Day 
28¶

Contgr (n = 30)
38.55 

± 2.33d

44.61 

± 4.81d

104.05 

± 18.3c

7.35 

± 2.74a

2.22 

± 0.53a

DexaHepatogr 

(n = 29)

52.96 

± 8.22b

60.53 

± 10.27a

108.37 

± 7.46a

115.20 

± 9.39a

142.67 

± 15.83b

232.73 

± 29.68a

6.84 

± 2.91a

6.84 

± 2.75a

1.88 

± 0.41a

1.71 

± 0.71a

Herbmix-gr (n = 14)
56.61 

± 7.67a

44.90 

± 9.57c

76.16 

± 8.07b

57.33 

± 5.14c

92.1 

± 8.66c

64.8 

± 10.36d

7.18 

± 2.74a

7.35  

± 2.82a

1.37 

± 0.43a

1.88 

± 0.19a

Ornipgr (n = 14)
58.22 

± 8.02a

46.06 

± 7.33c

69.78 

± 10.15b

51.73 

± 4.89c

100 

± 13c

66.51 

± 8.81d

7.35 

± 1.62a

7.87 

± 1.62a

2.22 

± 0.34a

1.88 

± 0.17a

Contgr: Control group. DexaHepatogr: Steroid-induced hepatopathy group. Herbmix-gr: Herbal mixture-treated group. Ornipgr: ORNIPURAL® treated group. AST: Aspartate aminotransferase. ALT: Alanine aminotransferase. ALP: Alkaline phosphatase. #Control. 
*Dexamethasone treatment. ¶Herbal mixture or ORNIPURAL® treatment. a-dMeans with different superscript letters in different sampling times were significantly different (p < 0.05) between Contgr, DexaHepatogr, Herbmix-gr, and Ornipgr in days 0, 7, 14, 21, and 28. 
Reference values according to Kaneko et al. (89).
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less effective (1, 2, 4). The present study showed that the control dogs 
on day 0 had normal findings and suitable body weights. Their vital 
signs, including temperature, pulse, and respiratory rate, were within 
the reference values reported by Sturgess (49) and Sastry (57). Other 
reports added that anorexia, depression, lethargy, vomiting, diarrhea, 
bleeding tendencies, jaundice, weight loss, polydipsia, polyuria, 
ascites, and melena were typical clinical signs of liver disease (4, 9). 
Jaundice, anorexia, weight loss, nausea, abdominal pain, vomiting, 
and dehydration were the most observed signs in dogs with 
cholelithiasis (1, 5).

Steroid hepatopathy was a condition that only affected dogs. It 
usually appeared 2 to 3 days after using corticosteroids and was 
characterized by changes in the morphology and function of the 
liver (4). DexaHepatogr, in the current study after dexamethasone 
injection revealed dramatic changes in the clinical findings of the 
investigated dogs as well as lowering in their body weights and 
appetite scores were reported. The severity of clinical findings in 
DexaHepatogr was more evident on day 14 than on day 7. Skin 
lacerations and ruptured dermal abscesses were seen in DexaHepatogr 
on day 14. These findings were in agreement with Eman et al. (4), 
Tilley and Smith (58), and Abdou et  al. (59). Abdou et  al. (59) 
described further clinical findings associated with prolonged 
dexamethasone overdosing, including depression, polyuria, 
polydipsia, muscle weakness, polyphagia, panting, abdominal 
distention, and prostration. Plump (60) mentioned that muscle 
wasting, ataxia, and lethargy could be attributed to the direct effect 
of glucocorticoids on muscles. On the other side, these 
dermatological changes, such as the development of skin abscesses, 
skin rashes, and alopecia, might be owned to long-term steroid use, 
which caused atrophy of the skin, hair follicles, and pilosebaceous 
apparatus. Skin infections were shared due to dermal and decreased 
immunity; these findings were in agreement with Gouda (61). 
Davies (62) and Negasee (63) stated non-specific signs related to 
acute hepatitis, which included waxing and waning gastrointestinal 
signs, anorexia, weight loss, depression, lethargy, polydipsia, and 
polyuria. In contrast, specific clinical signs of acute cholecystitis 
were reported by Kumar and Srikala (7), Kumar et  al. (13), and 
Negasee (63), which that included anorexia, lethargy, vomiting, 
abdominal pain, and fever, mild to moderate jaundice and ileus. 
Many prescription drugs, such as steroids, cause liver disease in 
modern life, causing serious health problems (8, 30, 63). 
Glucocorticoids were used in dogs to treat inflammation and 
immunosuppression, but they had serious side effects when used for 
long periods (64).

Medicinal plants played an important role because they 
maintained health and cured various diseases, including liver 
disorders, without causing toxicity. Nowadays, more than half of all 
modern drugs in clinical use are derived from natural products (23). 
After treatment either with a herbal mixture of pomegranate peel 
extract and C. longa extract or with ORNIPURAL®, the dogs showed 
significant improvement in their body weights and appetite scores on 
days 21 and 28 when they compared with their values in DexaHepatogr. 
However, this substantial improvement was more significant in 
Herbmix-gr than Ornipgr. Paolinelli et al. (32) reported that turmeric, a 
powder derived from C. longa plant, inhibited lipid peroxidation, a 
degenerative process involving free radicals and polyunsaturated fatty 
acids, mainly arachidonic. The peroxidative effect on polyunsaturated 
fatty acids caused hepatic pathogenesis; turmeric had been shown to T
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be  beneficial in reducing body weight. In the current study, the 
investigated dogs at Herbmix-gr (day 21) and after treatment with herbal 
mixture displayed clear improvement in their activities and no 
lethargy with complete disappearance of alopecia, skin rashes, skin 
lacerations, and signs of dehydration as well as complete healing of 
ruptured skin abscess. These findings contradict those reported with 
Ornipgr, which needed more days of observation than those required 
by a herbal mixture until full recovery and healing of skin lesions 
were achieved.

Furthermore, signs of dehydration and incomplete restoring of 
dogs’ normal gait and appetite were observed on day 28 in Ornipgr. 
The previous studies mentioned that turmeric had long been known 
for its various medicinal properties, such as antiseptic, antibacterial, 
and anti-inflammatory, as well as its use in the treatment of digestive 
disorders, gastric upset, and liver and kidney disease. It stimulates bile 

production, improving digestion and eliminating toxins from the liver 
(34, 65–68). The anti-inflammatory properties of turmeric lowered the 
production of inflammation-inducing histamine, extending the action 
of the natural anti-inflammatory adrenal hormone cortisol and finally 
improving circulation by flushing toxins out of small joints where 
cellular wastes and inflammatory compounds were trapped. 
Turmeric’s hepatoprotective properties were primarily due to its 
antioxidative properties and ability to reduce the formation of 
proinflammatory cytokines. Turmeric, C. longa, and curcumin were 
used to treat biliary hyperplasia, fatty changes, and necrosis (30, 34, 
67). Pomegranate is high in carbohydrates, minerals, crude fiber, and 
various biologically active compounds such as vitamin C and phenolic 
compounds such as punicalagin and ellagic acid, known as natural 
antioxidants (69). It had been reported that pomegranate phenolic 
compounds and vitamin C had antioxidant and free radical scavenging 

FIGURE 8

Ultrasonogram in a 3-year-old male dog in the control group (day 0) with healthy liver imaged through the left lateral recumbency, that is, intercostal 
approach (right 11th ICSs) (A) or dorsal recumbency (subcostal approach) (B) using 7 MHz linear ultrasound transducer. It showed a normal 
ultrasonographic image of the hepatobiliary system. The normal hepatic parenchyma (A) has a uniform medium level of echogenicity, with interruption 
caused by the hepatic and portal veins (white arrows). The echotexture was coarser and more hypoechoic compared with the spleen (white head 
arrows) (B). Compared with the kidney, the liver had an increased echogenicity (curved white arrows) (B). The gall bladder (A) was anechoic and ovoid 
with a tapered neck (white asterisk). The wall of the gall bladder was not very clear at all. Cr: Cranial.

FIGURE 9

Ultrasonogram of longitudinal views of the liver in a 2-year-old male dog in a steroidal-induced hepatopathy group (DexaHepatogr) imaged through 
the dorsal recumbency (subcostal approach) using a 7 MHz linear ultrasound transducer. DexaHepatogr (day 7) showed a slight increase in echogenicity 
of the hepatic parenchyma (white head arrows), but it was still less than that of the spleen (black head arrows). The liver showed a focal hyperechoic 
area (white arrows) within the parenchyma. The hepatic parenchyma had a heterogeneous nature. Cr: Cranial.
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activity. Compared to the control, pomegranate significantly affected 
some oxidant and antioxidant enzymes in the liver (35). Pomegranate 
fruits and peels were used to treat cardiovascular disorders, had 

neuroprotective activity, a hypoglycemic effect, anti-cancer properties 
against prostate and colon cancer, antioxidant properties, and 
hepatoprotective properties (70).

FIGURE 10

Ultrasonogram of transverse views (A,B) and longitudinal views (C,D) and of the liver in a 2-year-old female dog in a steroidal-induced hepatopathy 
group (DexaHepatogr) imaged through the dorsal recumbency (subcostal approach) using 6 and 7 MHz linear ultrasound transducer or 5 MHz micro 
convex ultrasound. DexaHepatogr on day 14 showed a diffuse increase in hepatic parenchymal echogenicity (black arrows) as it was hyperechoic in 
comparison to the renal cortex (white curved arrows) and was like echogenicity of splenic parenchyma (white arrows). The diffuse and homogenous 
hyperechogenicity of the hepatic parenchyma caused indistinct visualization of the hepatic vessel wall. The hepatic parenchyma sometimes appeared 
heterogeneous and contained hypoechoic foci, most likely due to concurrent nodular hyperplasia (white head arrows). The gall bladder (black head 
arrows) was anechoic and ovoid with a tapered neck. The wall of the gall bladder was a thin echogenic line. Cr: Cranial.

