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	 In the Indian Traditional system of Medicine, the herbal drug Aerva lanata was 
widely used in the management of urolithiasis. In the present study, a bioenhancer was used 
to evaluate the potential of constituents quercetin and betulin isolated from the plant A.lanata. 
In the present study, the isolated compounds quercetin and betulin from the plant A.lanata 
were screened for in vivo anti-urolithiasis and nephroprotective activities. Methodology: In the 
Wistar albino rats, urolithiasis was induced by ethylene glycol (0.75% v/v) to study the anti-
urolithiatic activity. The animals were divided into seven groups of 6 animals in each group 
(n=6).  The study period was for 28-day treatment with quercetin and betulin in combination 
with piperine as bio enhancers in nephrolithiasis induced rats. The Nephroprotective effect 
was also investigated in Gentamicin induced nephrotoxicity animal model. Cystone (750 mg/
kg) was used as a standard. Biochemical parameters such as blood urea nitrogen (BUN), uric 
acid, and creatinine in the serum were determined. Renal calculi were determined in kidney 
homogenate and histopathology was also examined. With the test drug treatment, animals 
showed increased urine volume signi?cantly, also the renal tissue exhibited a reduction in the 
calculi formation. In the disease control animals, there was an increase in the serum BUN, uric 
acid, and creatinine significantly. Serum analysis revealed a signi?cant reduction (*p<0.001) in 
the levels of BUN, uric acid, and creatinine in treated rats. Histopathological studies disclosed 
an improvement in the anatomical aspect of renal tissue. It was concluded that quercetin and 
betulin exhibited anti-urolithiatic effect by a reduction in the formation of calculi. The current 
study provided a rationale for the combination of piperine, quercitin, and betulin.

Keywords: Aerva Lanata Flowers; Antiurolithiatic Activity; Betulin;
Hydroalcoholic Extract; Kidney Stones; Quercetin.

	 Globally, the most pervasive disorder 
affecting the urinary system is Urolithiasis, 
which accounted for approximately 2–3% of the 
population.1 Renal calculus or kidney stones are 
hard, solid particles formed in the urinary system, 
when left untreated might cause very ill upshots 

like utmost obstruction, hydronephrosis, internal 
bleeding, and infection. A patient experiences 
nephrolithiasis as a burden and troublesome 
substantial health problem in the adult population, 
with serious medical repercussions.2 In a maximum 
number of cases, the stones may be smaller in size 
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that gets eliminated from the body without any 
hindrance. Nevertheless, if a stone blocks the urine 
flow, there may be excruciating pain, that needs 
medical attention.3 Periodic occurrence of stone 
formation is highly concern and essential care is 
mandatory. Reoccurrence of stone forming tendency 
is common amongst the patients suffering from the 
disease. Additionally, the epidemiological studies 
revealed that relapse of nephrolithiasis has been 
raised by 50% in the patients.4,5 Globally, incidence 
of urolithiasis is quite high, and more than 80% of 
urinary calculi are calcium oxalate stones alone 
or calcium oxalate mixed with phosphate which 
reckons about 75-90% followed by magnesium 
ammonium phosphate (Struvite) (10- 15%).6 These 
crystals are now commonly recognized to cause 
kidney stones and systemic problems, such as 
chronic kidney disease and renal failure, metabolic 
disorders, and cardiovascular diseases. Kidney 
stones might increase the chance of developing 
chronic kidney disease.7 In the present days, the 
management of nephrolithiasis is cost-effective and 
also related to patient compliance. The drugs used 
in the treatment may lead to adverse effects and 
even drug-drug interactions in case of comorbid 
conditions like diabetes, hypertension, and so on.8 

As a part of treatment, several invasive procedures 
are employed, which might cause complications 
imposing a great load on the health care system.  
Such invasive procedures include lithotripsy, 
surgery, and disruption of calculus locally through 
laser techniques with high intensity in order to get 
rid of the calculi.9 Tragically, surgical procedures 
were always associated with terrible complications 
such as infections, hemorrhage, acute renal injury, 
renal fibrosis, diminished renal function, and 
perforations in ureters.  Furthermore, despite 
being less invasive, the fragmentation treatment 
(lithotripsy) is linked to a higher rate of stone 
recurrence and a higher cost.10 As a result, novel 
therapy and preventative strategies for recurrent 
kidney stone disease are urgently required.  Hence 
it is mandated that a drug might be chosen in such 
a way that it has some sort of protective action on 
renal structure and function, and possess a potent 
nephroprotective activity.11 As an exemplification, 
whenever a patient undergoes any pharmacological 
(conventional) treatment or  surgery for kidney 
stones, it becomes essential to follow dietary and 
lifestyle changes.12 In this regard sometimes it is 

