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Abstract: Introduction: Renal ischemia-reperfusion injury (IRI) causes renal functional alterations which may lead to 
permanent renal impairment. β-caryophyllene (BCP), a natural bicyclic sesquiterpene, is an important constituent of 
many edible plants including spices. It is an FDA-approved food additive which possesses potent anti-inflammatory 
and antioxidant activities and has been shown to protect against chemotherapeutics-induced organ toxicities and 
against ischemic injuries to heart, liver and brain. Oxidative stress and inflammation is a main accompaniment of 
renal dysfunction, however, the effect of BCP on IRI-induced renal dysfunction has not been investigated yet and 
therefore the aim of this study was to investigate the effect of BCP on IRI-induced renal dysfunction. Methods: Wistar 
rats underwent left renal warm ischemia for 40 minutes. G-BCP (n=13) received oral BCP (50 mg/kg/day) dissolved 
in a vehicle starting 7 days prior to IRI and continued 7 days thereafter when the renal functions of both kidneys 
and the markers of oxidative stress and pro-inflammatory cytokines were measured. G-Vx (n=13) underwent similar 
protocol but received vehicle only. Results: IRI affected hemodynamic (renal blood flow and glomerular filtration 
rate) and tubular (urine volume, total and fractional urinary sodium excretion) parameters in the left ischemic kidney 
in G-Vx. Though, BCP did not affect any of these alterations in the ischemic kidney (P>0.05 for all). However, it at-
tenuated the alterations in malondialdehyde (MDA) and glutathione (GSH) in the left ischemic kidney in G-BCP com-
pared to G-Vx (9.3±2.1 vs. 4.8±1.0, P=0.047 and 18.1±2.5 vs. 13.6±1.7, P=0.09, respectively). Conclusion: Our 
study results demonstrate that BCP attenuated the alterations in some of the oxidative stress markers. However, 
these were not translated in to the protective effects on the haemodynamic and tubular glomerular functions when 
measured seven days post-IRI. This suggests that BCP has a weak reno-protective effect under ischemic conditions.
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Introduction

Renal ischemia-reperfusion injury (IRI) is an 
invariable consequence of several conditions 
such as resuscitation following systemic hypo-
tension and procedures including renal trans-
plantation, aortic cross clamping and partial 
nephrectomy [1]. IRI causes renal functional 
alterations that may eventually result in renal 
impairment [2-4]. The efforts to decrease isch-
emia-reperfusion injury have been the subject 
of many previously performed studies and it’s 
apparent that several agents and modified 
technique attenuate the ischemia-reperfusion 
induced renal injury [3, 5-9].

β-caryophyllene (BCP), a natural bicyclic ses-
quiterpene, is an important constituent of many 

edible plants including spices such as oregano, 
cinnamon, cloves, ginger, black pepper and 
rosemary. It is one of the chemical compounds 
that contribute to the spiciness of black pepper. 
BCP is an FDA-approved food additive and is 
one of the major component of cannabis sativa 
and Sativex, an approved drug in European 
countries and Canada [10]. BCP is notable for 
having a cyclobutane ring, a rarity in nature 
which contributes to the anti-inflammatory 
activity of β-caryophyllene.

BCP has been shown to exhibit anti-inflammato-
ry and antioxidant actions and confer organo-
protective effects against chemicals and drugs 
as well as ischemic injuries to brain, liver and 
heart in experimental studies [11]. BCP has 
been shown to ameliorate ulcerative colitis, 
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hepatitis, endometriosis, peptic ulcer, neuro-
pathic pain, cerebral ischemia-reperfusion inju-
ry and other neurological conditions [11-15]. 
Recently, BCP has been shown to attenuate 
nephrotoxicity induced by a chemotherapeutic 
drug cisplatin [16]. The recent renoprotective 
effect of BCP against cisplatin, and its effect 
against ischemic-reperfusion injury of other 
organs prompted us to investigate the effect of 
BCP on the kidney dysfunction following isch-
emia-reperfusion injury in a rat model of warm 
ischemia-reperfusion injury. We investigated 
the effect of BCP on renal hemodynamic and 
tubular functions as well as on oxidative stress 
markers and biomarkers of inflammation.