FIGURE 11

Ultrasonogram of longitudinal views of the liver in a 2-year-old female dog in a herbal mixture-treated group (Herbmix-gr; day 21) imaged through the 
dorsal recumbency (subcostal approach) using 7 MHz linear ultrasound transducer. It showed normal hepatic parenchyma as a uniform medium level 
of echogenicity (white arrows). Compared with the spleen, the liver should have a reduced echogenicity (black arrows). Compared with the kidney, the 
liver had an increased echogenicity (white head arrows). Cr: Cranial.
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Temperature, pulse, and respiration showed no remarkable 
changes between Contgr, DexaHepatogr, DexaHepatogr, Herbmix-gr, 
and Ornipgr. Their vital signs, including temperature, pulse, and 
respiratory rate, were within the reference values reported by 
Sturgess (49) and Sastry (57). In liver diseases, C. longa’s potential 
ability to inhibit nuclear factor-kappa B, a modulator of several 
proinflammatory and profibrotic cytokines and its antioxidant 
properties, provided a pharmacological basis for its use. In liver 
diseases, C. longa, like silymarin, is a potent hepatoprotective and 
reduces hepatic damage in various acute and chronic liver injury 
models (33). Pomegranate peel reduces lipid peroxidation and 
nitric acid in the liver and kidney and has strong antioxidative 
properties, anti-inflammatory properties, anti-cancer activity, and 
anti-atherosclerotic effects. Pomegranate has hepatoprotective 
properties (35).

4.2 Whole blood picture indices

Sen et al. (12) added that a two-year-old Labrador Retriever bitch 
with ascites of hepato-cardiac origins had regular hemato-biochemical 
reports except TLC. These findings supported the current study and 
showed remarkable changes in whole blood picture indices. A 
significant reduction in RBCs and Hb in DexaHepatogr compared to 
their values in Contgr. These results contradicted McKay and Cidlowski 
(71), revealing that corticosteroids raised hemoglobin and RBCs in the 
blood in the first week, possibly by slowing erythrophagocytosis. 
Owing to herbal therapy or ORNIPURAL® treatment in the present 
study, RBCs and Hb concentrations were remarkably increased at 
Herbmix-gr or Ornipgr compared to their values in DexaHepatogr. RBCs 
and Hb concentrations were within the reference ranges in Contgr, 
Herbmix-gr, and Ornipgr. At the same time, the investigated dogs (anemic 

FIGURE 12

Ultrasonogram of longitudinal views of the liver in a 4-year-old male dog in an herbal mixture-treated group (Herbmix-gr; day 28) imaged through the 
dorsal recumbency (subcostal approach) using 7 MHz linear ultrasound transducer. It showed normal hepatic parenchyma as a uniform medium level 
of echogenicity (white arrows). The liver parenchyma had reduced echogenicity compared to the spleen (black arrows). Cr: Cranial.

FIGURE 13

Ultrasonogram of longitudinal views of the liver in a 3-year-old male dog in an ORNIPURAL®-treated group (Ornipgr; day 21) imaged through the 
dorsal recumbency (subcostal approach) using a 9 MHz linear ultrasound transducer. It showed a diffuse increase in hepatic parenchymal echogenicity 
(black arrows). The diffuse and homogenous hyperechogenicity of the hepatic parenchyma caused indistinct visualization of the hepatic vessel wall. 
The hepatic parenchyma sometimes appeared heterogeneous and contained hypoechoic foci, most likely due to concurrent nodular hyperplasia 
(white head arrows). The gall bladder (white asterisk) was anechoic and ovoid with a tapered neck. The wall of the gall bladder was fragile and was not 
clear. Cr: Cranial.
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animals) after experimental induction of hepatopathy in DexaHepatogr 
had lower RBCs and Hb concentrations than their reference ranges 
that were reported by Felman et  al. (72) and Reddy et  al. (73). 
Pomegranate is an anthelmintic, antidiarrheal agent with antioxidant 
activity and a practical effect against liver fibrosis (40).

On the other hand, anemia reported in hepatic affections, usually 
normocytic and normochromic, was related to inefficient use of 
systemic iron stores (74, 75). Moreover, anemia in dogs with liver 
diseases might be associated with RBC fragility, which results from 
high levels of bile acids (76, 77). Dogs treated with glucocorticoids 
showed an increase in total RBC count and PCV in the first week of 
dexamethasone injection, and this increase of RBCs might be due to 
retardation of erythrophagocytosis, polycythemia allowed increase of 
PCV% due to decrease in plasma protein. After the second week, the 
level of RBCs and PCV showed a significant sharp decrease (61, 75).

Regarding PCV values, they were not remarkably changed 
between Contgr, Herbmix-gr, DexaHepatogr, and Ornipgr where they were 
within the reference ranges that were reported by Sudhakara Reddy 
et al. (73) and Atata et al. (78). TLC and neutrophil values showed a 
remarkable elevation after experimental induction of hepatopathy in 
dogs in DexaHepatogr. At the same time, lymphocytes were 
significantly reduced compared with their values in Contgr, Herbmix-gr, 
and Ornipgr and their reference ranges reported by Felman et al. (72) 
and Atata et al. (78). The previous studies added that leukocytosis was 
observed in dogs given an overdose of glucocorticoids, as well as 
neutrophilia, lymphopenia, and eosinopenia, as indicators of the 
immunosuppressive effect of glucocorticoids (79). Moreover, 
glucocorticoid treatment caused an increase in polymorphonuclear 
leukocytes in blood due to a faster rate of entry from the marrow and 
a slower rate of removal from the vascular compartment.

In contrast, after glucocorticoid administration, the number of 
lymphocytes, eosinophils, monocytes, and basophils decreased (71). 
Except for Hb, the whole blood picture indices, including RBCs, PCV, 
TLC, and DLC, showed no remarkable changes between Contgr, 
Herbmix-gr, and Ornipgr. Hb concentrations significantly decreased in 
Ornipgr when compared with their values at Herbmix-gr. On the other 
hand, abnormalities in hematology analysis in animals with gall 

bladder issues might involve non-regenerative anemia or neutrophilic 
leukocytosis with or without a left shift, and toxic changes were usually 
seen (80, 81). Hemograms in animals with hepatobiliary disorders 
exhibited anemia or erythrocyte morphologic abnormalities (82, 83), 
while cholelithiasis animals revealed a normal haemogram except for 
leukocytosis with neutrophilia (8, 12, 84). Complete blood counts 
were usually unremarkable in dogs with gallbladder mucocele, with 
leukocytosis evident in 46.9% of the cases. The leukocytosis can 
be  characterized by left-shift neutrophilia (regenerative or 
degenerative) (85, 86).

4.3 Liver function indices

Dogs with liver disease could be subclinical for a long time. 
Furthermore, since these subclinical animals often had regular 
biochemical examinations, they were difficult to diagnose using 
current screening methods (3, 4). Glucocorticoids caused hepatic 
glycogen accumulation and increased induced and intracellular 
liver enzymes in dogs. This type of hepatopathy was typically 
reversible (87, 88). Unfortunately, several complications have been 
recorded as a result of corticosteroid use. Steroid hepatopathy was 
one of the most common pathologies in dogs treated with 
corticosteroids (16, 88). The present results revealed that serum 
concentrations of TP, albumin, and globulin, and A/G ratio 
showed no remarkable changes between Contgr, DexaHepatogr, 
Herbmix-gr, and Ornipgr. Moreover, they were within the reference 
ranges that were stated by Elhiblu et al. (75), Kaneko et al. (89), 
and Khan et al. (90).

In contrast, because the liver was the primary site for protein 
synthesis and degradation, hypoproteinemia was the most common 
finding in chronic disorders such as cirrhosis and portosystemic 
vascular abnormalities. Low serum albumin concentrations as a result 
of liver disease indicated diffuse and chronic hepatopathies. 
Hypoalbuminemia might also be caused by decreased nutrient uptake 
due to hepatopathies (75). Cirrhosis has been shown to impair 
albumin and prothrombin synthesis (83). Salama et al. (30) stated that 

FIGURE 14

Ultrasonogram of longitudinal views of the liver in a 3-year old s-male dog in an ORNIPURAL® treated group (Ornipgr; day 28) imaged through the 
dorsal recumbency (subcostal approach) using a 7 MHz linear ultrasound transducer. The liver parenchyma became slightly normal as it had uniform 
homogenous numerous echoes (white arrows), with interruption caused by the hepatic and portal veins. The hepatic vasculatures (white asterisk) were 
relatively imaged. However, the hepatic parenchyma echogenicity was like the echogenicity of splenic parenchyma (white head arrows). Cr: Cranial.
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the ethanol extract of C. longa rhizomes is a promising therapy for 
treating liver cirrhosis. In contrast, an improvement in the level of TP 
in rats was reported. Sen et al. (12) described standard biochemical 
profiles in ascites of hepato-cardiac origin in a two-year-old Labrador 
Retriever bitch.