imperative to rely on chronic use of medications 
like potassium citrate, thiazides and allopurinol.13 
This may eventually lead to implicit problems like 
cost effectiveness, patient compliance and, side 
effects.14 A preventive medicine that is simple to 
use, affordable, safe, and effective would therefore 
be greatly desired. 
	 Ayurvedic practitioners treat urolithiasis 
with a set of medicinal plants known as 
Pashanabheda (stone breaking) which were 
utilized as phytotherapeutic agents in the Indian 
system of traditional medicine. 15  Herbal drugs 
have coherent pharmacological actions with 
minimal side effects and are considered to be 
used in terms of efficacy and safety.16 Over use 
or long-term use of synthetic drugs might dispose 
of a high-rise of adverse drug effects and adverse 
events, eventually making scientists to create a 
research platform for the progress of safer drugs 
with minimal side effects.17 Relatively, both in vitro 
and in vivo models have been employed for several 
pharmacological investigations of medicinal plants 
used for urolithiasis therapy.18 Consequently, a 
search for herbal preparations is still in progress. 
	 Aerva lanata Juss. belongs to the family 
Amaranthaceae, is a common weed, and shrub 
which is erect and found all over India, and grows 
in fields.19 This plant has medicinal properties 
like a diuretic, anti-diabetic, and anti-tumor and 
is also used as an anti-lithiatic agent. The roots 
have a demulcent effect, also serves as a remedy 
for headaches.20 The phytochemical constituents 
responsible for biological activities present in 
A.lanata are alkaloids (ervine, methylervine, 
ervoside, aervine, methylaervine, aervoside, 
ervolanine, and aervolanine),  ûavanoids 
(kaempferol, quercetin, isorhamnetin, persinol, 
persinosides A and B), methyl grevillate, lupeol, 
lupeol acetate benzoic acid, b-sitosteryl acetate and 
tannic acid.21 A previous study was carried out by 
same investigators using column chromatography 
technique, two fractions of the flowers of A.lanata 
were subjected to isolation, ensuing purification 
of the isolated constituents by preparative HPTLC 
(high performance thin layer chromatography) and 
then the individual components were characterized 
by IR spectrophotometery.21 The constituents 
quercetin and betulin present in the flowers of 
A.lanata were used for the present investigation. 
However, there can be every chance that these new 
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molecules possess an inimical pharmacokinetic 
profile due to impoverished solubility and 
membrane permeability.21 Concomitantly, 
whenever new chemical entities turn up, it is 
mandated to identify novel constituents which 
bear elevated therapeutic potential. There might 
exist a few reasons which affect permeability such 
as metabolic degradation, first-pass effect, and 
systemic drug delivery.22, 24 In order to enhance 
drug absorption, bio-enhancers have come into 
limelight, recognized as causation to improvise the 
quantity of unchanged drug that enters into systemic 
circulation alongside regulating the membrane 
permeability or metabolism. Bioenhancers are 
pharmacological facilitators, sometimes known as 
“bioavailability enhancers,” which are compounds 
that, when administered alone, do not exhibit the 
conventional drug activity.24 They enhance the 
drug’s molecule’s activity in a variety of ways, 
including improving the drug’s transmembrane 
bioavailability, interacting conformationally with 
the medication molecule to increase its potency, 
serving as drug receptors, and creating target cells 
more amenable to medication.25 A “bioenhancer” 
will always be capable of increasing a drug’s 
bioefficacy and bioavailability-specific medication 
that is used with it, bearing without any specific 
pharmacological action by itself independent of 
the administered dose.26 
	 The species of Piper produced a pungent 
alkaloid named Piperine or 1-peperoyl piperidine. 
Piperine alters the lipid milieu and membrane 
dynamics at the site of absorption to improve 
permeability. The molecular nature of piperine 
makes it appropriate for inhibiting enzymes.27 
Piperine is considered one of the top bio-enhancers 
and is used for both allopathic and ayurvedic 
drugs/formulations.28 It acts by intensifying 
the bioavailability of therapeutic drugs either 
by strengthening the absorption process or 
retarding the metabolism of drugs.29 In the year 
2009, a study was conducted on the marketed 
product of Rifampicin, an Anti-tubercular drug, 
which was combined with other Anti-TB drugs 
(Tubercular), along with the piperine manufactured 
by Cadila Pharma in India. By using piperine, 
the bioavailability of rifampicin was elevated by 
roughly 60%.22 Thus, the dosage of rifampicin 
is decreased from 450 to 200 mg as a result of 
the addition of bioenhancer piperine. When 