Materials and methods

Studies were performed in male Wistar rats 
weighing 234-263 g at the time of IRI. Rats 
were housed in standard cages and kept in a 
12-hour light-dark cycle at 20°C. They were fed 
a standard rat chow and had free access to 
water. Animals were fasted for 12 hours before 
the experimental procedures but had water ad 
libitum. The experimental protocol was appro- 
ved by the Institutional animal research ethics 
committee.

Ischemia-reperfusion injury

Under aseptic conditions, the animals were 
anesthetized with ketamine hydrochloride (70 
mg/kg, intraperitoneally, Pantex Holland B.V., 
Holland) and Pentobarbital Sodium (20 mg/kg, 
intraperitoneally, Sigma Life Science, St Louis, 
USA). The left renal artery was then exposed via 
a flank incision and occluded using microvascu-
lar non-traumatic bulldog clamp. Following a 
warm ischemia of 40 min, the microvascular 
clamp was removed to allow reperfusion. At the 
end, the wound was closed in layers.

Caryophyllene/vehicle administration

β-caryophyllene was dissolved in olive oil and 
administered orally by gavage immediately 
after preparation as single daily dose of 50 
mg/kg/day. The reatment was started 7 days 
before institution of ischemia and continued for 
7 days thereafter until the terminal experi- 
ment.

Experimental groups

Animals were divided into two groups: 1. G-BCP 
(n=13): Rats received β-caryophyllene and 

underwent renal ischemia for 40 min. 2. G-Vx 
(n=13): Rats received only the vehicle and 
underwent renal ischemia for 40 min and 
received only the vehicle (olive oil).

Surgical procedure in the terminal experiment

All rats underwent terminal experiment seven 
days following IRI. Animals were anaesthetised 
with pentobarbital sodium (45 mg/kg, intraper-
itoneally; Sigma Life Science, St Louis, USA) 
and the trachea was cannulated. The right fem-
oral vein was then cannulated with polyethyl-
ene tubing (PE-50) and anaesthesia was main-
tained by a continuous infusion of pentobarbital 
sodium (15 mg/kg/hr) and a sustaining infu-
sion of 0.9% saline was established at a rate of 
50 µl/min using an infusion pump. The left 
femoral artery was cannulated with similar tub-
ing used in the femoral vein and the tip of the 
cannula was positioned just below the level of 
the left renal artery. The cannula was connect-
ed to a pressure transducer (Memscap, Sko- 
ppum, Norway). The blood pressure signal was 
amplified using a bridge Amp (AD Instruments, 
Castle Hill, Australia), digitised using Power Lab 
4/30 and Lab Chart version 6 software (AD 
Instruments, Australia) and displayed on a com-
puter screen. The arterial cannula was also 
used to obtain blood samples throughout the 
procedure as required. Both kidneys were 
exposed through a midline abdominal incision 
and the upper ureters were cannulated with 
polyethylene tubing (PE-10) for the collection of 
urine into pre-weighed micro-capped tubes. 
The urine volume was determined gravime- 
trically.

On completion of surgery, the sustaining infu-
sion of 0.9% saline was replaced by one com-
posed of Fluorescein isothiocyanate-inulin 
(FITC-inulin, Sigma-Aldrich, St Louis, USA) (2.5 
mg/ml) and para-aminohippuric acid (PAH, 
Sigma-Aldrich, MO, USA) (0.4% w/v) in 0.9% 
saline. A priming dose of 2 ml of the same solu-
tion was infused over 2 minutes. Animals were 
allowed 45 minutes to equilibrate before being 
subjected to the experimental protocol.

Experimental protocol and assays

The experimental protocol consisted of two 
20-minute clearance periods. Arterial blood 
samples (0.4 ml) taken at the beginning and 
end of the clearance periods were immediately 
centrifuged. Plasma samples (125 µl) were fro-
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zen to be assayed later. The plasma was 
replaced by an equal volume of saline and the 
erythrocytes were re-suspended by gentle vor-
texing and returned to the animal. The hemato-
crit was determined. Finally, after euthanizing 
the animals, the kidneys were removed, 
weighed and prepared for biochemical studies 
(vide infra).