Serum activities of AST, ALT, and ALP significantly increased in 
DexaHepatogr compared to their values in Contgr. This significant 
elevation disappeared due to herbal therapy or due to ORNIPURAL® 
therapy. In contrast, their serum activities were remarkably reduced 
in Herbmix-gr and Ornipgr, particularly on day 28, compared to their 
values in DexaHepatogr. In contrast, although a significant decline in 
serum activities of liver enzymes at Herbmix-gr or Ornipgr, was 
reported after therapy, on days 21 and 28, serum activities of AST, 
ALT, and ALP were still significantly higher than their values in 
Contgr (day 0). Serum activities of AST, ALT, and ALP were within 
the reference ranges that were reported by Assawarachan et al. (15), 
Elhiblu et  al. (75), Atata et  al. (78), and Kaneko et  al. (89). No 
remarkable changes were noted in serum AST, ALT, and ALP 
between Herbmix-gr and Ornipgr. These findings were consistent with 
the previously reported findings of Eman et al. (4), Abdou et al. (59), 
and Khan et al. (91).

Increased serum AST and ALT activities indicated hepatic cell 
injury with enzyme leakage. A corticosteroid-induced enzyme caused 
high serum ALP activity, which might be related to glycogen synthesis 
(87). In animals with hepatocellular injury, increases in either ALT or 
AST activity demonstrated leakage of the enzymes and hepatocellular 
membrane damage. An increase in AST serum without increased ALT 
activity indicated extrahepatic issues, such as muscle injury. Both ALT 
and AST levels were regarded as hepatocellular “leakage” enzymes. 
When persistent increases in ALT were characteristic of chronic 
hepatitis in dogs, this was a sign of liver disease. With an 85% 
sensitivity, ALP was considered a sensitive marker for cholestasis (4, 
15, 83). Many studies referred to the ethanol extract of C. longa 
rhizomes as a promising therapy for preventing and treating 
liver cirrhosis.

In contrast, a significant reduction in AST, ALT, and ALP serum 
activities was reported after liver fibrosis treatment with ethanol 
extract of C. longa compared with their serum levels before C. longa 
treatment (30, 33). Pomegranate peel extract had a protective effect 
against ccl4-induced liver fibrosis and could be used to treat liver 
fibrosis (40). Pomegranate peel has a protective effect on the liver. It 
improved the level of liver enzymes such as ALT and AST in liver 
disease, which were remarkably reduced after being treated with 
pomegranate peel compared with their levels before pomegranate 
treatment (70). Furthermore, other articles showed that chronic 
pomegranate peel extract supplementation reduced oxidative 
damage to the liver and improved hepatic structure and functions 
because pomegranate is a popular plant with high nutritive value 
and high antioxidant activity. It reduced lipid peroxidation and 
nitric acid in the liver and kidney. Its hepatoprotective effect and 
highly antioxidant capacity are reflected through its efficacy to 
significantly lower serum activities of AST, ALT, and ALP in diseased 
animals with liver fibrosis after treatment with pomegranate 
(35, 92–94).

Serum concentrations of total bilirubin and direct bilirubin 
showed no significant changes between Contgr, DexaHepatogr, 
Herbmix-gr, and Ornipgr. Moreover, they were within the reference 
ranges mentioned by Elhiblu et  al. (75) and Kaneko et  al. (89). T

A
B

LE
 7

 T
h

e 
m

ai
n

 h
is

to
p

at
h

o
lo

g
ic

al
 le

si
o

n
s 

o
f 

th
e 

liv
er

 in
 in

ve
st

ig
at

ed
 d

o
g

s.

H
yd

ro
p

ic
 

d
e

g
e

n
e

ra
ti

o
n

s
St

e
at

o
si

s
N

e
cr

o
ti

c 
h

e
p

at
o

cy
te

s
R

o
u

n
d

 c
e

lls
 

in
fi

lt
ra

ti
o

n
s

D
ila

te
d

 h
e

p
at

ic
 b

lo
o

d
 

ve
ss

e
ls

 a
n

d
 s

in
u

so
id

s
H

e
m

o
rr

h
ag

e

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

D
ay

 
0

#
D

ay
 

14
*

D
ay

 
2

8
¶

C
on

tgr
 (n

 =
 3

0)
X

X
X

X
X

X

D
ex

aH
ep

at
ogr

 

(n
 =

 2
9)

√
√

√
√

√
√

√
√

√
√

√
√

√

H
er

bm
ix

-g
r  

(n
 =

 1
4)

X
X

X
√

√
X

O
rn

ip
gr

 (n
 =

 1
4)

X
X

X
X

√
X

C
on

tgr
: C

on
tr

ol
 g

ro
up

. D
ex

aH
ep

at
ogr

: S
te

ro
id

al
-in

du
ce

d 
he

pa
to

pa
th

y 
gr

ou
p.

 H
er

bm
ix

-g
r : H

er
ba

l m
ix

tu
re

-t
re

at
ed

 g
ro

up
. O

rn
ip

gr
: O

RN
IP

U
RA

L®
 tr

ea
te

d 
gr

ou
p.

 # C
on

tr
ol

. *
D

ex
am

et
ha

so
ne

 tr
ea

tm
en

t. 
¶ H

er
ba

l m
ix

tu
re

 o
r O

RN
IP

U
RA

L®
 tr

ea
tm

en
t. 

X
: N

o 
ch

an
ge

s. 
√

: M
ild

 
ch

an
ge

s. 
√

√
: M

od
er

at
e 

ch
an

ge
s. 

√
√

√
: S

ev
er

e 
ch

an
ge

s.

https://doi.org/10.3389/fvets.2025.1564648
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Khalphallah et al. 10.3389/fvets.2025.1564648

Frontiers in Veterinary Science 19 frontiersin.org

Serum bilirubin levels might be elevated due to hepatocyte damage 
and decreased elimination (75). Hepatic abscesses are uncommon 
in dogs with higher levels of bilirubin, ALP, and ALT (95). Gouda 
(61) discovered that the total bilirubin level in steroid-induced 
hepatopathy was remarkably increased by the fourth week compared 
to a healthy one. Total bilirubin was less sensitive but more specific 
than liver enzymes in identifying hepatobiliary diseases. Eman et al. 
(4) mentioned that the bilirubin level at the 14th day of steroid-
induced hepatopathy in dogs was within the reference range and did 
not significantly increase. Small et al. (85) mentioned that serum 
biochemistry in dogs with gallbladder mucocele revealed increased 
liver enzymes, including ALP (98.2% of cases), ALT (87.4% of 
cases), GGT (85.7% of cases), and AST (62.2% of cases). 
Hyperbilirubinemia is reported in 83.2% of the cases in the current 
literature (86, 96, 97).

4.4 Kidney functions indices

Kidney function indicators displayed remarkable alterations in 
serum concentrations of BUN and Cr. In contrast, significant 
elevations in serum levels of BUN and Cr were reported in Contgr and 
treated group (Herbmix-gr or Ornipgr) compared with their values in 

DexaHepatogr. These essential changes disappeared between Herbmix-gr 
and Ornipgr. Furthermore, they were within their reference ranges 
reported by Elhiblu et  al. (75) and Kaneko et  al. (89). Renal 
dysfunction has been identified as a common complication in patients 
with advanced liver disease. As a result, the increased BUN and Cr 
levels could be attributed to impaired kidney function associated with 
liver cirrhosis due to the liver’s decreased capacity to detoxify harmful 
products (75). In contrast, Gong et al. (98) stated that the level of Cr 
decreased after dexamethasone injection, while Assawarachan et al. 
(15) reported normal blood levels of BUN and Cr in dogs with 
hepatic disease.

4.5 Ultrasonographic findings

In dogs, the liver was composed of four lobes, four sub lobes, and 
two processes—left lobe (lateral and medial), quadrate lobe, right lobe 
(lateral and medial), and caudate lobe (caudate and papillary 
processes) (99, 100), which could not be easily distinguished unless 
separated by peritoneal effusion. Ultrasonography, liver biopsy, and 
biochemical analysis complemented each other in diagnosing 
glucocorticoid-induced hepatopathy and should be  used in 
conjugation to interpret the results (59). The current study revealed 

FIGURE 15

Photomicrographs of the liver in a healthy dog (Day 0) showing normal of most hepatic parenchyma.

FIGURE 16

Photomicrograph of the liver in a dog at steroidal-induced hepatopathy group (DexaHepatogr day 14) showing perivascular hydropic degenerations 
within hepatic parenchyma (black arrows) and thrombus formation (curved black arrows) within hepatic blood vessels beside necrotic tunica intema 
(head black arrows). [H&E X 400].
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FIGURE 17

Photomicrograph of the liver in a dog in an herbal mixture-treated group (Herbmix-gr; day 28) showing normal of most hepatic parenchyma (White 
arrows), focal necrotic area infiltrated with mononuclear cells (Black arrows), microsteatosis in some hepatocytes (blue arrows) and dilated hepatic 
blood vessels (white head arrows) and sinusoids (black head arrows) [H&E X100 for (a); H&E X400 for (b–d)].