combined with different medications, piperine 
lowers dosage, lessens negative effects, and boosts 
bioavailability.29 Hence in the present study, the 
test drugs quercetin and betulin were evaluated in 
conjunction with piperine for pharmacodynamic 
activity. Cystone was used as a standard drug, 
and had been reported as a prototype drug in the 
Ayurvedic practice, for the treatment of kidney 
stones. In addition to this, cystone is considered 
a safe compound and several studies emphasized 
that it possesses anti-urolithiatic effect.30 This 
investigation was focused on the in vivo anti-
urolithiatic activity and nephroprotective effect of 
test compounds in animals. 

MATERIALS AND METHODS

Collection and authentication of plant
	 The flowers of Aerva lanata were collected 
from Medchal District, Hyderabad, Telangana.  
The flowers were authenticated by the Botanical 
Survey of India, Hyderabad, Telangana state. As 
a continuation of the previous study, the isolated 
compounds quercetin and botulin were evaluated 
for anti-urolithiatic effect.   
Animals
	 The current study used Wistar albino 
rats (150-230g) of the male sex, the animals were 
housed under standard conditions,- and maintained 
on a 12 h light/dark cycle with free access to food 
and water up to the time of experimentation. The 
protocol bearing number 1447/PO/Re/S/11/41/A 
was reviewed and approved by the Institutional 
Animal Ethics Committee (IAEC), according to 
the guidelines of the Committee for the Purpose of 
Control and Supervision of Experiment on Animals 
(CPCSEA).
Acute oral toxicity study 
	 Toxicity studies were carried out as 
per the Organization for Economic Cooperation 
and Development (OECD) guidelines no 423.31 

Rats were used as experimental animals. All the 
animals were kept at overnight fasting before the 
experiment with free excess to water. The animals 
were divided into 3 groups, each comprising of 5 
animals. The 1st group served as a negative control, 
while 2nd and 3rd were considered as tested groups 
that received orally the test drugs in normal saline 
with a starting dose of 2 mg/kg.  The dose was 
calculated according to the body weight before the 
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drug administration. The animals were observed for 
any toxic effects for the first 4 h after the treatment 
period. Further animals were investigated for a 
period of 3 days for any toxic effects. Behavioral 
changes and other parameters such as body weight, 
urination, food intake, water intake, respiration, 
convulsion, tremor, temperature, constipation, 
changes in eye and skin colors, etc. Therefore, the 
test compounds seem to be safe at a dose level of 
2000 mg/kg, and the LD50 was considered to be 
>2000 mg/kg. The LD50 cut–off dose for Quercetin 
and Betulin was determined. To evaluate the anti 
urolithiatic activity a dose of 2 mg/kg body weight 
was selected for the study.
Induction of Urolithiasis by Ethylene glycol
	 With the purpose of induction of 
Urolithiasis, ethylene glycol (0.75% v/v) was used, 
an acceptable model to evaluate the anti-urolithiatic 
activity in animals.32 The animals were divided 
into 7 groups of six animals each (n=6). Group I 
served as control, administered with saline (0.9% 
Nacl). For groups II to VII from day 1 to day 28, 
they were given ethylene glycol (0.75 percent v/v) 
orally, mixed in drinking water, for the induction 
of renal calculi (day 1 to day 14-induction period). 
Group II was positive control, from 14th to 28th day 
(treatment period) group III animals were treated 
with a standard drug Cystone (750 mg/ kg b.w).  
Group IV to VII were treated with quercetin-2 mg/
kg b.w., betulin-2 mg/kg b.w, Quercetin 2mg/kg + 
Piperine 10 mg/kg, betulin 2mg/kg + Piperine 10 
mg/kg from 14th day to 28th day (equivalent dose) 
respectively.33 
Grouping of animals 
Groups 	 Drugs and treatment
I	 Normal control 
II	 Disease control (Ethylene Glycol 0.75% 
v/v) 
III	 Cystone 750 mg/kg  
IV	 Quercetin 2 mg/kg  
V	 Betulin 2 mg/kg  
VI	 Quercetin 2 mg/kg + Piperine 10 mg/kg
VII	 Betulin 2 mg/kg + Piperine 10 mg/kg

