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Liver damage is the most common complication of anti-
tuberculosis drugs, but there is currently no standard
prevention for it. The main purpose of this study is to
determine the effectiveness of Ziziphus jujuba (Z. jujuba)
syrup on the prevention of liver enzyme disorder in TB
patients.

This study is a protocol for randomized controlled trial. 48
patients will be included in the study who will be randomly
assigned to one of the two groups of Z. jujuba syrup or
placebo syrup based on the block randomization. Liver
enzyme tests are measured at the beginning of the study,
as well as days 14 and 28 of the study, which will be the
primary outcome. The standard Visual Analog Scales
questionnaire will be completed on days 0, 14, and 28 to
assess cough, anorexia, and nausea in patients. The
standard SF-36 quality of life questionnaire will be
completed on days 0 and 28 of the study, which will be
evaluated as the secondary outcome of the study.

The hypothesis of the study is that the incidence rate of
liver enzyme disorder will be lower in patients treated with
Z. jujuba, compared to those who received the placebo.
Keywords: Tuberculosis, Ziziphus jujuba, Liver enzyme
disorder, Protocol study, Clinical trial
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Introduction

Pulmonary tuberculosis (TB) is an
infectious disease caused by
Mycobacterium TB (1). This disease is the
leading cause of death from a single
infectious agent disease and is ranked tenth
in the list of the global burden of disease
(2). Among the relatively noticeable side
effects of the medications of this disease,
liver injury is the most common and serious
complication (3), which has various
incidence rates in different parts of the
world (4-7). The incidence rate of this
disease in Iran has been reported to be 4.9-
27.7% in different regions, which is also
high (3, 8, 9).

Currently, our knowledge of the
mechanism of hepatotoxicity caused by
anti-tuberculosis medication is insufficient
(10). The liver, as the most important
metabolizer of anti-tuberculosis drugs,
plays a key role in cleansing the toxins of
such drugs. More than 50% of cases of
acute liver failure are due to drug-induced
liver intoxication, and this problem
accounts for about 10% of liver transplants
(11, 12).

Patients with tuberculosis who experience
symptomatic hepatitis (anorexia, dark
urine, nausea, and abdominal pain) or a 5-
6-fold increase in liver enzymes, even
without clinical symptoms, need to change
their treatment protocol and often stop all
medications. This can be costly for the
patient and society, and increase the risk of
transmission to others, drug resistance, and
even death of the patients (1, 13).

Given that in recent years the WHO has
emphasized the use of native plants in each
land, it can be very helpful to use traditional
Persian medicine resources to find an
effective medicine for this disorder (14).
Ziziphus jujuba (Z. jujuba) is one of the
medicinal plants that has been used in
ancient Iranian sources for the treatment of
liver diseases, as well as chronic coughs,
anorexia, and digestive problems (which
are complications of TB) (15). This plant
has many flavonoid and polyphenolic

compounds and antioxidant effects (16).
Various studies on the effects of Ziziphus
plant families have shown that they have
hepatoprotective effects and can reduce the
liver enzymes in mice exposed to toxins
and drugs, which appear to be due to the
above-mentioned antioxidant properties
(16, 17).

Based on the literature review in Persian
and English sources and databases, no
clinical trial has been conducted on this
issue, and the previous studies had been
performed on animals. The present study
aimed to investigate the effectiveness of
jujube syrup on the prevention of elevated
liver enzymes in TB patients and compare
the obtained results with those of the
placebo group in the form of phase IlI
clinical trial. The secondary goal is to
investigate the effectiveness of Ziziphus
Vulgaris syrup on the quality of life as well
as the amount of cough, anorexia, and
nausea in these patients using Visual analog
scales (VAS).

Materials and Methods

This protocol is reported according to the
guidelines of the Standard Protocol Items:
Recommendations for Interventional Trials
(SPIRIT2013) (18). The main purpose of
this study is to determine the effectiveness
of jujube syrup on the prevention of liver
enzyme disorder in TB patients. The
secondary goal is to investigate the
effectiveness of jujube syrup on the quality
of life as well as the amount of cough,
anorexia, and nausea in these patients using
VAS.