FIGURE 18

Photomicrograph of the liver in a dog at ORNIPURAL® treated group (Ornipgr; day 28) showing normal hepatic parenchyma (black arrows), unicellular 
necrotic changes of some hepatocytes (blue arrows) and congestion of portal vein (Blue head arrows) [H&E X100 for (a); H&E X400 for (b–d)].
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Contgr in 0 days and showed a standard ultrasonographic image of the 
hepatobiliary system and its vasculatures. In contrast, the hepatic 
parenchyma appeared uniform and homogenous, with numerous 
echoes and interruptions caused by the hepatic and portal veins. The 
echotexture is more hypoechoic compared with the spleen and 
hyperechoic compared with the kidney. These findings agreed with 
Penninck and d’Anjou (14), Mannion (52), Rademacher (53), and 
Ahmed et  al. (54). In contrast, the normal liver parenchyma had 
uniform echogenicity of medium intensity, which was equal to or 
slightly more echogenic than splenic parenchyma (101). The 
dimension of the liver could not be effectively established due to the 
overlapping liver lobes. However, the area where the liver could 
be imaged had been established at the right abdominal flank region 
caudal to the ribs (102). The afferent vascular flow to the liver was 
dual, with a more significant proportion coming from the PV and the 
rest from the hepatic arteries (99). The efferent flow followed the 
hepatic veins into the caudal vena cava (CVC). This particular vascular 
pattern was divided into all hepatic lobes and could aid in 
distinguishing these lobes (14).

The common suggestions for liver ultrasonographical examination 
include unexplained weight loss, masses in the liver region, ascites, 
metastases, fever of unknown origin, abdominal pain, icterus, and 
trauma (13, 103). Regarding the present results, DexaHepatogr on day 
7 in both the herbal mixture and ORNIPURAL® groups showed a 
slight increase in echogenicity of the hepatic parenchyma. However, it 
was still less than the spleen reported ultrasonographically. The liver 
showed a focal hyperechoic area within the liver parenchyma. On day 
14, DexaHepatogr showed a diffuse increase in hepatic parenchymal 
echogenicity and it was hyperechoic compared to the renal cortex and 
was like echogenicity of splenic parenchyma. The diffuse and 
homogenous hyperechogenicity of the hepatic parenchyma in 
hepatopathy-infected dogs resulted in a significant decrease in 
clearance of the hepatic vessel wall. These results were in agreement 
with Rademacher (53), Ahmed et al. (54), Abdou et al. (59), Gouda 
(61), and Nyland et al. (103). The hepatic parenchyma sometimes 
appeared heterogeneous and contained hypoechoic foci, most likely 
due to concurrent nodular hyperplasia. Vacuolar hepatopathy 
associated with steroid hepatopathy and hepatic lipidosis was common 
in small animals and often occurred with other primary disorders 
(53). These findings were supported by Abdou et  al. (59), who 
observed a slight increase in hepatic echogenicity compared with the 
liver-spleen echogenicity on day 7  in dogs with experimentally 
induced steroid hepatopathy, which reflected the hepatic damage due 
to vacuolation of hepatocytes (104). These findings were supported by 
cytological and histopathologic findings that revealed mild to 
moderate hepatic vacuolation. At days 14, 21, and 28, a pronounced 
and progressive increase in hepatic echogenicity was noticed, which 
reflected the advanced hepatic damage due to the vacuolation of 
hepatocytes (59, 104). Moreover, Gouda (61) reported that the 
glucocorticoid-induced hepatopathy allowed glycogen accumulation 
in the hepatic cells, which appeared as granules caused hepatocellular 
granulation, so parenchymal echogenicity was increased gradually by 
prolonging the duration of using of glucocorticoids, as begin as focal 
changes then become diffuse. In steroid-induced hepatopathy, the 
liver parenchyma appears more hypoechoic than the spleen. It became 
isoechoic in the first week of the experiment, and the liver became 
more hyperechogenic than the spleen.

On the other hand, unfortunately, ultrasound was good at 
identifying lesions but not so good at differentiating lesion type (13). 
Moreover, Eman et  al. (4) reported a diffuse decrease in hepatic 
echogenicity in acute hepatitis on ultrasonography while an increase 
in hepatic echogenicity and anechoic ascetic fluid in chronic hepatitis. 
Sen et al. (12) described the diagnosis of ascites of hepato-cardiac 
origin in a 2 years old Labrador Retriever bitch using ultrasonography 
in which the animal was suffering from chronic cough and recurrent 
ascites for more than 6 months. The physical examination revealed 
ascites, confirmed through ultrasonography and hepatic cyst. 
However, the whole blood picture indices and serum biochemical 
parameters were standard.

After 7 days of treatment with an herbal mixture of C. longa 
extract and pomegranate peel extract, hepatic ultrasonography of 
examined dogs shoed that liver parenchyma returned to normal, 
and the hepatic parenchyma appeared as uniform homogenous 
numerous echoes. The same ultrasonographic findings were 
reported for the liver at Herbmix-gr (Day 28). In contrast, after 
7 days of treatment with ORNIPURAL®, the diffuse and 
homogenous hyperechogenicity of the hepatic parenchyma was 
still visualized in hepatopathy-infected dogs, resulting in a 
significant decrease in clearance of the portal vein wall and more 
clearance to the hepatic vein. After 14 days of treatment with 
ORNIPURAL®, hepatic ultrasonography of Ornipgr on day 28 
showed that liver parenchyma became slightly normal as it had 
uniform homogenous numerous echoes; however, the liver had an 
increase in its parenchymal echogenicity. Ahmed et  al. (54) 
reported that after 7 days of treatment with C. longa extract in 
dogs with steroidal-induced hepatopathy, the ultrasonographical 
picture of the liver showed a slight decrease in echogenicity of the 
liver parenchyma, which began to improve on day 14 of treatment. 
Liver parenchyma improved more nearly to become normal. 
Furthermore, Kozat and Sepehrizadeh (83) added that hepatic 
lipidosis could be diagnosed slightly more accurately than other 
diffuse hepatic diseases. Commonly, ultrasonography has been 
confirmed to be an effective tool for evaluating the progression of 
canine hepatopathy that might be owning to its ability to assess 
the hepatic parenchymal structure (105) and subjective visual 
comparison of liver echogenicity with normal spleen was an 
accepted method for detecting diffuse changes in hepatic 
echogenicity (59, 82, 106).

4.6 Histopathological findings

Histopathology was still regarded as the diagnostic gold standard 
(107). A liver biopsy was necessary for the diagnosis of canine liver 
disease. A biopsy must reliably represent the abnormalities throughout 
the hepatic parenchyma to diagnose diffuse liver disease accurately. 
Liver biopsy should be collected from more than one lobe (107, 108). 
The current study mentioned that histopathological findings of the 
liver in control healthy dogs (Day 0) showed normal parenchyma as 
the hepatic parenchyma contains plates and sinusoids, which were 
usually one cell thick and have a regular arrangement around the 
central hepatic vein, causing a radiating pattern of the sinusoidal 
network. Individual hepatocytes were polygonal, had a pale to 
eosinophilic cytoplasm, clearly outlined cell margins, the nucleus was 
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centrally placed, and one or more nucleoli might be recognized. These 
findings matched those of Ahmed et al. (54), Hübscher (107), and 
Cullen et al. (109).

Abdou et al. (59) confirmed that the ultrasonographic findings 
were usually supported by cytological and histopathologic 
findings in dogs with glucocorticoid-induced hepatopathy, which 
revealed that nearly all the hepatocytes were distended by multiple 
vacuoles of different sizes with little visible cytoplasm, where the 
hepatocytes appeared as large vacuolated cells with a peripherally 
positioned nucleus. These hepatic morphologic alterations have 
been attributed variably to intercellular edema (110), accumulation 
of cytoplasmic lipids (111), or glycogen (112). The current study 
showed that DexaHepatogr on day 14 in each herbal mixture group 
and ORNIPURAL® group showed histopathological changes in 
the liver of dogs with steroidal-induced hepatopathy. In contrast, 
hydropic degenerations were visualized within hepatic 
parenchyma (55%) and thrombus formation within the hepatic 
blood vessels adjacent to necrotic tunica intima. These findings 
were consistent with Eman et al. (4), Ahmed et al. (54), Abdou 
et al. (59), French et al. (113), and Pereira et al. (114). Exogenous 
or endogenous glucocorticoids excess was associated with 
glycogen accumulation in the cytoplasm of hepatocytes, which 
appeared as distended to two to three times the size of normal 
hepatocytes with lacey and wispy vacuolation on histopathological 
examination (113). Swollen hepatocytes with eosinophilic 
cytoplasm strands without nucleus displacement from the center 
were the significant histopathological changes in steroid-induced 
hepatopathy in dogs (109, 115).

After 14 days of treatment with an herbal mixture of 
Curcuma longa extract and pomegranate peel extract, Herbmix-gr 
reported histopathological changes in the liver sections. In 
contrast, they showed that majority of the hepatic parenchyma 
appeared normal. However, the focal necrotic area infiltrated 
with mononuclear cells associated with microsteatosis in some 
hepatocytes (15%) was visualized. Dilated hepatic blood vessels 
and dilated sinusoids were also encountered. These results 
agreed with Salama et al. (30) and Farjam et al. (33). The current 
study also added that the histopathological findings of hepatic 
parenchyma in steroidal-induced hepatopathy dogs after 14 days 
of treatment with ORNIPURAL® at Ornipgr (day 28) showed 
normal hepatic parenchyma. However, unicellular degenerative 
(10%), necrotic changes of some hepatocytes, and congestion of 
some portal veins were also noticed. Ahmed et al. (54) reported 
that after 7 days of treatment with C. longa extract in dogs with 
steroidal-induced hepatopathy, the histopathological changes in 
the liver sections showed randomly distributed degenerative 
changes, mainly steatosis (25%) and acute cell swelling beside 
the presence of hemosiderin-laden macrophages and round cells 
infiltration around the central veins. Badylak and Van Vleet 
(116) stated that corticosteroids caused a characteristic pattern 
of vascularization, cytoplasmic vacuolation, and glycogen 
accumulation within hepatocytes when given to dogs. Eman 
et  al. (4) mentioned that cytology revealed hepatic vacuolar 
degeneration, and histopathology revealed necrosis and 
apoptosis of hepatocytes in acute hepatitis while revealing 
massive fibrous tissue proliferation in hepatic parenchyma in 
chronic hepatitis.