	 Urine samples were taken from all of the 
animals on the 14th and 28th days to determine the 
biochemical factors such as calcium, oxalate, and 
phosphate. The samples were stored at 4°C by 
adding one drop of conc. Hcl. On the same days, 
using polypropylene cages, the volume of urine 

from each group of animals was measured. On 
the 28th day the microscopic examination of urine 
samples for all animals was carried out for further 
microscopic study at 100 X under a microscope. 
Photographs were taken by using a digital camera 
attached to a microscope. The change in the body 
weight of animals was recorded individually. Under 
anesthetic ether, the blood samples were collected 
from the retro-orbital plexus on the 28th day of 
treatment, thus collected samples were centrifuged 
for 10 min (15000 rpm), serum was separated and 
estimated for (blood, urea, and nitrogen), uric 
acid, and creatinine. At the end of the experiment, 
animals were sacrificed and kidneys were examined 
for the presence of calculus. 
Histopathology of Kidney
	 Kidneys were removed from each animal 
and rinsed in ice cold physiological solution. 
By using 10% buffered formalin, right kidney 
was fixed. After the processing, finally paraffin 
wax was (5 µm section) used to fix the tissue. 
Hematoxylin and eosin was used as staining agent. 
The deposition of calcium oxalate was observed 
under microscopic examination. 
Induction of Nephrotoxicity by Gentamicin
	 Six groups of six rats in each group (n=6) 
were used in this model. Group I administered 
with normal saline (1.0 ml) for 23 days. Group II 
treated with gentamicin (40 mgkg-1 b.w, s.c) for 13 
days and normal saline (1.0 m) from 14-23 days 
by oral route. The rats of groups III, IV, V and VI 
were administered with gentamicin at the dose of 
40 mg kg-1 b.w, s.c, for first 13 days and treated 
with quercetin-2 mg/kg b.w., betulin-2 mg/kg b.w, 
Quercetin 2mg/kg + Piperine 10mg/kg, betulin 
2mg/kg + Piperine 10mg/kg from 14th day onwards 
to 23rd day. On the 24th day blood was withdrawn 
through a tail vein to assess for renal function 
tests for all groups.19 The serum samples were 
estimated for blood urea, uric acid, and creatinine. 
Histological changes in kidney tissues of different 
treatment groups were also evaluated.20

Grouping of animals 
Groups 	 Drugs and treatment
I	 Normal control 
II	 Gentamicin (40 mg/kg SC)
III	 Gentamicin induced + Quercetin 2 mg/kg 
IV	 Gentamicin induced + Betulin 2mg/kg 
bw,p.o 
V	 Gentamicin induced +  Quercetin 2mg/kg 
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+ Piperine 10mg/kg
VI	 Gentamicin induced +  Betulin 2mg/kg + 
Piperine 10mg/kg
Statistical analysis
	 All the data were expressed as mean ± 
S.E.M., was analyzed using with GraphPad Prism 
4.0 (GraphPad software, USA) one-way analysis 
of variance test (ANOVA), followed by Dunnett’s 
t-test, values less than p < 0.001 were considered 
as statistically signiûcant. 

RESULTS

	 The test compounds Quercetin and 
betulin were screened for Anti-Urothiliatic and 

nephroprotective activity on Wistar Albino rats by 
using suitable models.
Acute Oral Toxicity Studies
	 The results of acute toxicity studies 
showed no mortality, also other side effects were 
not observed with the selected dose of 2 mg /kg 
body weight. 
Urine Volume studies
	 In negative control animals, the urine 
volume was found to be 10.5 ± 0.71 and 11.33 
± 0.21 ml on 14th and 28th day respectively. In 
diseased control animals, there was a decline in 
the volume of urine levels with 3.83 ± 0.31 and 
3.16 ± 0.30 ml on day 14 and 28, along with a 
significant reduction (*p<0.01) in the weight of 

Table 1. Effect of Test drugs treatment on Urine volume

Groups	 Treatment and Dose	 Day 14 (ml)	 Day 28 (ml)

I	 Normal control	 10.5 ± 0.71	 11.33 ± 0.21
II	 Disease control	 3.83 ± 0.31***	 3.16 ± 0.30**
III	 Standard drug Cystone	 6.83 ± 0.30***	 10.17 ± 0.31***
IV	 Quercetin 2mg/kg	 7.16 ± 0.31**	 9.0 ± 0.71**
V	 Betulin 2mg/kg	 6.17 ±0.31**	 6.66 ± 0.33**
VI	 Quercetin 2 mg/kg + Piperine 10 mg/kg	 6.66 ± 0.33***	 9.5 ± 0.31***
VII	 Betulin 2 mg/kg + Piperine 10 mg/kg	 5.33 ± 0.33ns	 7 ± 0.45***

*Normal group of animals as comparable to the positive control, and the groups IV, V, VI and VII. p < 0.01 
was considered as significant.