Participants

The inclusion criteria consisted of 1)
willingness to participate in the study, 2)
age range of 18-68 years, 3) recent
diagnosis of pulmonary TB by an infectious
disease specialist or a physician in the
health centers, 4) liver test results of less
than three times the maximum normal
range, 5) no history of liver and kidney
failure, and 6) no pregnancy and lactation.
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On the other hand, the patients who
discontinued the study or experienced
severe drug side effects in the course of the
study, and those who were misdiagnosed
with TB and consumed less than half of the
medicine for any reason were excluded
from the study. No clinical trial has been
performed on the hepatoprotective effect of
the liver and the previous studies were
conducted on animals. Therefore, a pilot
study with a sample size of 7 cases in each
group was performed and the mean and
standard deviation of both ALT and AST
variables were used to determine the
sample size. Finally, the maximum sample
was used for the conduction of the study.
By the application of these values in the
sample size formula for two independent
and parallel groups, the sample size of each
group was calculated at 24 subjects:

o= 0.05, p=0.20
(21-ay, + 21_5)*(SD1* + SD; %)
n=
(11 — 12)?
Study Design

The present study is a multicentral, double-
blind, randomized, controlled, and
superiority trial with parallel groups with an
allocation ratio of 1: 1. This exploratory
phase Il clinical trial was registered in
IRCT (registration code:
IRCT20181107041586N1) on 2019-08-10.
In general, 48 patients will be entered in this
study. The sample selection process will be
continued for 9 months to obtain enough
samples. The sample size will be divided
into two groups. Since Golestan is one of
the two provinces with the highest
incidence and prevalence rate of
tuberculosis in Iran, the patients will be
selected from five health centers in
Golestan province located in Gorgan,
Aliabad, Azadshahr, Ramian, and Gonbad
cities (19). Eligible patients who had
recently been diagnosed with pulmonary
tuberculosis will be identified based on the
TB register system. The study flowchart is
presented in Figure 1.

Randomization and Allocation

Concealment

Treatment allocation will happen when
participants meet the inclusion criteria and
fill out the informed written consent form.
Simultaneous sampling was not possible
due to the type of disease. Therefore, the
patients were divided into two groups of 24
(intervention and placebo) through the
block randomization method. Since the
number of cases in each group is equal
(allocation ratio of 1: 1) the best way is to
create block sizes of four. With the random
selection of the block, the number of each
patient and the type of intervention for them
is determined using closed envelopes. It
should be noted that all the medicines
prepared by the Faculty of Pharmacy were
numbered and coded using randomization
software.

Blinding

To make the study blind, after
randomization and allocation of individuals
to two groups, the medicines of the
intervention and placebo groups were
placed in a box and coded by a statistician
who is not involved in the trial process.
Therefore, patients, researchers, TB
experts, DOTSs agents, and laboratory staff
will not know which patient receives what
type of treatment. After finding each
eligible new patient, the statistician will
announce the code to the researcher and the
researcher will continue the project without
knowing the identity of the patient.
Moreover, Z. jujuba and placebo syrups are
similar in appearance (inside bottles with
matte glass and the same shape and size)
and concentration which will remain
unknown to the project managers and
participants until the end of the data
analysis (double-blind).

Interventions

In both groups, patients will receive their
routine anti-tuberculosis medications based
on the WHO directly observed therapy
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short-course (DOTS) Standard plan and the
National TB Guideline on a daily basis
under the direct supervision of primary
health workers or TB experts in the rural
health centers (21). These executives are
under the direct supervision of the person in
charge of TB patients in each city and at a
higher level the person in charge of TB

patients in the province. During the first
two months of treatment, the patients were
visited by the TB doctor of the city every
two weeks so that in case of a problem, they
were referred to an infectious disease
specialist.

Patients meeting the inclusion criteria for eligibility

v

Randomization

Exclude

1.1

Not meet inclusion criteria

i

First group will receive Ziziphus
vulgaris syrup.

N=24

l

Second group will receive placebo
syrup.

N=24

y
4-week treatment

A4
Evaluation

A4

Statistical analysis

Figure 1. The diagram showing the study implementation method and its steps.