5 Conclusion

The present study reported the most remarkable efficacy of both 
ORNIPURAL® and herbal mixture of C. longa extract and pomegranate 
peel extract as hepatoprotective medicaments in dogs’ therapy of 
dexamethasone-induced fatty liver. Therefore, 14 days of treatment 
with either a herbal mixture or ORNIPURAL® in treated dogs 
(treatment groups) induced an unmistakable improvement in their 
clinical status, blood pictures, and serum hepatorenal parameters as 
well as characteristic sonographic and histopathological findings 
compared with those in dexamethasone-induced hepatic lipidosis 
(hepatopathy groups). Compared to dogs treated with ORNIPURAL®, 
this clinical improvement was more evident in dogs treated with an 
herbal mixture. Consequently, all abnormal clinical findings 
disappeared in dogs treated with an herbal mixture on day 14 following 
therapy. However, these findings were still observed to a lesser degree 
in dogs treated with ORNIPURAL®. Moreover, no significant 
alterations in blood pictures and serum hepatorenal indices were 
demonstrated between ORNIPURAL® and herbal-treated dogs. 
Overall, the herbal mixture of C. longa extract and pomegranate peel 
extract had higher efficacy and greater potency than conventional 
therapy that uses ORNIPURAL® in treating dogs with hepatopathy. 
Moreover, the study also recommended the parallel use of this herbal 
mixture as well as ORNIPURAL® in long-term therapeutic strategies 
in dogs with dexamethasone-induced fatty liver as both subsided and 
minimized dexamethasone side effects. After 14 days of treatment with 
either an herbal mixture or with ORNIPURAL®, the histopathological 
changes in the liver sections of treated dogs showed that majority of the 
hepatic parenchyma appeared normal. Ultrasonography, as the sole 
diagnostic technique, was not enough to evaluate hepatobiliary 
disorders in canines. Thus, there was a need for other diagnostic tools 
such as clinical findings, laboratory assays, histopathology, and others.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The authors confirmed that the study was reported following 
ARRIVE guidelines (https://arriveguidelines.org) approved by the 
ethical committee of the Faculty of Veterinary Medicine, Assiut 
University, Egypt (Approval number: 06/2025/0307). The study 
follows the Egyptian bylaws and OIE animal welfare standards for 
animal care and use in research and education. Written informed 
consent was obtained from the owners for the participation of their 
animals in this study.

Author contributions

AK: Conceptualization, Methodology, Project administration, 
Writing  – original draft, Writing  – review & editing. SM: 
Investigation, Writing  – original draft. AA: Data curation, 

https://doi.org/10.3389/fvets.2025.1564648
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://arriveguidelines.org


Khalphallah et al. 10.3389/fvets.2025.1564648

Frontiers in Veterinary Science 23 frontiersin.org

Writing – original draft. DH: Investigation, Supervision, Writing – 
review & editing. LA-S: Formal analysis, Writing – original draft. LA: 
Conceptualization, Writing  – review & editing. EA-l: 
Conceptualization, Formal analysis, Methodology, Writing – original 
draft. MS: Investigation, Methodology, Writing – review & editing. 
EA: Formal analysis, Supervision, Writing  – original draft. EE: 
Conceptualization, Investigation, Methodology, Writing – original 
draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This research was funded by 
Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia 
Researchers Supporting Project number (PNURSP2025R365).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1564648/
full#supplementary-material

References
 1. Rothuizen J. Hepatitis in dogs. In: Weber O, Protzer U, (editors). Comparative 

hepatitis. Birkhäuser Advances in Infectious Diseases. Switzerland: Basel, Birkhäuser 
Basel (2008).

 2. Dirksen K, Verzijl T, Grinwis GC, Favier RP, Penning LC, Burgener IA, et al. Use of 
serum MicroRNAs as biomarker for hepatobiliary diseases in dogs. J Vet Intern Med. 
(2016) 30:1816–23. doi: 10.1111/jvim.14602

 3. Fieten H, Hooijer-Nouwens BD, Biourge VC, Leegwater PA, Watson AL, van den 
Ingh TSGAM, et al. Association of dietary copper  and zinc levels with hepatic 
copper  and zinc concentration in Labrador retrievers. J Vet Intern Med. (2012) 
26:1274–80. doi: 10.1111/j.1939-1676.2012.01001.x

 4. Eman SR, Kubesy AA, Baraka TA, Torad FA, Shaymaa IS, Mohammed FF. 
Evaluation of hepatocyte-derived microRNA-122 for diagnosis of acute and chronic 
hepatitis of dogs. Vet World. (2018) 11:667–73. doi: 10.14202/vetworld.2018.667-673

 5. Poldervaart JH, Favier RP, Penning LC, van den Ingh TS, Rothuizen J. Primary 
hepatitis in dogs: a retrospective review (2002-2006). J Vet Intern Med. (2009) 23:72–80. 
doi: 10.1111/j.1939-1676.2008.0215.x

 6. Boomkens SY, Penning LC, Egberink HF, van den Ingh TS, Rothuizen J. Hepatitis 
with special reference to dogs. A review on the pathogenesis and infectious etiologies, 
including unpublished results of recent own studies. Vet Q. (2004) 26:107–14. doi: 
10.1080/01652176.2004.9695174

 7. Kumar KS, Srikala D. Diagnosis and management of cholecystitis in dogs. Int J 
Agric Sc Vet Med. (2014) 2:13–5.

 8. Hemanth Srinivas A, Venkatesh T, Lakshmi K, Radha Krishna Rao J. Successful 
Management of Ascites of hepatic origin in a pup. Int J Curr Microbiol App Sci. (2020) 
9:269–73. doi: 10.20546/ijcmas.2020.901.031

 9. Richter KP. Diseases of the liver and hepatobiliary system In: TR Tams, editor. 
Textbook of small animal gastroenterology. 2nd ed. USA: Elsevier Science (2003). 
286–352. doi: 10.1016/B978-0-7216-8676-9.50013-2

 10. Pastor M, Chalvet-Monfray K, Marchal T, Keck G, Magnol JP, Fournel-Fleury C, 
et al. Genetic and environmental risk indicators in canine non-Hodgkin's lymphomas: 
breed associations and geographic distribution of 608 cases diagnosed throughout 
France over 1 year. J Vet Intern Med. (2009) 23:301–10. doi: 
10.1111/j.1939-1676.2008.0255.x

 11. Banzato T, Gelain ME, Aresu L, Centelleghe C, Benali SL, Zotti A. Quantitative analysis 
of ultrasonographic images and cytology in relation to histopathology of canine and feline 
liver: an ex-vivo study. Res Vet Sci. (2015) 103:164–9. doi: 10.1016/j.rvsc.2015.10.002

 12. Sen C, Majie A, Mukherjee J, Ghosh D, Mukherjee P, Kesh S, et al. Ascites of 
hepato-cardiac origin in a Labrador retriever dog. Indian. J Anim Health. (2018) 
57:99–102. doi: 10.36062/ijah.57.1.2018.99-102

 13. Kumar V, Kumar A, Varshney AC, Tyagi SP, Kanwar MS, Sharma SK. Diagnostic, 
imaging of canine hepatobiliary affections: a review. J Vet Med Int. (2012) 2012:15. doi: 
10.1155/2012/672107

 14. Penninck D, d’Anjou M. Atlas of small animal ultrasonography. 2nd ed. USA: Iowa 
50010. Ames; Wiley Blackwell: John Wiley & Sons Inc (2015).

 15. Assawarachan SN, Chuchalermporn P, Maneesaay P, Thengchaisri N. Evaluation 
of hepatobiliary ultrasound scores in healthy dogs and dogs with liver diseases. Vet 
World. (2019) 12:1266–72. doi: 10.14202/vetworld.2019.1266-1272

 16. Kondratjeva J, Birģele E. Corticosteroid-induced hepatopathy in dogs. Res Rural 
Dev. (2015) 1:179–82.

 17. Fielder FG, Hoff EJ, Thomas GB, Tolksdorf S, Perlman PL, Cronin MTA. Study of 
the subacute toxicity of prednisolone, methylprednisolone, and triamcinolone in dogs. 
Toxicol Appl Pharmacol. (1959) 1:305–14. doi: 10.1016/0041-008X(59)90115-2

 18. Kondratjeva J, Birģele E. Corticosteroid-induced alteration in liver function in 
dogs and its decrease possibilities. Res Rural Dev. (2014) 1:195–8.

 19. Feldman EC, Nelson RW. Canine and feline endocrinology and reproduction. 2nd 
ed. USA: Saunders; Philadelphia (1996). 187 p.

 20. Rogers WA, Ruebner BHA. Retrospective study of probable glucocorticoid-
induced hepatopathy in dogs. J Am Vet Med Assoc. (1977) 170:603–6.

 21. Dorner JL, Hoffmann WE, Lang G. Corticosteroid induction of an isoenzyme of 
alkaline phosphatase in the dog. Am J Vet Res. (1974) 35:1457–8.

 22. Fittschen C, Bellamy JE. Prednisone treatment alters the serum amylase and lipase 
activities in normal dogs without causing pancreatitis. Can J Comparat Med. (1984) 
48:136–40.