Fig. 1. Effect of test compounds on the body weight of animals *Normal group of animals as comparable to the positive 
control, and the groups IV, V, VI and VII. p < 0.01 was considered as significant.
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Fig. 2. Effect of treatment of test drugs on microscopic observation of urine samples

Normal control Disease control

Standard drug Cystone Quercetin 2mg/kg bw,

Betulin 2mg/kg bw Quercetin 2mg/kg + Piperine 10mg/kg

Betulin 2mg/kg + Piperine 10mg/kg
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Table 2. Effect of test drugs treatment on urinary Calcium, Phosphate and Oxalate levels 

Groups	 Treatment and Dose	 Calcium	 Phosphate	 Oxalate

I	 Normal control	 4.6 ± 0.12	 145.0 ± 1.6	 1.8 ± 0.05
II	 Disease control	 8.25 ± 0.50***	 348.2 ± 1.9***	 4.96 ± 0.09***

III	 Standard drug Cystone	 5.26 ± 0.09	 187 ± 3.4***	 2.06 ± 0.11**

IV	 Quercetin 2mg/kg	 6.91 ± 0.20	 219 ± 2.06	 2.35 ± 0.06
V	 Betulin 2mg/kg	 6.8 ± 0.09	 217.8 ± 2.04	 2.35 ± 0.06
VI	 Quercetin 2mg/kg + Piperine 10 mg/kg	 6.0 ± 0.15**	 196 ± 5.1**	 2.05 ± 0.05**

VII	 Betulin 2mg/kg + Piperine 10 mg/kg	 6.0 ± 0.17**	 201± 2.06**	 2.08 ± 0.09**

*Normal group of animals as comparable to the positive control, and the groups IV, V, VI and VII. p < 0.01 was considered 
as significant.

Fig. 3. Effect of treatment of test drugs – Quercetin and betulin on biochemical parameters

the animals (Fig 1). In quercetin and betulin treated 
animals as individually and in combination with 
bio enhancer, there was an increase in weight 
significantly (*p<0.01) as compared with the 
normal animals. Additionally, the volume of 
urine was also increased significantly (*p<0.01) 
as compared to both the control and diseased rats 
(Table 1). The measurement of calcium, phosphate 
and oxalate crystals was done, found to be higher 
in diseased induced rats significantly (*p<0.01) 
as compared to normal rats. The standard drug 
treated animals revealed a significant reduction 
in the formation of crystals. The test drugs treated 
animals in combination with piperine exhibited a 
significant effect on lowering the levels of calcium, 
phosphate and oxalate crystals as compared to the 
diseased animals and individually test drug treated 
animals (Table 2).
Urine Analysis
	 The microscopic studies of urine samples 
in normal rats revealed the absence of crystal 

formation as evident from the sections observed. 
The excretion of crystals of calcium oxalate was 
found to be remarkable in rectangular-shaped in 
disease-induced groups of animals. In the standard 
drug- treated animals, there was absence or slight 
visibility of calcium oxalate crystals as apparent 
from the examination. Quercetin and betulin 
treated group of animals showed a significant 
moderate reduction in the formation of calcium 
oxalate crystals, whereas quercetin and betulin in 
combination with piperine treated animals showed 
maximum reduction in the calcium oxalate crystals. 
34, 35  (Fig 2) 
Serum Analysis for biochemical parameters
Effect of test drug treatment on serum 
biochemical parameters (BUN, Creatinine, 
Uric acid)
	 Serum analysis of biochemical parameters 
were analyzed in all the groups of animals. For 
examination of drug-induced nephrotoxicity 
in humans and animals, elevated levels of 
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Fig. 4. Effect of test drug treatment on histopathological sections of kidneys in Ethylene Glycol induced 
Urolithiasis in rats

biochemical markers such as plasma or serum 
urea, uric acid, and creatinine were regarded as 
reliable. 36 In the positive control rats, there was 
a significant rise (*p<0.01) in serum BUN, uric 
acid, and creatinine levels. The quercetin treated 
group of animals showed a significant improvement 
(*p<0.01) in the levels of serum BUN, uric acid, 

and creatinine. Similarly, betulin treated rats 
showed a prominent effect on the serum levels 
of BUN, uric acid and creatinine as compared to 
quercetin. The animals treated group with quercetin 
and betulin in combination with piperine showed 
diminished (*p<0.01) levels of BUN, creatinine, 
and uric acid as compared to the positive control 
animals. (Fig 3). 
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Table 3. Effect of test drugs treatment on serum biochemical parameters in Gentamicin-induced nephrotoxicity