The intervention method is shown in Figure
1. The eligible participants were equally
divided into the intervention and placebo
groups based on block randomization
(block size of four). Demographic

characteristics, including gender, age,
occupation, and pre-intervention variables,
were investigated by the researcher and
recorded in the demographic form.
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Eligible patients will first receive an oral
explanation of the purpose of the study, its
importance and benefits, the general
procedure, and the treatment duration. If
they are willing to participate, written
informed consent were obtained from them.
Afterward, the demographic characteristic
and medical history forms were completed
for the patients. During the 4-week
treatment period in both groups treated with
jujube syrup or placebo, daily consumption
of DOTS anti-tuberculosis  drugs
(according to the national guideline of TB)
was prescribed by primary health workers
or experts in the health centers (21).
Moreover, at the beginning and end of the
treatment, as well as the end of the second
week, blood samples for liver tests were
taken from the patients.

The standard SF-36 (Short Form Health
Survey Questionnaire) quality of life
questionnaire, the validity, and reliability of
which had been confirmed in Iran, were
completed with the help of the project
manager before the intervention and at the
end of the fourth week of the treatment (22).
The VAS were completed before the
intervention and at the end of weeks 2 and
4 of the study for all the patients. In addition
to being under the day-to-day care of the
medical staff, participants were evaluated
by the researcher on a weekly basis for the
incidence and severity of drug side effects
or any other problem.

The syrup (medicine and placebo) was
given to the cases in a dose of 5 ccs twice a
day (20 min after breakfast and dinner).
Jujube and placebo syrups are quite similar
regarding the appearance of the bottle
(shape, color, and size) and the
concentration of the drug, and will remain
unknown to the researchers and participants
until the end of the data analysis (double-
blind). In addition to the provision of oral
explanations to patients, they were
provided with all the necessary information
about the dosage, treatment duration, and
usage in written form. To homogenize all
the subjects and create similar behavior in
them, an instruction manual was prepared

in written form, and also the necessary
training was given to them. Furthermore,
they were recommended to contact the
researcher if they had any questions or
problems.

In case of liver enzymes elevation to five
times more than the normal level, or three
times more than the normal level with
clinical symptoms, such as nausea,
anorexia, right upper quadrant pain, and
jaundice, the patient were referred to an
infectious disease specialist, and they were
told to stop the medication for a few days to
lower the level of enzymes. Moreover, the
patients were told not to use the syrup until
the specialist allows them to start taking
anti-tuberculosis ~ drugs. The  syrup
container was inspected by a DOTs agent at
the end of the study. If the patient did not
consume at least half of the syrup, s/he were
excluded from the study. The assessments
which should be made at each visit are
shown in Table 2.

Standardization and Method of Preparation
of the Syrup

Jujube fruit with the scientific name of Z.
jujuba  Mill  (syn: Ziziphus Vulgaris
Lamarck) from the Rhamnaceae family is
ready for the preparation of the medicine
after it is washed and dried. First, based on
the concentration, 100 gr of dried Z. jujuba
without kernels (pulp) should be put in 500
ccs of distilled water and boil it on the flame
for 10 min. Afterward, it must be left to
cool, and thereafter the contents of the
container should be thoroughly mixed and
filtered using a  suitable filter.
Subsequently, its water must be evaporated
using the bain-marie method to obtain a dry
extract. In this way, 15 gr of dry extract is
obtained from 100 gr of dried Ziziphus
Vulgaris. The resulting extract is prepared
as a simple syrup USP with a sugar
concentration of 66.7%, which finally
results in a 10% syrup. To prepare the
placebo syrup, we use the simple syrup
USP method to prepare 66.7% syrup. The
necessary  microbiological tests and
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standardizations were performed by the
Faculty of Pharmacy of the University of
Medical Sciences. Moreover, the total

phenolic and flavonoid compounds of the
extract were determined there.

Table 2. The assessments which were made at each visit (Participant timeline).

Allocation Enrollment

Visit Visit 1 Visit 2

Time

Time point Day 0 Day 1

After 1 After 2 After 3 After 4
week weeks weeks weeks

Enrollment and
evaluation

Eligibility screen

Demographic

ALT, AST, ALP

Visual analog scales

| % k| %

Short Form Health
Survey Questionnaire

Randomization and *
allocation

Drug distribution *

Intervention <

Drug or placebo

The horizontal line indicates the length of time the participants have been surveyed.