Urine and plasma samples were assayed for 
sodium level using a flame photometer (Corning, 
Halstead, Essex, England). Glomerular filtration 
rate (GFR) was estimated from the clearance of 
inulin. Renal blood flow (RBF) was calculated 
using the formula [RBF=ERPF/(1-hematocrit)], 
where the PAH clearance was used to estimate 
ERPF (effective renal plasma flow). The values 
of GFR, RBF, urine volume (UV), urinary sodium 
(UNaV) and fractional excretion of sodium (FENa) 
were calculated as the average of the two clear-
ance periods and were corrected for kidney 
weight.

Biochemical studies

Following the terminal experiment, the kidneys 
were quickly removed and placed on ice and 
immediately snap frozen in liquid nitrogen for 
future analysis. Upon finishing all the terminal 
experiments, the right and left kidney from all 
rats were collected from each group and 
homogenized in potassium chloride buffer con-
taining Tris-HCl 10 mM, NaCl 140 mM, KCl 300 
mM, EDTA 1 mM, Triton X-100 0.5% at pH 8.0 
supplemented with protease and phosphatase 
inhibitor. The tissue homogenates of the sam-
ples were centrifuged at 14000×g for 20 min at 
4°C to obtain the post-mitochondrial superna-
tant (PMS) for estimation of some of the oxida-
tive stress markers and pro-inflammatory cyto-
kines using spectrophotometric measurements 
and enzyme-linked immunosorbent assay 
(ELISA). 

Protein estimation: The protein contents in the 
samples were estimated using the Pierce BCA 
protein assay kit (Thermo Fisher Scientific, 
Rockford, IL, USA) following the manufacturer’s 
instructions.

Measurement of malondialdehyde (MDA): The 
tissue level of MDA was measured using com-
mercially available kit from North West Life sci-
ence (Vancouver, WA, USA). Briefly, the samples 
or calibrators (250 µl) were incubated in the 

presence of acid reagent and thiobarbituric 
acid (250 µl) and mixed vigorously using vortex 
mixer. The samples were incubated for 60 min 
at 60°C and then centrifuged at 10,000×g for 
2-3 min. The resultant reaction mixture was 
transferred to cuvette and the spectra were 
recorded at 532 nm. The results were expressed 
as µM MDA/mg protein. 

Measurement of glutathione: The amount of 
glutathione (GSH) was estimated using the 
manufacturer’s instructions of the commercial-
ly available kit. The samples were first de-pro-
teinized with 5-sulfosalicylic acid solution (5%) 
and centrifuged to remove the precipitated pro-
tein. The supernatant was used to estimate the 
amount of GSH. The samples or standards (10 
µl) were incubated with 150 µl of working mix-
ture (assay buffer+5,5’-Dithiobis (2-nitrobenzo-
ic acid) + glutathione reductase) in a 96 well 
plate for 5 min. Diluted NADPH solution (50 µl) 
was added to the each well and mixed properly. 
The absorbance of the samples was recorded 
at 412 nm using the microplate reader with the 
kinetics for 5 min. The results were expressed 
as µM GSH/mg protein.

Estimation of nitrite levels: The nitrite levels 
were estimated by commercially available kit 
(R&D system, Minneapolis, MN, USA). Briefly, 
the sample or nitrite standard (50 µl) were 
added with reaction diluent (50 µl) in 96 well 
plate supplied by manufacturer. Subsequently, 
Griess reagent (50 µl) was added to the each 
well and mixed by gentle tapping on the side of 
the plate. The plate was incubated for 10 min at 
room temperature and the absorbance was 
measured at 540 nm using the microplate 
reader. The nitrite levels were expressed as 
µmol/mg protein.

