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Introduction
Cyclosporine A (CsA) is effective in inducing or maintaining 

remission in patients with frequently relapsing or steroid-
dependent nephrotic syndrome [1,2]. CsA-induced remission is 
not long-lasting and most patients relapse within the few months 
following cessation of treatment [3]. Thus, CsA may have to be 
administered for long periods of time, exposing patients to its 
potential nephrotoxicity in addition to its high cost.

Use of drugs particularly ketoconazole, that slow CsA 
metabolism among nephrotic syndrome patients was found to be 
successful, not only in reducing the treatment costs but also resulting 
in more stable renal function [4]. However, long term safety of 
ketoconazole administration in such patients is questioned and the 
use of natural fruit extract may be preferred for such indication.

Grapefruit (Citrus paradise) (GF) juice, a beverage consumed 
in large quantities by the general population, is an inhibitor of the 
intestinal cytochrome P-450 3A4 system, which is responsible 
for the first-phase metabolism of many medications; most notable 
is its effects on CsA [5].  Grapefruit juice contains various 
components; is Naringin is the predominant compound (10% of its 
dry weight) and is likely to be one of the components in grapefruit 
that affects drug metabolism and proved to have antioxidant and 
hepatoprotective activities [6]. However, no available evidences to 
confirm which compound in GF may modulate the activity of CsA. 
Therefore, a lyophilized grapefruit juice was utilized in this study.

Our aim is to study the efficacy and safety of co-administration 
of standard lyophilized GF capsules in combination with CsA in the 
management of Idiopathic Nephrotic Syndrome (INS) patients. 

Patients and Methods
Patients

Twelve patients who were diagnosed as idiopathic nephrotic 
syndrome and being followed up in the outpatient clinic of the 
urology and nephrology center, Mansoura University were the 
subject of this study. 

Inclusion Criteria
Different age groups are included.•	

All patients are in remission both clinically and by laboratory •	
investigations.

Absent relapse in the previous 6 months before inclusion.•	

All patients are maintained on stable dose of Cyclosporine A •	
(CsA) for the previous 2 months.

All patients are either steroid free or maintained on not more •	
than 10 mg/day of oral prednisone.

Normal liver function.•	

Consent for inclusion onto the study and approval of local •	
ethical committee.

Preparation of Lyophilized Grape Fruit Capsules (LGF)
A pre-concentrated juice was freeze-dried in a Labconco 

FreeZoneR Freeze Dry System - model 740020 - under 46 
mbar and - 47°C. The formulation used was 50% of grape juice 
concentrated by RO (28.5°Brix) and 50% of hydrocolloids (37.5% 
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of maltodextrin and 12.5% of Arabic gum). The solution of the 
hydrocolloids and the concentrated grape juice were mixed during 
60 min and stored in an isolated container. This sample was then 
rapidly iced with liquid nitrogen and immediately submitted to 
the freeze-drying process in Pharmacognosy Department, Faculty 
of Pharmacy, Mansoura University, Mansoura 35516. The hard 
gelatin capsules, each contains 500 mgs of LGF were prepared in 
Pharco Pharmaceutical Company, Alexandria, Egypt.

Methods
The design included three phases separated by two washout 
periods, as follows:

Phase one: •	 Lyophilized grape fruit capsules were administered 
in a dose of 1 gm/day concomitantly with CsA in the morning 
and evening doses (i.e. one capsule=500 mg/12 hours) and 
maintained for 7 days. First washout period: Grape fruit 
capsules were withholding for 10-days period.

Phase two: •	 Escalating dose of grape fruit was given in the 
same manner; 2 gm/day (2 capsules/12 hours) for another 
7 days. Second washout period: Grape fruit capsules were 
withholding for another 10-days period.

Phase three: •	 Grape fruit was given in a dose of 3 gm/day (3 
capsules/12 hours) for an extra 7 days’ period.

Investigations
Cyclosporine A Level Monitoring

Six-Hour area under the whole blood concentration time curve •	
(AUC):

CsA levels are estimated at different time points as follows: •	
trough (just before CsA administration), 1 hour,2 hours, 3 
hours and 6 hours post CsA administration.

This 6-hour AUC is performed twice, both basally (before •	
grape fruit administration) and at the end of phase 1.

Trough and two-hour post CsA administration:•	

Performed at the end of both phase 2 and 3 and also at the end •	
of first and second washout periods.

Monoclonal-specific CsA kits, TDx method; Abbott •	
Diagnostic, Abbott Park, IL were utilized.

