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Abstract

Background Diabetes is a leading health disorder and is responsible for high mortality rates across the globe. Multi-
ple treatment protocols are being applied to overcome this morbidity and mortality including plant-based traditional
medicines. This study was designed to investigate the ethnomedicinal status of plant species used to treat diabetes
in District Karak, Pakistan.

Materials and methods A semi-structured survey was created to collect data about traditionally used medicinal
plants for diabetes and other ailments. The convenience sampling method was applied for the selection of inform-
ants. The collected data was evaluated through quantitative tools like frequency of citation (FC), relative frequency
of citation (RFC), informant consensus factor (FIC), fidelity level (FL), and use value (UV).

Results A total of 346 local informants were selected for this research. Out of them, 135 participants were men

and 211 participants were women. Overall 38 plant species belonging to 29 plant families were used to treat diabetes.
The most dominant plant family was Oleaceae having 11 species. Powder form (19%) was the most recommended
mode of preparation for plant-based ethnomedicines. Leaves (68%) were the most frequently used parts followed

by fruit (47%). The highest RFC was recorded for Apteranthes tuberculata (0.147). The maximum FL was reported

for Apteranthes tuberculata (94.4) and Zygophyllum indicum (94.11) for diabetes, skin, and wounds. Similarly, the high-
est UV of (1) each was found for Brassica rapa, Melia azedarach, and Calotropis procera. Based on documented data,

the reported ailments were grouped into 7 categories. The ICF values range between 0.89 (diabetes) to 0.33 (Cardio-
vascular disorders).

Conclusion The study includes a variety of antidiabetic medicinal plants, which are used by the locals in various
herbal preparations. The species Apteranthes tuberculata has been reported to be the most frequently used medici-
nal plant against diabetes. Therefore, it is recommended that such plants be further investigated in-vitro and in-vivo
to determine their anti-diabetic effects.
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Background

Plants are the essential components of the planet Earth
and are considered an excellent source of medicine. They
are utilized in the treatment or prevention of a wide vari-
ety of diseases like diabetes, cancer, and cardiovascular
problems [1]. Globally, diabetes mellitus is considered
one of the leading causes of death as well as a top health
condition [2]. A common metabolic disorder, diabetes
mellitus occurs when there is insufficient supply of insu-
lin (Type I) or when the body is resistant to insulin (Type
II) [3]. Type II diabetes is also characterized by two sig-
nificant conditions resulting from defective insulin secre-
tion or reduced insulin sensitivity (insulin resistance)
[4]. A report presented by the World Health Organiza-
tion indicates that the diabetic population is possible to
increase up to 300 million or more in 2025 [5]. Approxi-
mately 536.6 million people worldwide suffer from dia-
betes (diagnosed or undiagnosed) in 2021 according to
the International Diabetes Federation and by 2045, this
number will grow by 46% to 783.2 million [6]. There are
several methods of treating diabetes including insulin,
allopathic homeopathic, and traditional herbal medicines
(7, 8].

According to International Diabetes Federation an
estimated 26.7% of Pakistani adults affected by diabetes
in 2022, and the number may reach 33 million approxi-
mately [9]. If awareness programs and proper treatment
are not adopted, Pakistan may have double the number of
diabetic patients by 2040 [10] and it is expected to reach
37.1 million by 2045 [11]. Additionally, diabetes was
found to be more prevalent in urban areas (15.1%) than
in rural areas (1.6%) [12]. A study reported that in rural
areas, women'’s tolerance for glucose is 10.9% and men’s is
6.9%, but in urban areas, it is 14.2% and women’s is 6.3%
[13].

The rural population of Pakistan relies significantly
on their conventional herbal system for diabetic prob-
lems because the cost of allopathic prescription treat-
ment for diabetes is too high [14]. According to research
by the WHO, 855 traditional medicines use crude plant
extracts, and more than 86% of people in underdeveloped
countries depend on traditional remedies like herbs for
their everyday requirements [15]. Plants with antidiabetic
properties are commonly used in folk medicines. In ethn-
obotanical studies, around 800 plants are thought to have
anti-diabetic effects [16]. In addition to these 800 plants,
Momordica charantia, Pterocarpus marsupium, and
Trigonella foenum-graecum have been reported to ben-
efit type 2 diabetes patients [17]. Laboratory experiments
have shown that around 343 plants have been tested for
blood glucose [18]. The control of glucose metabolism is
greatly influenced by natural plant products with a vari-
ety of distinct chemical components, such as phenolic
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compounds, flavonoids, terpenoids, alkaloids, glycosides,
and coumarins [19]. Multiple herbs have exposed anti-
diabetic activity when reviewed using streptozotocin-
induced diabetic rats [20]. Natural substances known as
antioxidants help diabetes patients by scavenging differ-
ent types of free radicals and decreasing the harm carried
on by oxidative stress [21].