Estimation of pro-inflammatory cytokines: The 
levels of pro-inflammatory cytokines interleukin-
1β (IL-1β) and tumor necrosis factor-alpha 
(TNF-α) were estimated using the commercially 
available ELISA kits purchased from R&D sys-
tem, Minneapolis, MN, USA. Briefly, 96-well 
plate was coated with the diluted capture anti-
body (100 µl) for overnight at room tempera-
ture. Each well was aspirated and washed with 
the wash buffer (0.05% tween 20 in PBS 0.01 
M pH 7.4). The plate was blocked by adding 
reagent diluent (containing 1% bovine serum 
albumin in PBS (300 µl) for 1 hr and washed 
with wash buffer. The samples or standards 
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(100 µl) were added to the well and incubated 
for 2 hrs. Each well was exchanged with the 
detection antibody (100 µl) and then incubated 
for 2 hrs at room temperature. The wells were 
then exchanged with working solution (1:200) 
of streptavidin horseradish peroxidase (100 µl) 
and further incubated for 20 min. The wells 
were exchanged with substrate solution (100 
µl) and incubated for 20 min. Stop solution 
containing 2N H2SO4 (50 µl) was added and the 
plate was gently tapped to ensure proper mix-
ing. The absorbance of each well was mea-
sured immediately at 450 nm using microplate 
reader. The results were expressed as pg/mg 
protein.

Statistical analysis

Statistical analysis was performed using SPSS 
V16.0. Results were expressed as means ± 

SEM. One-way factorial ANOVA was used for 
comparison of variables between the two 
groups and between the control and ischemic 
kidneys within each group. P value less than 
0.05 was considered statistically significant.

Results

The mean arterial blood pressure and heart 
rate in G-Vx and G-BCP were similar (109±3 vs. 
109±2, P=0.94 and 435±7 vs. 428±7, P=0.47).

Glomerular and tubular functions

In G-Vx, left RBF, seven days following IRI, was 
45% of the right RBF (3.11±0.58 vs. 6.88±0.75, 
P=0.001). Similarly, left GFR was 38% that of 
the right GFR (0.29±0.06 vs. 0.77±0.06, 
P=0.0001) (Figure 1). With the decrease  
in both RBF and GFR, the FENa in the left kid- 
ney was significantly higher than the right kid-
ney (2.56±0.96 vs. 0.54±0.12, P=0.03). 
However, both UV and UNaV were similar in the 
two kidneys (8.45±1.80 vs. 10.45±2.17, and 

Figure 1. The glomerular filtration rate (GFR) and re-
nal blood flow (RBF) in the right and left kidneys in 
G-Vx and G-BCP following left renal ischemia. Values 
represent mean ± SEM. *Indicates statistical signifi-
cance between the right and left kidney within the 
same group.

Figure 2. The tubular functional parameters includ-
ing urine volume (UV), urinary sodium (UNaV) and 
fractional excretion of sodium (FENa) in both kidneys 
in G-Vx and G-BCP following left renal ischemia. Val-
ues represent mean ± SEM. *Indicates statistical 
significance between the right and left kidney within 
the same group.
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1.29±0.33 vs. 2.13±0.74, respectively, P>0.05 
for both) (Figure 2).

In G-BCP which received the BCP, the RBF and 
GFR in the left kidney were also significantly 
lower that of the right kidney (2.85±0.55 vs. 
6.84±0.69 and 0.26±0.06 vs. 0.85±0.09, 
respectively, P=0.001 for both) (Figure 1). As 
shown in Figure 2, the FENa of the left kidney 
were higher than that of the right kidney 
(2.32±0.92 vs. 0.63±0.13 P=0.04). However, 
the UV and UNaV of the left kidney were similar 
to those of the right kidney (8.18±1.58 vs. 
10.74±2.31, and 1.21±0.21 vs. 2.03±0.51, 
respectively, P>0.05 for both).

When G-BCP was compared to G-Vx, all vari-
ables in the right non-ischemic kidneys in both 
groups were similar (P>0.05 for all variables). 
Similarly, all variables in the left ischemic kid-
ney were also similar in both groups (P>0.05 for 
all).

Oxidative stress markers

As depicted in Figure 3, in G-Vx, the tissue level 
of MDA in the left kidney was higher than that 
of the right kidney (9.3±2.1 vs. 3.9±0.9, 
P=0.04). However, the level of both GSH and 
nitric oxide were similar in both kidneys 
(13.6±1.7 vs. 16.3±1.5 and 13.5±2.6 vs. 
11.1±2.7, P>0.05 for both). In G-BCP, all MDA, 
GSH and nitrite were similar when the left and 
right kidneys were compared (4.8±1.0 vs. 
3.9±1.2, 18.1±2.5 vs. 16.1±1.2, and 11.7±1.3 
vs. 11.1±1.6, respectively, P>0.05 for all).