 23. Govind P. Medicinal plants against liver diseases. IRJP. (2011) 2:115–21.

 24. Kumar S, Pandey AK. Chemistry and biological activities of flavonoids: an 
overview. Sci World J. (2013) 2013:162750. doi: 10.1155/2013/162750

 25. Panche AN, Diwan AD, Chandra SR. Flavonoids: an overview. J Nutr Sci. (2016) 
5:e47. doi: 10.1017/jns.2016.41

 26. Girish C, Pradhan SC. Drug development for liver diseases: focus on picroliv, 
ellagic acid and curcumin. Fundam Clin Pharmacol. (2008) 22:623–32. doi: 
10.1111/j.1472-8206.2008.00618.x

 27. Jurenka JS. Anti-inflammatory properties of curcumin, a major constituent of 
Curcuma longa: a review of preclinical and clinical research. Alternative medicine 
review. J Clin Therap. (2009) 14:141–53.

 28. Sharifi-Rad J, Rayess YE, Rizk AA, Sadaka C, Zgheib R, Zam W, et al. Turmeric 
and its major compound curcumin on health: bioactive effects and safety profiles for 
food, pharmaceutical, biotechnological and medicinal applications. Front Pharmacol. 
(2020) 11:1021. doi: 10.3389/fphar.2020.01021

 29. Singh N, Gupta S, Rathore V. Comparative antimicrobial study of ethanolic extract of 
leaf and rhizome of Curcuma longa Linn. Pharm J. (2017) 9:208–12. doi: 10.5530/pj.2017.2.35

 30. Salama SM, Abdulla MA, AlRashdi AS, Ismail S, Alkiyumi SS, Golbabapour S. 
Hepatoprotective effect of ethanolic extract of Curcuma longa on thioacetamide induced 

https://doi.org/10.3389/fvets.2025.1564648
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1564648/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1564648/full#supplementary-material
https://doi.org/10.1111/jvim.14602
https://doi.org/10.1111/j.1939-1676.2012.01001.x
https://doi.org/10.14202/vetworld.2018.667-673
https://doi.org/10.1111/j.1939-1676.2008.0215.x
https://doi.org/10.1080/01652176.2004.9695174
https://doi.org/10.20546/ijcmas.2020.901.031
https://doi.org/10.1016/B978-0-7216-8676-9.50013-2
https://doi.org/10.1111/j.1939-1676.2008.0255.x
https://doi.org/10.1016/j.rvsc.2015.10.002
https://doi.org/10.36062/ijah.57.1.2018.99-102
https://doi.org/10.1155/2012/672107
https://doi.org/10.14202/vetworld.2019.1266-1272
https://doi.org/10.1016/0041-008X(59)90115-2
https://doi.org/10.1155/2013/162750
https://doi.org/10.1017/jns.2016.41
https://doi.org/10.1111/j.1472-8206.2008.00618.x
https://doi.org/10.3389/fphar.2020.01021
https://doi.org/10.5530/pj.2017.2.35


Khalphallah et al. 10.3389/fvets.2025.1564648

Frontiers in Veterinary Science 24 frontiersin.org

liver cirrhosis in rats. BMC Complement Altern Med. (2013) 13:56. doi: 
10.1186/1472-6882-13-56

 31. Savaringal JP, Lally MS. Anti inflammatory effect of rhizome of Curcuma Longa. 
Linn, in albino rats by the method of Carrageenin induced paw oedema. Int J Basic Clin 
Pharmacol. (2003) 7:229–33. doi: 10.18203/2319-2003.ijbcp20180032

 32. Paolinelli ST, Reen R, Moraes-Santos T. Curcuma longa ingestion protects in vitro 
hepatocyte membrane peroxidation. Rev Bras Cienc Farm. (2006) 42:429–35. doi: 
10.1590/S1516-93322006000300012

 33. Farjam M, Mehrabani D, Abbassnia F, Tanideh N, Imanieh MH, Pakbaz S, et al. 
The healing effect of Curcuma longa on liver in experimental acute hepatic 
encephalopathy of rat. Comp Clin Pathol. (2014) 23:1669–73. doi: 
10.1007/s00580-014-1883-0

 34. Akram M, Shahab-Uddin AA, Usmanghani KHAN, Hannan ABDUL, Mohiuddin 
E, Asif M. Curcuma longa and curcumin: a review article. Rom J Biol Plant Biol. (2010) 
55:65–70.

 35. Moneim AEA, Dkhil MA, Al-Quraishy S. Studies on the effect of pomegranate 
(Punica granatum) juice and peel on liver and kidney in adult male rats. J Med Plant Res. 
(2011) 5:5083–8.

 36. Rojanathammanee L, Puig KL, Combs CK. Pomegranate polyphenols and extract 
inhibit nuclear factor of activated T-cell activity and microglial activation in vitro and 
in a transgenic mouse model of Alzheimer disease. J Nutr. (2013) 143:597–605. doi: 
10.3945/jn.112.169516

 37. Saeed M, Naveed M, BiBi J, Kamboh AA, Arain MA, Shah QA, et al. The promising 
pharmacological effects and therapeutic/medicinal applications of Punica Granatum L. 
(pomegranate) as a functional food in humans and animals. Recent Patents Inflamm 
Allergy Drug Discov. (2018) 12:24–38. doi: 10.2174/1872213X12666180221154713

 38. Vidal A, Fallarero A, Peña BR, Medina ME, Gra B, Rivera F, et al. Studies on the 
toxicity of Punica granatum L. (Punicaceae) whole fruit extracts. J Ethnopharmacol. 
(2003) 89:295–300. doi: 10.1016/j.jep.2003.09.001

 39. Zou X, Yan C, Shi Y, Cao K, Xu J, Wang X, et al. Mitochondrial dysfunction in 
obesity-associated nonalcoholic fatty liver disease: the protective effects of pomegranate 
with its active component punicalagin. Antioxid Redox Signal. (2014) 21:1557–70. doi: 
10.1089/ars.2013.5538

 40. Wei XL, Fang RT, Yang YH, Bi XY, Ren GX, Luo AL, et al. Protective effects of 
extracts from pomegranate peels and seeds on liver fibrosis induced by carbon 
tetrachloride in rats. BMC Complement Altern Med. (2015) 15:389. doi: 
10.1186/s12906-015-0916-9

 41. Fayed RH, Rashad E, El-Samannoudy SI, Elsherif HMR, Aboul Ella H, Ismael E. 
Mitigative effect of dietary Tinospora cordifolia and Andrographis paniculata on health 
and Hepato-renal expression of Caspase-3 and TNF-Î± of broiler chickens fed on 
aflatoxin and Ochratoxin contaminated diet. J Adv Vet Res. (2023) 13:1668–77.

 42. Liaqat S, Yousaf M, Ahmad F, Saleemi MK. Impact of poultry oil supplementation 
on liver health and fatty liver syndrome in caged layers. Pak J Agric Sci. (2023) 60:401–7. 
doi: 10.21162/PAKJAS/23.111

 43. Anugrah D, Apada AMS, Rell F, Suharto RH, Mursalim MF. Treatment Leptospira 
infection in dog at pet vet clinic, center of Jakarta. Media Kedokteran Hewan. (2023) 
34:189–97. doi: 10.20473/mkh.v34i3.2023.189-197

 44. Sobczak-Filipiak M, Szarek J, Czopowicz M, Mieczkowska J, Lechowski R. Hepatic 
stellate cells in the liver of dogs with steroid-induced hepatopathy. Bull Vet Inst Pulawy. 
(2014) 58:273–6. doi: 10.2478/bvip-2014-0041

 45. Suvarna SK, Laytonm C, Bancroft JD. Bancroft's theory and practice of histological 
techniques. 7th ed. USA: Philadelphia; Elsevier Ltd. (2012).

 46. Reda RM, Galal AAA, Alam RTM. Comparison of Punica peel and oxytetracyclin 
on Aeromonas hydrophila challenged Clarias gariepinus. GJFA. (2012) 5:1–15.

 47. Paget GE, Barnes JM. Evaluation of drug activities: Pharmacometrics, Laurence 
and Bacharach. Vol 1. USA: New York; Academic press (1964). P. 133–166.

 48. Coles EH. Veterinary clinical pathology. 4th ed. USA: Philadelphia; W.B. Saunders 
(1986). P. 132–139.

 49. Sturgess K. Pocket handbook of small animal medicine. UK, London: Manson 
Publishing Ltd (2012). P. 6–19.

 50. Schalm OW, Jain NC. Schalm's veterinary hematology. 4th ed. USA: Philadelphia: 
Lea and Febiger (1986). P. 602–629.

 51. Teske E. Leukocytes In: DJ Weiss and KJ Wardrop, editors. Schalm’s veterinary 
hematology. 6th ed. USA: Ames; Iowa; Wiley-Blackwell Publishing Ltd (2010). 263–417.

 52. Mannion R. Diagnostic ultrasound in small animal practice. USA, Iowa: Blackwell 
Publishing Company (2006). P. 50–80.

 53. Rademacher N. Liver In: F Barr and L Gaschen, editors. Bsava manual of canine 
and feline ultrasonography. England: British Small Animal Veterinary Association 
(2011). 85–99.

 54. Ahmed R, Gouda S, Mousa S. Impact of usage Curcuma longa extract on 
experimental canine steroidal hepatopathy: clinical and therapeutic aspects. Adv Anim 
Vet Sci. (2021) 9:588–94. doi: 10.17582/journal.aavs/2021/9.4.588.594

 55. Lillile RD, Fulman RW. Histopathological technique and practice histopathology. 
USA, New York: The blauiston division (1976). P. 789–792.