Outcomes

Primary Outcomes: Before the intervention
and at the end of weeks 2 and 4 of the
procedure, blood samples were taken from
all participants for liver tests (ALT, AST,
and ALP). For this purpose, 2ml of blood
samples were taken from the patients in the
health centers of the mentioned cities. They
were sent to the health center of the
province located in Gorgan city using the
cold chain as soon as possible after the
separation of serum so that all samples can
be studied in the same laboratory with the
same Kits. The tests were performed by the
BS-480 (Minray) autoanalyzer
(manufactured by Pars Azmoun, Iran).
Secondary Outcomes: The standard SF-36
quality of life questionnaire was completed
by the researcher before the intervention
and at the end of the 4-week treatment. The
validity and reliability of this questionnaire
have been confirmed in Iran (22).
Moreover, the VAS for the three variables
of cough, anorexia, and nausea were
completed before the intervention and at the
end of weeks 2 and 4 of the study for all
patients.

Safety Assessment

No specific side effects have been caused
by Z. jujuba on the studied patients.
However, during the 4 weeks of the
treatment, patients were visited daily by
primary healthcare workers who were
DOTS agents. They were asked to inform
the researcher of any complications or
physical and mental problems (related and
unrelated) in the patients, within at most 24
hours. The researcher will also notify the
executor, sponsor, and ethics committee if
necessary. In addition, the researcher will
call the patients on a weekly basis to
become aware of their problems. Any
participant who obtains at least one of the
exclusion criteria at any stage of the
research were excluded from the study.

Quiality Control

To ensure the quality of this study, a proper
framework was considered before the
beginning of the trial. Moreover, weekly
monitoring was performed by the executor
through telephone, and daily face-to-face
monitoring will also be performed by the
primary health workers during the
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implementation of DOTS and any possible
problems or complications (related or
unrelated) were reported to the researcher.
Furthermore, the  completion  and
conformity of the forms and clinical trial
procedures were investigated, such as
medication compliance and withdrawal of
participants.

Ethical Considerations and Recruitment

This study was approved by the Ethics
Committee of Mazandaran University of
Medical Sciences on 2019.5.18 (ethics
code: ID IR.MAZUMS.REC.1398.5326)
and has the institutional review board
approval. Moreover, it has been approved
in IRCT (registration code:
IRCT20181107041586N1).

The following were observed in this
research:

- The 37 codes of ethics in research
(Helsinki Statement, 2013 edition) were
observed in this research (20).

- Participation in this study were voluntary
and the patients were informed that they
could leave the study at any time without
affecting the treatment process.

- Written informed consent was obtained
from all the patients without any coercion,
threats, bribery, or seduction.

- The patients were assured that their
personal information is kept confidential
and would not be included in the research
results.

- All the personal information of the
patients is stored on a computer that has a
password that is only available to the
researcher and no one else has access to it.
- Any revision of the study protocol was
reported to the ethics committee.

The Vice-Chancellor for Health Affairs of
the University of Medical Sciences was
informed the person who was in charge of
TB patients in the five selected cities
(Gorgan, Aliabad, Ramian, Azadshahr, and
Gonbad) about the research, invite them to
cooperate, and introduce the researcher to
them, in a letter. The person in charge of TB
patients in each city had the phone number
of the researcher to inform him about any

newly diagnosed and eligible TB patients.
In addition to correspondence with
colleagues at the health care centers and the
multicenter nature of the project, for the
better cooperation of the patients, the
transportation expenses of the patients were
paid by the researcher. The DOT executives
will also receive a sum for the daily follow-
up on the patients. According to the
predictions, the patient selection process
will continue for 9 months, or whenever the
sample size is completed. The present study
abides by ethics and data protection laws.
The collected data were kept confidential,
according to the ethical principles stated in
the declaration of Helsinki (20).

Data Collection and Management

All source documents, including informed
consent forms, questionnaires, and test
results, were collected in accordance with
standard operating procedures. In order to
improve the quality of the data, all forms
and questionnaires were completed by the
researcher, and all the participants’ tests
were transferred to the Central Laboratory
of the Health Center of the province
(Gorgan) where the final evaluations were
carried out by the same laboratory scientist
and kit. The experiments were evaluated by
the BS480 (Mindray) autoanalyzer
(manufactured by Pars Azmoun, Iran).