When the right kidneys in G-BCP and G-Vx were 
compared, all the MDA, GSH and nitrite levels 
were similar in the two groups. Comparing the 
left kidneys in both groups, MDA was lower in 
the G-BCP (9.3±2.1 vs. 4.8±1.0, P=0.047). 
GSH in the left kidney was higher in the G-BCP 
but this did not reach statistical significance 
(18.1±2.5 vs. 13.6±1.7, P=0.09). The left nitrite 
level was similar in both groups (Figure 3).

Pro-inflammatory cytokines

In G-Vx, the tissue level of both TNF-α and IL-1β 
in the left ischemic kidney were significantly 

Figure 3. The tissue level of the oxidative stress 
markers malondialdehyde (MDA), glutathione (GSH) 
and nitrite in both kidneys in G-Vx and G-BCP. Val-
ues represent mean ± SEM. *Indicates statistical 
significance between the right and left kidney within 
the same group whereas the bar indicate the level of 
significance between the left kidneys in both groups.

Figure 4. The tissue level of the pro-inflammatory cy-
tokines TNF-α and IL-1β in both kidneys in G-Vx and 
G-BCP seven days following reperfusion and using 
oral β-caryophyllene. Values represent mean ± SEM. 
*Indicates statistical significance between the right 
and left kidney within the same group.
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lower than the right kidney (391±87 vs. 
789±46, P=0.001 and 1382±115 vs. 1829± 
88, P=0.008, respectively) (Figure 4). 

In G-BCP, a similar trend was observed; as 
TNF-α was also significantly lower in the left kid-
ney (558±61 vs. 758±26, P=0.008) and the 
IL-1β in left kidney was lower than the right one 
but this did not reach statistical significance 
(1537±97 vs. 1753±52, P=0.06).

When the right kidneys in the two groups were 
compared, both TNF-α and IL-1β were similar. 
There were also no differences between the 
left kidneys in both groups.

To rule out the possibility of issues related to 
the dosing and the route of drug delivery, we 
also performed another set of experiments 
wherein age-matched rats underwent similar 
protocol i.e. left renal ischemia for 40 minutes. 
The treated animals, G-BCP-IP (n=7) received 
β-caryophyllene 25 mg/kg dissolved in 0.5 ml 
of olive oil twice daily intra-peritoneally starting 
24 hours prior to the ischemia and continued 
thereafter until the measurement of tissue 

level of the inflammatory biomarkers 24 hours 
following the reperfusion in contrary to the sev-
enth day post-IRI as in the main study protocol. 
The control group, G-VX-IP (n=7) underwent 
similar protocol but received only intraperito-
neal injection of the vehicle. As demonstrated 
in Figure 5, in G-Vx-IP, the tissue level of TNF-α 
in the left ischemic kidney was significantly 
lower than the right kidney (557±55 vs. 
800±42, P=0.005). IL-1β was also lower in the 
left kidney but did not reach statistical signifi-
cance (2865±66 vs. 3145±134, P=0.08). 
Similarly, in G-BCP-IP, TNF-α was significantly 
lower in the left kidney (487±46 vs. 733±39, 
P=0.002). IL-1β was also lower in the left kidney 
but did not reach statistical significance 
(2702±104 vs. 3012±153, P=0.09). When the 
right kidneys in the two groups were compared, 
both TNF-α and IL-1β were similar. There were 
also no differences when the left kidneys in 
both groups were compared.

Discussion

In the current study, we have investigated for 
the first time, the effect of β-caryophyllene on 
the renal dysfunction following ischemia-reper-
fusion injury. The administration of β-caryo- 
phyllene prior to and following IRI has some pro-
tective effects on some of the oxidative stress 
markers. However, it seems that the effects 
were not strong enough to be reflected on the 
ischemia-induced alterations in renal function-
al hemodynamic and tubular parameters.