Groups	 Treatment and Dose	 Blood Urea	 Uric acid 	 Serum Creatinine 
		  (mg/dl)	 (mg/dl)	 (mg/dl)

I	 Normal 	 23.23 ± 1.45	 2.08 ± 0.07	 0.33 ± 0.05
II	 Gentamicin induced(40 mg/kg)	 97.46± 1.57**	 3.84 ± 0.09**	 4.46 ± 0.06**

III	 Quercetin (2 mg/kg)	 42.78± 1.61*	 2.49 ± 0.05*	 1.35 ± 0.09*

IV	 Betulin (2 mg/kg)	 46.8± 1.98*	 2.72 ± 0.08**	 1.38 ± 0.05*

V	 Quercetin 2 mg/kg + Piperine 10 mg/kg	 27.94± 1.78**	 2.35 ± 0.07**	 0.53 ± 0.06**

VI	 Betulin 2 mg/kg + Piperine 10 mg/kg	 26.99± 1.25**	 2.80 ± 0.05**	 0.46 ± 0.03**

*Normal group of animals as comparable to the positive control, and the groups IV, V, VI and VII. p < 0.01 was considered as 
significant.

Fig. 5. Effect of test drug treatment on histopathological sections of kidneys in Gentamicin induced Nephrotoxic 
animals. G-glomerulus, DPT-damaged proximal tubule, NPT-normal proximal tubule



856 Nagula et al., Biomed. & Pharmacol. J,  Vol. 16(2), 847-862 (2023)

Histopathological Examination
	 In normal animals, the histopathological 
studies of kidneys revealed that there was an 
absolute absence of renal calculi and associated 
deformities.  In the positive control group, there was 
a deposition of calcium oxalate crystal deposits, 
desquamation of epithelium, cellular inflammation, 
and blood vessel congestion which is discernible 
from the sections.  A significant recovery of such 
abnormalities was noticed in animals with test 
drug-treated animals in combination with piperine 
(Fig 4). 
Effect of test drugs treatment in Gentamicin 
induced toxicity
	 There was an increased level of blood urea 
and creatinine in disease induced group of animals. 
Nevertheless, after the treatment, a significant 
protective effect of test drugs was remarkably 
noticed in gentamicin induced nephrotoxic rats. 
The blood urea concentrations were found to be 
reduced in a significant manner (*p < 0.01) in 
test drug treated animals individually and also 
in combination with piperine. The values in 
combined treatment of test drugs with piperine 
treated animals were found to be lessened as 
compared to the individualized drug treated 
groups. Similarly, with regard to serum creatinine 
concentrations, same observations were noted in 
the groups treated with quercetin and botulin along 
with piperine (Table. 3).  In the positive control 
animals, the histopathological sections of the 
kidney showed a damaged proximal tubule with 
a definite sign of nephrotoxicity and pronounced 
renal dysfunction as evidenced by the elevated 
levels of serum creatinine (Fig 5). Also, it was a 
striking observation that there was an improvement 
in the anatomical feature of the proximal tubule in 
animals treated with a combination of test drugs 
along with bio enhancers.     

DISCUSSION

	 The use of any type of drug, whether a 
conventional or an alternative depends on causing 
minimum side effects, reduced cost, and patient 
compliance.37 In the Indian System of Medicine, 
Ayurveda was found to be most prominent and 
might be considered perpetual in the treatment of 
chronic diseases such as diabetes, hypertension, 
central nervous system disorders, and certain 