Other Laboratory Investigations
Serum creatinine, albumin, cholesterol, liver function tests, •	
complete blood picture as well as 24-hour urinary protein 
collection were performed at the start and the end of the 3 
phases of grape fruit co-administration.

Follow up
All patients are subjected to a thorough clinical evaluation 

at each visit with special emphasis on administered drugs side 
effects.

Statistical Analysis
Student’s t-test was used to compare between the two groups 

in continuous data, P value ≤ 0.05 was considered as significant

Results
Twelve patients who were originally diagnosed as INS were 

enrolled in the study. The demographic criteria are demonstrated 
(Table 1). The patients were selected from different age groups 
and both sexes. All enrolled patients were clinically stable and 
maintained on the least effective dose of steroids and CsA that 
could maintain remission.

Tables (2 a, b and c) show CsA blood concentrations both 
basally and after GF administration at different doses. Six-hour 
AUC shows increased CsA concentration after GF administration 
at a dose of 1 gm/day (Table 2b, Figure 1), however it did not rank 
to statistical significance.

             Patients (No.=12)                

Age (Mean±SD)

    
    No.            ≤ 16 years
    No.            > 16 years

16.08±8.09  (year)
(range 8-32) 

7
5

Sex:
               Male : female 8 :4

Body weight (Mean±SD) 49.75±16.01 (kg)

Disease Duration (Mean±SD)
             

6.88±3.46 (year)
(range: o.8-12)

Original kidney disease

FSGS (8 cases)
Mesangial thickening (4 

cases)

Steroid dose (Mean±SD) 4.25±3.12 (mg/day)

CsA dose (Mean±SD) 1.96±0.83 (mg/kg)

No. of hypertensive patients 2

Table 1: Demographic criteria.
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CsA Level (ng/ml) Basal
“CsA only”

End of Phase 1
“CsA +GF 1 gm”

End of 1st 

Washout
End of Phase 2

“CsA +GF2 gm”
End of 2nd 
Washout

End of Phase 3
“CsA +GF3 gm”

Trough         (Co) 83.2±44.1 93.4±42.0 83.5±33.0 74.5±30.7 69.5±30.3 91.1±46.0

One Hour     (C1) 189.9±192.9 347.0±314.7

Two Hours   (C2) 285.4±140.9 372.0±233.1 419.6±189.0 332.9±129.0 386.6±214.8 379.6±229.0

Three Hours(C3) 285.4±188.1 278.3±150.1

Six Hours    (C6) 238.0±177.4 154.9±51.9

Table 2a: Cyclosporine blood levels.

   Basal
 “CsA only”

Phase 1
 “CsA +GF 1 gm” P value

AUC (mg/dl.hour) 1513.5±757 1645±818 0.300

Table 2b: Six-Hour Area Under the Curve (AUC).

Figure 1: Six-Hour AUC of Cyclosporine before and after grape fruit administration (1 gm/day).

Estimation of 2-hour AUC, revealed increased CsA blood concentration with GF administration at the 3 escalating doses (1,2 
and 3 gm/day), however no statistical significance was encountered (Table 2c). The percentage increase of the 2-hour AUC with GF 
administration was 25.1%, 10.1% and 26.6% with 1, 2 and 3 gm/day respectively. Table 3, shows stable serum creatinine, albumin, 24-
hour urine protein, liver enzymes, hemoglobin and platelets at all study periods with and without GF administration. Interestingly, serum 
cholesterol showed mild reductions with GF administration however it did not rank to statistical significance.
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      Basal 
“CsA only”

Phase 1
“CsA +GF 1 gm”

Phase 2
“CsA +GF 2 gm”

Phase 3
“CsA +GF 3 gm”

AUC (mg/dl.hour) 373.9±163.1 468.1±269.7¹ 412±134.3² 473.6±262.3³

¹:  P value compared to AUC “basal”=0.168 
²: P value compared to AUC “basal” =0.574
³: P value compared to AUC “basal”=0.237

Table 2c: Two-Hour Area Under the Curve (AUC).