The renal dysfunction observed in IRI is caused 
by both ischemia and reperfusion injury. The 
pathogenesis of the injury appears to be multi-
factorial and is associated with hypoxia and 
consequent excessive production of reactive 
oxygen species and other oxidative stress 
markers. Subsequent to oxidative stress, there 
is also an induction of inflammatory response 
that is characterized by increased production 
of several pro-inflammatory cytokines such as 
TNF-α, Il-1β and IL-6 [17-21].

In the current study, despite the attenuation of 
some of the oxidative stress markers, 
β-caryophyllene did not significantly affect the 
renal hemodynamic or tubular parameters 
which were similar in the two groups. From the 
present data, it is difficult to determine the 
exact reason for the lack of improvement in the 
renal functions; however, this lack of effect is 

Figure 5. The tissue level of the pro-inflammatory 
cytokines TNF-α and IL-1β in both kidneys in G-Vx-
IP and G-BCP-IP 24 hours following reperfusion and 
using intra-peritoneal β-caryophyllene. Values repre-
sent mean ± SEM. *Indicates statistical significance 
between the right and left kidney within the same 
group.
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unlikely to be due to bioavailability issues 
because similar protective doses were showed 
to be protective by other investigators [12, 22]. 
Moreover, the attenuation of the rise in the tis-
sue levels of MDA observed in G-BCP group 
indicates that the drug was bioavailable.

In this study, it can also be argued that, the 
renal functions and other biomarkers were 
measured relatively too long after the induction 
of acute injury i.e. seven days after the isch-
emic insult that is the time when most of the 
acute injury markers may have returned to nor-
mal level. To rule out this possibility and the 
possibility of issues related to the dosing and 
the route of drug delivery, we also performed 
another set of experiments wherein age-
matched rats underwent similar protocol but 
received an intra-peritoneal β-caryophyllene 
instead of oral route. The results showed simi-
lar findings to those obtained in the main exper-
iment when the β-caryophyllene was adminis-
tered orally and the biomarkers were measured 
seven days post-IRI. Collectively, the data 
obtained with intraperitoneal or oral doses of 
β-caryophyllene demonstrate the weak protec-
tive effect of β-caryophyllene in this model. The 
probable reason for this could be due to either 
the severity of the 40-minutes warm ischemia-
induced injury or the weak effect of β- 
caryophyllene on the the inflammatory media-
tors involved in the early alterations observed 
in ischemia-reperfusion injury or both.

This lack of improvement in the clinically more 
relevant renal functional parameters despite 
the attenuation in the alterations of some of 
the biomarkers of renal injury has been report-
ed previously with other therapeutic agents in 
ischemia-reperfusion injury [18] and other 
renal conditions [23, 24]. It is imperative to 
believe that this might apply to other therapeu-
tic agents in other organs. Indeed, there is large 
number of studies in the literature which dem-
onstrated the beneficial protective effects of 
many therapeutic agents on injury-induced 
markers in various organs. The vast majority of 
these studies, however, did not further investi-
gate the effect of these agents on the more rel-
evant clinical parameters. Additionally, it is not 
known with certainty if these early changes in 
the acute injury markers would be reflected on 
clinical indices long-term. 

β-caryophyllene has significantly attenuated 
the rise in the MDA level in the left ischemic 

kidney in the G-BCP compared to G-Vx when 
measured seven days following the IRI but it 
had only weakly affected the level of GSH in the 
ischemic kidney when the two groups were 
compared. This is probably due to the fact that 
the tissue level of GSH was similar in both the 
ischemic and control kidneys in both groups. 
GSH is an endogenous free radical scavenger 
and the lack of increase in the tissue level of 
GSH following IRI could possibly be due to the 
over-consumption of GSH during the break-
down of free radicals. Similar findings were 
reported in other tissues [25]. Collectively, the 
findings of this study confirm the antioxidant 
protective effect of β-caryophyllene, although 
weak, which has been reported previously in 
other renal conditions such as cisplatin-induced 
nephrotoxicity [16].

In conclusion, the administration of β-caryo- 
phyllene before and during as well after isch-
emia-reperfusion injury appears to have a mar-
ginal protective effect on the IRI-induced alter-
ations in some of the biomarkers of acute renal 
injury but did not significantly affect the hemo-
dynamic or tubular renal functional parame- 
ters.
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