The standard SF-36 quality of life
questionnaire, which includes 36 items and
its validity and reliability have been
confirmed in Iran, were completed and
collected by the researcher. The VAS for
cough, anorexia, and nausea will also be
completed 3 times at two-week intervals.
To keep the participants in the study and
prevent attrition, the researcher will pay for
their  transportation  expenses. The
researcher guarantees that the
questionnaires and forms will remain
anonymous and that all the collected data
during the trial were kept confidential. The
final clinical trial data were available to all
authors. Moreover, the results were sent to
one of the selected journals for publication.
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Data Processing and Statistical Analysis

The results of quantitative traits were
described by calculating the mean and
standard deviation while the results of
qualitative traits were described using
relative frequency tables and graphs. The
normality of the distribution of quantitative
traits in the two groups were examined
using the Shapiro-Wilk test. If the
normality of the data is confirmed, the
homogeneity of the variance-covariance
matrix was examined using Mauchly’s Test
of Sphericity.

After the approval of Mauchly’s Test of
Sphericity, the repeated measures ANOVA
were used to evaluate the effect of the drug,
the effect of the time, and the mutual effects
of the drug and time. Otherwise, epsilon
methods were used, such as Greenhouse-
Geisser. If the normality of the data is not
confirmed, equivalent nonparametric tests
were used. Moreover, if the values of the
studied traits are not homogenized before
the intervention, repeated measures of
ANCOVA analysis were employed. The
intention-to-treat method will also be used
if necessary and if treatment is not
followed. The collected data were analyzed
in SPSS (version 18) and R software. A p-
value <0.05 was considered statistically
significant.

Discussion

Hepatotoxicity is the most serious and
common complication in TB patients which
is caused by anti-tuberculosis drugs.
Currently, there is no cure for it and if the
patient becomes ill, the medication is
stopped or changed, each of which has its
own problems.

Given this situation, the best measure that
can be considered is the use of medicinal
plants which have been used for several
thousand years to  prevent this
complication. A medicine that is consumed
during the first few weeks of taking anti-TB
drugs, when the risk of liver toxicity is
increased and, can protect the liver and

prevent liver damage will have a positive
effect on the treatment of these patients.

In recent years, similar studies have been
conducted on other plants. In this regard, a
study was conducted on the effects of garlic
tablets and ginger capsules on liver toxicity
in TB patients which did not reveal a
significant difference between the two
groups (23, 24).

According to the review of related
literature, the present study is the first
clinical trial to investigate the effect of Z.
jujuba on the prevention of elevated liver
enzymes caused by anti-tuberculosis drugs.
However, this study had previously been
performed on animals (16, 17). One study
conducted by Ebrahimi et al, was
performed to determine the effect of
Ziziphus Vulgaris extracts on mices liver.
They showed that Ziziphus Vulgaris fruit
extract has shielding effects against toxins
on liver cells (25). Another study by Amin
et al was performed to examine the effects
of the water extract of one type of Zizyphus
on carbon tetrachloride (CCl4)-induced
hepatic fibrosis, which showed ZZizyphus
Spina-Christi  significantly impede the
progression of hepatic fibrosis (26).

It is hoped that the present study will lead
to the development of a drug that can
prevent liver toxicity in TB patients, and
thereby take a significant step towards
helping to treat these patients and
minimizing the side effects of their
treatment.

The strength of this study is its rigorous
design, which is a randomized, double-
blind, multi-central, parallel-group,
placebo-controlled,  superiority,  and
exploratory clinical trial. In addition, for the
entire protocol, the spirit 2013 checklist has
been completed and were attached.
Moreover, it seems that the form of the
drug, which is syrup, will have a positive
effect on its reception by the patients,
considering that all TB drugs are in the
form of tablets and capsules.

This study will reveal whether jujube syrup
has the ability to prevent elevated liver
enzymes while taking anti-tuberculosis
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drugs, and more importantly, whether it can
prevent drug-induced hepatotoxicity (DIH)
and its widespread side effects. These
questions were answered after the study is
finished.

Conclusion

The hypothesis of the study is that the incidence
rate of liver enzyme disorder is lower in
patients treated with jujube syrup, compared to
those who received the placebo.

Trial Status

This study is the first version of the
protocol. Sampling began on November 9,
2019, and is expected to end on May 20,
2020. Only 18 patients were studied at the
time of the submission of the article.
Therefore, the sampling was not completed
yet.
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