Basal
“CsA only”

End of Phase 1
“CsA +GF1 gm”

End of 1st 
Washout End of Phase 2

“CsA +GF2 gm”
End of 2nd 
Washout

End of Phase 3
“CsA +GF3 gm”

Serum creatinine (mg/dl) 0.69±0.19 0.70±0.18 0.67±0.18 0.66±0.20 0.72±0.19 0.70±0.21

cholesterol (mg/dl) 186.2±41.0 177.3±40.1¹ 187.9±21.7 183.0±23.5² 186.5±29.9 173.1±17.8³

Serum albumin (gm/dl) 3.91±0.39 3.86±0.36 3.74±0.45 3.73±0.49 3.94±0.41 4.0±0.43

24-hour urinary protein 
(gm) 0.23±0.12 0.15±0.11 0.25±0.37 0.22±0.16 0.22±0.14 0.10±0.11

ALT (IU/L) 17.5±6.3 18.4±8.9 20.6±18.2 19.7±14.7 17.0±10.6 18.5±10.6

AST (IU/L) 24.6±4.5 24.5±6.0 28.5±18.5 22.5±4.6 24.4±3.6 24.4±3.5

Hemoglobin (gm/dl) 13.1±1.3 13.3±1.4 12.9±1.2 13.2±1.3 12.4±1.3 12.7±1.2

Platelets (*1000/Cmm) 343.2±107.5 354.0±90.1 327.1±70.4 333.3±88.7 317.8±96.3 341.5±101.6

¹:  P value compared to serum cholesterol “basal”=0.525
²: P value compared to serum cholesterol “basal” =0.098
³: P value compared to serum cholesterol “basal”=0. 248

Table 3: Laboratory Investigations.

Discussion
We have previously reported on long-term safety and cost-

saving effectiveness of ketoconazole co-administration with 
CsA among kidney transplant recipients [6]. Similarly, another 
group of our center reported on successful ketoconazole, CsA co-
administration among nephrotic syndrome patients [4].

However, certain limitations to ketoconazole administration 
such as chronic liver disease, pregnancy, hypersensitivity have 
favored the potential use of a natural alternative aiming at safe and 
effective CsA dose reduction.

The inhibitory effects of readily available commercial fruit 
juices on midazolam 1-hydroxylase activity, a marker of cytochrome 

P450, 3A4 subset (CYP3A), were evaluated in pooled human liver 
microsomes. The inhibitory potential of human CYP3A was in the 
order of: grapefruit > black mulberry > wild grape > pomegranate 
> black raspberry [7].

Brunner et al, have studied the benefits of co-administration 
of grapefruit juice with CsA in stable renal transplant patients. 
They found that this interaction was limited and variable, and 
recommended not to use grapefruit juice to increase CsA levels 
[8]. Other editorials and commentaries have agreed, describing the 
CsA-grapefruit juice interaction as unpredictable and hazardous 
[9]. The flavonoids (Naringin and Naringenin), the furanocoumarin 
and Bergapten (5-methoxypsoralen), were detected in some fresh 
grapefruit and commercial grapefruit juices. The contents of 
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these three grapefruit constituents in commercial juice and fresh 
grapefruit varied from brand to brand and also from lot to lot. 
Differences in the concentrations of these three constituents, which 
have potential for drug interaction, may contribute to the variability 
in pharmacokinetics of CYP3A4 drugs and some contradictory 
results of drug interaction studies with grapefruit juice [10]. 

In this study, we opted to standardize the administered dose of 
grapefruit by manufacturing lyophilized capsules (500mg/capsule) 
to be given concomitantly with CsA aiming at studying the changes 
in CsA pharmacokinetics among our stable INS patients.

We found that co-administration of CsA with grapefruit 
capsules resulted in increased CsA exposure although statistically 
insignificant. The percent rise of CsA exposure as measured by 
abbreviated AUC was in the range of 10-25%. However, we failed 
to demonstrate progressive rise of CsA AUC with escalating doses 
of grapefruit. CsA, grapefruit co-administration was found to be 
safe as evidenced by clinical and laboratory work up. Yet, long 
term follow-up is warranted.

From the literature it is still unclear which component is 
responsible for the observed grapefruit juice interaction in vivo, and 
whether it is one component alone which is responsible rather than 
a combination of the inhibitory effects of multiple components.

Five grapefruit juice components: Quercetin, Naringin, 
Naringenin, 6,7-dihydroxybergamottin (DHB) and Bergamottin 
(BEG) were screened as potential inhibitors of the metabolism of 
Saquinavir by human liver microsomes [11]. Both DHB and BEG 
were found to be potent in vitro inhibitors of the CYP3A4-mediated 
metabolism of Saquinavir. The data on inhibition by flavonoids 
is equivocal with 100 mm substrate Naringenin reported to cause 
marked inhibition [12] or no inhibition [13-14] of Nifedipine 
metabolism.

Further in vivo selective studies of the all active constituents 
of the grapefruit juice in combination with CsA are warranted to 
validate the pharmacokinetic interaction.
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