 56. Gibson-Corley KN, Olivier AK, Meyerholz DK. Principles for valid histopathologic 
scoring in research. Vet Pathol. (2013) 50:1007–15. doi: 10.1177/0300985813485099

 57. Sastry GA. Veterinary clinical pathology. India: New Delhi; Darya Ganj; CBS 
(2006). P. 1–35.

 58. Tilley LP, Smith FWK, Hepatopathy V. Blackwell's five-minute veterinary consult: 
Canine and feline. 5th ed. Chichester, West Sussex: Wiley-Blackwell (2011).

 59. Abdou OA, Kelany WM, Torad FA, Yehia SG. Ultrasonographic, morphologic and 
biochemical alterations in experimentally induced steroid hepatopathy in dogs. Glob 
Vet. (2013) 11:123–30. doi: 10.5829/idosi.gv.2013.11.2.74120

 60. Plump DC. Plumb ‘S veterinary drug handbook. 5th ed. USA, New Jersey, 
Hoboken: Wiley-Blackwell (2005), 228–232.

 61. Gouda Sh. M. (2010). Evaluation of recent diagnostic tools in diagnosis of some 
liver diseases in dogs. Ph.D. thesis, Zagazig University, Faculty of Veterinary Medicine.

 62. Davies D. Common inflammatory liver diseases in the dog (part 1). Vet Irel J. 
(2016) 6.

 63. Negasee KA. Hepatic diseases in canine and feline: a review. Vet Med Open J. 
(2021) 6:22–31. doi: 10.17140/VMOJ-6-155

 64. Khelik IA, Berger DJ, Mochel JP, Seo YJ, Palerme JS, Ware WA, et al. 
Clinicopathologic, hemodynamic, and echocardiographic effects of short-term oral 
administration of anti-inflammatory doses of prednisolone to systemically normal cats. 
Am J Vet Res. (2019) 80:743–55. doi: 10.2460/ajvr.80.8.743

 65. Abdel-Lateef E, Mahmoud F, Hammam O, El-Ahwany E, El-Wakil E, Kandil S, 
et al. Bioactive chemical constituents of Curcuma longa L. rhizomes extract inhibit the 
growth of human hepatoma cell line (HepG2). Acta Pharma. (2016) 66:387–98. doi: 
10.1515/acph-2016-0028

 66. Oghenejobo M, Opajobi OA, Bethel OUS, Uzoegbu U. Antibacterial evaluation, 
phytochemical screening and ascorbic acid assay of turmeric (Curcuma longa). MOJ 
Bioequiv Availab. (2017) 4:232–9. doi: 10.15406/mojbb.2017.04.00063

 67. Kocaadam B, Şanlier N. Curcumin, an active component of turmeric (Curcuma 
longa), and its effects on health. Crit Rev Food Sci Nutr. (2017) 57:2889–95. doi: 
10.1080/10408398.2015.1077195

 68. Minh NP, Van Linh NT, Loan QY, Trang THP, Khoa ND. Technical factors 
affecting to extraction and drying of curcumin from turmeric (Curcuma longa). J Pharm 
Sci Res. (2019) 11:273–8.

 69. Sabokbar N, Khodaiyan F. Characterization of pomegranate juice and whey based 
novel beverage fermented by kefir grains. J Food Sci Technol. (2015) 52:3711–8. doi: 
10.1007/s13197-014-1412-9

 70. El Sayed AS, Badawi AM, Asmaa MT. The protective effect of olive leaf and 
pomegranate peel extracts on oxidative stress and liver injury induced by oxytetracycline 
in albino rats. J Drug Res Egypt. (2014) 35:33–41.

 71. McKay LI, Cidlowski JA. Physiologic and pharmacologic effects of corticosteroids 
In: DW Kufe, RE Pollock, RR Weichselbaum, RC Bast, TS Gansler and JF Hollandet al, 
editors. Holland-Frei Cancer medicine. 6th ed. Hamilton (ON): BC Decker (2003)

 72. Felman BF, Zinkl JG, Jain NC, Schalm OW. Schalm's veterinary hematology. 5th 
ed. USA: Philadelphia: Lippincott Williams and Wilkns (2000). 1344 p.

 73. Reddy SB, Sivajothi S, Varaprasad Reddy LS, Solmon Raju KG. Clinical and 
laboratory findings of Babesia infection in dogs. J Parasit Dis. (2016) 40:268–72. doi: 
10.1007/s12639-014-0491-x

 74. Leveille-Webster CR. Laboratory diagnosis of hepatobiliary diseases In: SJ Ettinger 
and EC Feldman, editors. Textbook of veterinary internal medicine. 5th. USA: 
Philadelphia: Vol. II. W. B. Saunders Co (2000). 1277–92.

 75. Elhiblu MA, Dua K, Mohindroo J, Mahajan SK, Sood NK, Dhaliwal PS. Clinico-
hemato-biochemical profile of dogs with liver cirrhosis. Vet World. (2015) 8:487–91. doi: 
10.14202/vetworld.2015.487-491

 76. Chikazawa S, Nakazawa T, Hori Y, Hoshi F, Kanai K, Ito N, et al. Changes in serum 
ferritin concentration in experimentally induced anemia of chronic inflammation in 
dogs. J Vet Med Sci. (2013) 75:1419–26. doi: 10.1292/jvms.13-0149

 77. Meyer HP, Routhuizen J In: RJ Washabau and MJ Day, editors. History and 
physical examination, chapter 61 (Liver). 1st ed. USA: Philadelphia: Saunders (2013). 
849–958.

 78. Atata JA, Esievo KAN, Adamu S, Abdulsalam H. Baseline haematological, serum 
biochemical and some urine parameters in Nigerian indigenous dogs. SVJ. (2018) 
1:48–52. doi: 10.36759/svj.2018.008

 79. Abraham G, Gottschalk J, Ungemach FR. Evidence for ototopical glucocorticoid-
induced decrease in hypothalamic-pituitary-adrenal axis response and liver function. 
Endocrinology. (2005) 146:3163–71. doi: 10.1210/en.2005-0080

 80. Singh RS, Chand N, Sindhu SS. Cholecystitis in a dog. Indian Vet J. (2008) 85:77–8.

 81. Kook PH, Schellenberg S, Rentsch KM, Reusch CE, Glaus TM. Effect of 
twice-daily oral administration of hydrocortisone on the bile acids composition of 

https://doi.org/10.3389/fvets.2025.1564648
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1186/1472-6882-13-56
https://doi.org/10.18203/2319-2003.ijbcp20180032
https://doi.org/10.1590/S1516-93322006000300012
https://doi.org/10.1007/s00580-014-1883-0
https://doi.org/10.3945/jn.112.169516
https://doi.org/10.2174/1872213X12666180221154713
https://doi.org/10.1016/j.jep.2003.09.001
https://doi.org/10.1089/ars.2013.5538
https://doi.org/10.1186/s12906-015-0916-9
https://doi.org/10.21162/PAKJAS/23.111
https://doi.org/10.20473/mkh.v34i3.2023.189-197
https://doi.org/10.2478/bvip-2014-0041
https://doi.org/10.17582/journal.aavs/2021/9.4.588.594
https://doi.org/10.1177/0300985813485099
https://doi.org/10.5829/idosi.gv.2013.11.2.74120
https://doi.org/10.17140/VMOJ-6-155
https://doi.org/10.2460/ajvr.80.8.743
https://doi.org/10.1515/acph-2016-0028
https://doi.org/10.15406/mojbb.2017.04.00063
https://doi.org/10.1080/10408398.2015.1077195
https://doi.org/10.1007/s13197-014-1412-9
https://doi.org/10.1007/s12639-014-0491-x
https://doi.org/10.14202/vetworld.2015.487-491
https://doi.org/10.1292/jvms.13-0149
https://doi.org/10.36759/svj.2018.008
https://doi.org/10.1210/en.2005-0080


Khalphallah et al. 10.3389/fvets.2025.1564648

Frontiers in Veterinary Science 25 frontiersin.org

gallbladder bile in dogs. Am J Vet Res. (2011) 72:1607–12. doi: 10.2460/ajvr.72. 
12.1607

 82. Lidbury JA, Suchodolski JS. New advances in the diagnosis of canine 
and feline liver and pancreatic disease. Vet J. (2016) 215:87–95. doi: 10.1016/j.tvjl. 
2016.02.010

 83. Kozat S, Sepehrizadeh E. Methods of diagnosing in liver diseases for dog and cats. 
Turk J Sci Rev. (2017) 10:36–46.

 84. Kumar KS, Srikala D. Ultrasonographic diagnosis and management of 
cholecystolithiasis in dogs. Int J Sci Nat. (2015) 6:645–7.

 85. Worley DR, Hottinger HA, Lawrence HJ. Surgical management of gallbladder 
mucoceles in dogs: 22 cases (1999–2003). J Am Vet Med Assoc. (2004) 225:1418–22. doi: 
10.2460/javma.2004.225.1418

 86. Smalle TM, Cahalane AK, Köster LS. Gallbladder mucocoele: A review. J S Afr Vet 
Assoc. (2015) 86:1318. doi: 10.4102/jsava.v86i1.1318

 87. Sodikoff CH. Laboratory profiles of small animal diseases: A guide to laboratory 
diagnosis. 3rd ed. USA, St Louis: Mosby Inc. (2001).