cancers.38 According to reports, kidney stones 
have been a problem for humans for a very long 
time and were one of the causes of renal failure. 
Surgery was seen to be the best option because 
there is currently not even a single medication 
that may effectively treat urolithiasis, especially 
when previous treatments were ineffective.39,40 
However, it is high-priced and out of reach for an 
average person. As a result, natural medicines were 
seen as the best option.41 In the present research, 
urolithiasis had been evaluated with chronic 
treatment in animals. The rationale behind this 
type of investigation depended on the test drug 
that possesses medicinal values, which eventually 
inclined to a good therapeutic outcome. Globally 
the prevalence of renal stone formation had been 
tremendously increased ranging from 1 to 15%, 
along with time, affecting with more eminent 
hallmark as reoccurrence of stone formation.42 
Several treatment strategies were heeded for 
ages, but there was a lacuna of proper display 
of successful triumphant therapy.43 Hence the 
current study emphasized a phytotherapeutic 
investigation of active constituents of the herbal 
drug in the treatment of urolithiasis. In the 
present study, the role of a bio enhancer played 
was so crucial that the combination of test drugs 
with a bio enhancer, piperine was investigated 
for anti-urolithiatic activity.44,45,46 There were 
studies that explored the concomitant use of bio 
enhancers with the test drugs,- and reported a 
favorable outcome with respect to the therapy.47  
Concurrently, it is mandated to consider the 
absorption, when given in conjunction with other 
drugs, as absorption reflects the bioavailability of 
the test drug administered. Piperine was used as a 
bio enhancer, as it is commonly accepted, to affect 
the absorption process from the gut, decelerate the 
biotransformation, inactivation and elimination 
of drugs.48,49 Eventually, the concentration and 
sustainability of the drug in the blood are retained 
thus making the availability and utilization of 
drug to a certain extent by the tissues.50 Since 
ancient times, the concept of bio-enhancers with 
herbal origin was found to have importance in 
the Ayurvedic system of medicine.51 The species 
belonging to ‘Piper’ which contains the active 
component piperine was found to improvise the 
bioavailability of drugs, vitamins, and nutrients.52 
The combination of piperine with drugs is more 
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beneficial in drugs that are poorly available, long-
term usage, hazardous and are costly.53 Piperine 
might have a mechanism of inhibiting the enzymes 
responsible for biotransformation thus preserving 
the drug stay for longer period of time. In the 
therapy of kidney stone formation, there might be 
a requirement of chronic use of medicines as a part 
of therapy, or a need for a surgery that becomes 
burdensome for a common man. Hence the use 
of herbal bio-enhancer in combination with drugs 
may have a promising effect in the successful 
treatment.54 Additionally, piperine was also found 
to act by increasing the drug absorption in the GIT, 
reduces the drug elimination from cells, inhibits the 
production of glucuronic acid in the intestine, thus 
making the active drug enter the body.55 
	 In the current study, the body weight, 
urine analysis for calcium, oxalate, and phosphate 
estimation, serum concentrations of BUN, urea, 
creatinine, and microscopic examination of urine 
samples for calcium oxalate crystal formation and 
the histopathology of the kidney were analyzed.56 
The test drugs quercetin and betulin were combined 
individually with piperine and were evaluated for 
the above-mentioned activities. In their previous 
study by the same authors the Hydroalcoholic 
(80%-water, 20%-alcohol) extract of A. lanata 
flowers was prepared and fractionation with 
different organic solvents were carried out. The 
two fractions (ethyl acetate and n-butanol) were 
subjected to isolation of active constituents 
using column chromatography technique, 
followed by preparative high performance thin 
layer chromatography (HPTLC) and then the 
individual components were characterized by IR 
spectrophotometry.21 Urolithiasis in experimental 
animals was induced using ethylene glycol, 
administration of this led to calcium oxalate 
monohydrate formation through the metabolism 
process and got reflected in both urine and 
serum.57,58 The chronic treatment with Quercetin 
solely and in combination with piperine revealed 
a significant intrinsic diuretic like effect by 
increasing the output of urine, thus diluting the 
electrolyte concentration. The effect on the output 
of urine might be due to the possible action of 
A.lanata on the excessive secretion or reduction in 
the concentration of urinary salts, consistent with 
the previous studies of A.lanata as a diuretic.59