 88. Kook PH, Schellenberg S, Rentsch KM, Reusch CE, Glaus TM. Effects of iatrogenic 
hypercortisolism on gallbladder sludge formation and biochemical bile constituents in 
dogs. Vet J. (2012) 191:225–30. doi: 10.1016/j.tvjl.2011.01.004

 89. Kaneko JJ, Harvey JW, Bruss ML. Clinical biochemistry of domestic animals. 6th 
ed. USA: Philadelphia; Saunders Elsevier (2008). P. 882–888.

 90. Khan SA, Epstein JH, Olival KJ, Hassan MM, Hossain MB, Rahman KB, et al. 
Hematology and serum chemistry reference values of stray dogs in Bangladesh. Open 
Vet J. (2011) 1:13–20. doi: 10.5455/OVJ.2011.v1.i0.p13

 91. Khan CM, Line S, Susan EA, Achu O, Clair LS. The Merck veterinary manual. 9th 
ed. USA: NJ: Whitehouse station; Merck &co.inc (2005).

 92. Toklu HZ, Dumlu MU, Sehirli O, Ercan F, Gedik N, Gökmen V, et al. Pomegranate 
peel extract prevents liver fibrosis in biliary-obstructed rats. J Pharm Pharmacol. (2007) 
59:1287–95. doi: 10.1211/jpp.59.9.0014

 93. Parmar HS, Kar A. Medicinal values of fruit peels from Citrus sinensis, Punica 
granatum, and Musa paradisiaca with respect to alterations in tissue lipid peroxidation 
and serum concentration of glucose, insulin, and thyroid hormones. J Med Food. (2008) 
11:376–81. doi: 10.1089/jmf.2006.010

 94. El Bohi KM, Abdel-Motal SM, Khalil SR, Abd-Elaal MM, Metwally MMM, 
ELhady WM. The efficiency of pomegranate (Punica granatum) peel ethanolic extract 
in attenuating the vancomycin-triggered liver and kidney tissues injury in rats. Environ 
Sci Pollut Res Int. (2021) 28:7134–50. doi: 10.1007/s11356-020-10999-3

 95. Jung JK, Jung JT, Lee CH, Kim EY, Kwon JG, Kim BSA. Case of hepatic abscess 
caused by Toxocara. Korean J Hepatol. (2007) 13:409–13. doi: 10.3350/kjhep.2007.13.3.409

 96. Center SA. Diseases of the gallbladder and biliary tree. Vet Clin North Am Small 
Anim Pract. (2009) 39:543–98. doi: 10.1016/j.cvsm.2009.01.004

 97. Malek S, Sinclair E, Hosgood G, Moens NMM, Baily T, Boston SE. Clinical 
findings and prognostic factors for dogs undergoing cholecystectomy for gall bladder 
mucocoele. Vet Surg. (2013) 42:418–26. doi: 10.1111/j.1532-950X.2012.01072.x

 98. Gong Q, Yin J, Wang M, He L, Lei F, Luo Y, et al. Comprehensive study of 
dexamethasone on albumin biogenesis during normal and pathological renal conditions. 
Pharm Biol. (2020) 58:1261–71. doi: 10.1080/13880209.2020.1855214

 99. Evans HE. Chapter 7: the digestive apparatus and abdomen In: HE Evans and GC 
Christensen, editors. Miller’s anatomy of the dog. 3rd ed. USA, Philadelphia: WB 
Saunders (1993). 385–462.

 100. Hudson LC, Hamilton WP. Atlas of feline anatomy for veterinarians. 1st ed. USA, 
Philadelphia: WB Saunders (1993). 287 p.

 101. Larson MM. Ultrasound imaging of the hepatobiliary system and pancreas. Vet 
Clin North Am Small Anim Pract. (2016) 46:453–80. doi: 10.1016/j.cvsm.2015.12.004

 102. Mathai LW. (2015). Diagnostic, clinical and ultrasonographic features of 
abdominal disease conditions in dog. Doctoral dissertation, University of Nairobi, Kenya.

 103. Nyland TG, Larson MM, Matton JS. Liver In: JS Matton and TG Nyland, editors. 
Small animal diagnostic ultrasound. 3rd ed. USA, Philadelphia: Saunders Elsevier 
(2014). 332–99.

 104. Shashi K, Rick A. Cytologic evaluation of the liver: aspiration findings and 
limitations. Comput J. (2002) 24:798–810.

 105. Dimski DS. Liver diseases. Veterinary clinics of North America, small animal 
practice. USA, Philadelphia: Saunders Co. (1995). P. 257–525.

 106. Nyland TG. Veterinary diagnostic ultrasound. 2nd ed. USA, Philadelphia: 
Saunders Co. (1995). P. 95–127.

 107. Hübscher SG. Transplantation pathology. Semin Diagn Pathol. (2006) 23:170–81. 
doi: 10.1053/j.semdp.2006.11.0

 108. Kemp SD, Zimmerman KL, Panciera DL, Monroe WE, Leib MS. Histopathologic 
variation between liver lobes in dogs. J Vet Intern Med. (2015) 29:58–62. doi: 
10.1111/jvim.12520

 109. Cullen JM, Ingh VD, Winkle TV, Charles JA, Desmet VJ. Chapter 6: 
morphological classification of parenchymal disorders of the canine and feline liver: 1 
In: Normal histology, reversible Hepatocytic injury and hepatic amyloidosis. Wsava liver 
standardization. USA: Elsevier (2006)

 110. Dillon AR, Spano JS, Powers RD. Prednisolone induced hematologic, 
biochemichal and histologic changes in the dog. J Am  Anim Hosp Assoc. (1980) 
16:831–7.

 111. Chastaicn B, Grahamc S. Adrenocortical suppression in dogs on daily and day 
prednisone administration. Am J Vet Res. (1979) 40:936–41.

 112. Wiener J, Loud AV, Kimberg DV, Spiro D. A quantitative description of cortisone-
induced alterations in the ultrastructure of rat liver parenchymal cells. J Cell Biol. (1968) 
37:47–61. doi: 10.1083/jcb.37.1.47

 113. French TW, Stokol T, Meyer D. Liver In: L Cowell, RD Tyler, JH Meinkoth and 
DB Denicola, editors. Diagnostic cytology and hematology of the dog and cat. 3rd ed. 
USA, St Louis: Mosby Inc. (2008)

 114. Pereira BJ, Jefrey L, Filho SM, Sellos FC. The effects of prednisone 
therapy on dogs: prospective study using ultrasonography, cytology and 
histopathology. Rev Ceres J. (2011) 58:561–6. doi: 10.1590/S0034-737X2011000 
500005

 115. Cullen JM. Histopathology: Normal liver histology In: Textbook of canine and 
feline gastroenterology. USA, Philadelphia: Saunders Co. (2012)

 116. Badylak SF, Van Vleet JF. Sequential morphologic and clinicopathologic 
alterations in dogs with experimentally induced glucocorticoid hepatopathy. Am J Vet 
Res. (1981) 42:1310–8. doi: 10.2460/ajvr.1981.42.08.1310

https://doi.org/10.3389/fvets.2025.1564648
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.2460/ajvr.72.12.1607
https://doi.org/10.2460/ajvr.72.12.1607
https://doi.org/10.1016/j.tvjl.2016.02.010
https://doi.org/10.1016/j.tvjl.2016.02.010
https://doi.org/10.2460/javma.2004.225.1418
https://doi.org/10.4102/jsava.v86i1.1318
https://doi.org/10.1016/j.tvjl.2011.01.004
https://doi.org/10.5455/OVJ.2011.v1.i0.p13
https://doi.org/10.1211/jpp.59.9.0014
https://doi.org/10.1089/jmf.2006.010
https://doi.org/10.1007/s11356-020-10999-3
https://doi.org/10.3350/kjhep.2007.13.3.409
https://doi.org/10.1016/j.cvsm.2009.01.004
https://doi.org/10.1111/j.1532-950X.2012.01072.x
https://doi.org/10.1080/13880209.2020.1855214
https://doi.org/10.1016/j.cvsm.2015.12.004
https://doi.org/10.1053/j.semdp.2006.11.0
https://doi.org/10.1111/jvim.12520
https://doi.org/10.1083/jcb.37.1.47
https://doi.org/10.1590/S0034-737X2011000500005
https://doi.org/10.1590/S0034-737X2011000500005
https://doi.org/10.2460/ajvr.1981.42.08.1310

	ORNIPURAL® as conventional therapy versus mixture of Curcuma longa extract and pomegranate peel extract as homeotherapy in dogs with dexamethasone-induced hepatopathy: clinicolaboratory, ultrasonographic, and histopathological monitoring
	1 Introduction
	2 Materials
	2.1 Animals
	2.2 Experimental protocol and therapeutic strategy
	2.2.1 Acclimatization phase (14 days)
	2.2.2 Steroidal-induced hepatopathy phase (dexamethasone-induced hepatopathy phase) (14 days)
	2.2.3 Treatment phase (14 days)
	2.3 Samples
	2.4 Clinical examination
	2.5 Whole blood picture indices
	2.6 Liver functions indices
	2.7 Kidney function indicators
	2.8 Ultrasonographic examination
	2.9 Histopathological examination
	2.10 Statistical analysis

	3 Results
	3.1 Clinical findings
	3.2 Whole blood picture indices
	3.3 Liver functions indices
	3.4 Kidney functions indices
	3.5 Ultrasonographic findings
	3.6 Histopathological findings

	4 Discussion
	4.1 Clinical findings
	4.2 Whole blood picture indices
	4.3 Liver function indices
	4.4 Kidney functions indices
	4.5 Ultrasonographic findings
	4.6 Histopathological findings

	5 Conclusion

	References