	 In the genesis of calculi, urinary super 

saturation with regard to the stone-forming 
constituents was considered one of the causative 
factors.  The excretions of calcium and phosphorus 
in urine were also elevated in animals which 
possessed a tendency of stone formation. In the test 
drug treated animals in combination with piperine 
there was a significant lowering effect in the levels 
of calcium, phosphate and oxalate crystals.60 In the 
positive control animals, there was an exceptional 
formation of rectangular shaped calcium oxalate 
crystals in the urine sample. Additionally, the 
microscopic analysis of urine samples revealed that 
the test drugs mitigated the intensity of formation 
of crystals of calcium which was conspicuously 
noted. This may be also due to the inhibition of the 
Oxalate oxidase enzyme activity that is responsible 
for the stone formation.61 
	 Urolithiasis occurs when calculi build 
up in the urinary tract, obstructing the glomerular 
filtration rate (GFR) and lowering urine output 
and also due to the damage to renal parenchyma. 
In consequence, waste products, compounds like 
BUN, creatinine, and uric acid, may build up in 
the bloodstream.62 Due to this, waste products, 
particularly nitrogenous substances such as urea, 
creatinine, and uric acid, get accumulated in the 
blood. The treatment with quercetin and betulin 
in combination with piperine considerably reduced 
the high BUN, creatinine, and uric acid levels in 
the blood. This lowered the danger of waste debris 
obstructing urine flow in the urinary system.63The 
increased quantity of nitrogenous compounds in 
serum also signals a risk of kidney injury, which 
was dramatically reduced in rats given with the 
chronic treatment of test drugs in conjunction 
with piperine. 64,65,66 Microscopically the slides 
of kidneys in disease control animals showed 
accumulation of calcium oxalate crystal deposits 
with cellular inflammation; test drug treated 
animals exhibited recovery from abnormalities 
after the treatment in combination with piperine. 
	 An aminoglycoside, Gentamicin being 
nephrotoxic was used for induction of nephrotoxicity 
in animals in order to evaluate the test drugs.67 It 
produced necrosis followed by a hampered function 
of kidney which might be a clear evident from the 
histopathological study of kidney sections.68 In the 
current study, the serum samples were determined 
for urea, uric acid and creatinine in diseased 
and test drug treated groups. In positive control 
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animals’ the histopathological sections revealed 
an upsurge of three parameters which indicated a 
dysfunction and nephrotoxic effect, also manifested 
by the proximal tubule damage and marked renal 
dysfunction as observed with the levels of serum 
creatinine. The test drug treated animals with bio 
enhancer had significantly reduced the biochemical 
parameters- urea, uric acid and serum creatinine 
and restored the anatomical features of renal 
tissue to normalcy. It is quite important to note 
that whenever there is an alteration in creatinine, 
it might enhance the stone formation, deposition 
of nitrogenous waste as proven with the urea and 
uric acid levels, and eventually a kidney damage. 

There was an improvement in the structural 
features of proximal tubule in animals treated with 
combination of test drugs along with piperine. 
Several studies have been reported on bioenhancing 
effect of piperine that it improvised the absorption 
of many drugs.69,70,71 The same principle might be 
responsible for the mode of action of isolated test 
compounds quercetin and botulin in urolithiasis 
and nephrotoxicity.  
	 In regard to the betulin mechanistic 
effect, there had been a study conducted on mice 
and was derived that betulin diminished liver 
injury induced by alcohol, probably by activating 
sirtuin 1 (SIRT1) signaling pathway.72 The NAD+ 
(Nicotinamide adenine dinucleotide) -dependent 
deacetylase sirtuin 1 (SIRT1) significantly protects 
the kidneys by controlling fibrosis, apoptosis, 
senescence, oxidative stress, inflammation, and 
the aging process. Numerous kidney disorders, 
including diabetic kidney disease and HIV-related 
kidney disease, have been linked to Sirt1’s renal 
protective properties. SIRT1 may be developed as a 
treatment for both CKD (Chronic Kidney disease) 
and CKD complications because it has protective 
effects against arterial calcification.73 Hence there 
is also a possibility of the test compounds quercetin 
and betulin acting as sirtuin 1 activators and thereby 
might have a promising therapeutic effect on 
nephrolithiasis and kidney stone formation.74

	 Keeping in view of these above 
considerations, the test drugs quercetin and 
betulin may be suitable for the treatment of calculi 
formation and renal damage, hence considered as 
nephroprotective agents. 

CONCLUSION

	 The current study results showed depletion 
in the formation of calcium, phosphate, and oxalate 
crystals in the test drug-treated animals with the 
enhanced functional capacity of the kidneys as 
evident with the parameters like BUN, urea, and 
creatinine respectively. Additionally, there were no 
renal calculi noted in the histopathological sections. 
Hence it can be concluded that chronic treatment 
with the combination of quercetin and betulin with 
piperine had a probable anti-urolithiatic activity 
combating stone formation which supported the 
rational use of a bio enhancer. As a nephroprotective 
agent, the test compounds presented a significant 
improvement in the serum parameters and restored 
the renal structure. Thus, Quercetin and betulin 
were proven to be nephroprotective and could 
be considered favorable drugs in kidney related 
diseases.  The concept of the use of bio enhancers 
inclined innovative research in the traditional 
system of medicine.  This eventually leads to cost 
reduction, minimal side, toxic effects, and safer 
drug usage in patients. However, the development 
of new potent Piperine derivatives and novel bio 
enhancers must be continued. Extreme care is 
necessary when piperine is combined with such 
drugs whose levels get influenced by it. Hence, 
furthermore, elaborated pharmacokinetic studies 
are required to evaluate the crucial role of bio 
enhancers.
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