District Karak has diverse environmental conditions
with unique flora. The people who live in this region are
well-versed in the uses of plants. It not only reflects the
unique identity of a community but also provides acces-
sible and affordable healthcare solutions, particularly in
areas where modern medical resources are scarce. As
traditional healers often maintain close ties with their
communities, they provide a holistic approach to health,
focusing on not only physical but also mental and spir-
itual well-being. Their expertise, grounded in local
knowledge of plants, herbs, and environmental factors,
contributes to the diagnosis and treatment of ailments
specific to the region. Local inhabitants use different
plants for the treatment of different diseases like diabe-
tes, cardiovascular, gastrointestinal, skin, and rheumatoid
traditionally [22].

Studies on ethnobotany focus on the complex inter-
actions between native people and plants, including
traditions and cultural beliefs related to different appli-
cations. This research supports the collection of essen-
tial ethnobotanical data from indigenous people, such as
herbalists, to conserve traditional knowledge of disease
diagnosis and plant species utilized in folk medicine. In
addition, their methods of planning and management,
as well as the indigenous people’s sociocultural herit-
age for future generations. The present research work is
designed to summarize data about ethnobotanical data of
plant species used against diabetes. This study aimed to
have a long-term date of plants used traditionally by local
inhabitants of southern regions of KPK, Pakistan. The
area was selected based on rich sources of medicinal wild
local plants, traditional uses of medicines by local people,
and easily accessible areas.

Materials and methods

Study area

The current survey was carried out in District Karak,
Pakistan (Fig. 1). The district Karak is situated in the
south of KPK between latitudes 70-40° and 71-30°N and
longitudes 32-48° and 33-23°E It includes both rural and
urban areas with a total size of 600 Km?[23]. Small moun-
tains make up the geography of the Karak district, and
these mountains generally move from east to west. The
climate during summer is hot with temperatures ranging
from 40-45 °C. Sand storms are common in Tehsil Takht-
e-Nasrati. Most areas in the district are arid. The area is
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Fig. 1 Geographical location of the study area. Indicating three Tehsils (Takht-e-Nasrati, Karak, and Banda Daud Shah) where the study

was conducted in District Karak, Khyber Pakhtunkhwa province, Pakistan

rich in flora. Mostly it comprises xerophytes. Common
species of the area are Acacia nilotica, Acacia arabica,
Calotropis procera, Peganum harmala, and Citrullus col-
ocynthis. Cultivated includes Wheat, Sorghum, Peanut,
and Gram. The district is home to a variety of fauna like
quail, crane, black and brown. It’s a popular place to hunt
quails and fowl (Batair). In Karak, many natural resources
have been found. The salt mines were an important
source of salt for the Indo-Pak subcontinent through-
out the British period and were well-known in antiquity.
Uranium, gas, and oil were found more recently. Makori,
Noshpa Banda, and Gurguri are the three towns where
oil and gas deposits have been discovered. Being rich
in wild herbs, people have sufficient knowledge about
medicinal plants and their use against different ailments.

Data collection and field survey

Data on ethnomedicines was collected from Septem-
ber 2021 to February 2022. The data was collected in
the Pashtu (native language) and then translated into
English through a semi-structured questionnaire. The
first section of the questionnaire includes the demo-
graphics of the informants, age, gender, and educa-
tional status. While remaining part of the questionnaire
consists of knowledge of medicinal plants to treat dia-
betes and other ailments. Mainly concentrating on the
native name of the medicinal plant, other additional
ingredients, remedy preparation, which part of the

plant is used, and the mode of administration and dos-
age information for children and adults. A conveni-
ence sampling method was used to collect information
regarding medicinal plants used against diabetes tradi-
tionally. Participants in the study were acknowledged
as well informed about local medicinal plants and had
long-standing interactions with the local flora and eco-
system. Our survey’s primary respondents, rather than
conventional healers or professionals, were common
people with local plant knowledge who learned it orally
from their elders [24].

Code of Ethics of the International Society of Ethno-
biology (ISE) was strictly followed while conducting the
survey [25]. Before each interview, each participant ver-
bally agreed. A description of the study’s purpose and
the subject matter was given to each participant. The
convenience sampling method was applied to select the
interviewers using the Cochran formula (1977) for sam-
ple size. n°=z2:p- (1-p) e2. After calculation from the
Cochran formula, a total of 790 primary participants
were visited to know about their knowledge about the
traditional usage of medicinal plants. Out of these, 346
respondents were considered for their knowledge related
to the plants against diabetes.

In the first instance, local people medically diagnosed
with diabetes were identified and designated as partici-
pants for this study. They were questioned about the plants,
which are traditionally used against diabetes along with
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other ailments. This study primarily focused on medicinal
plants used to cure diabetes.

Collection, identification, and preservation of medicinal
plants

Plant species collected from the study area were identified
by Dr.Ghazala Nawaz, Assistant Professor, Department
of Botany, Kohat University of Science and Technology,
Kohat, voucher numbers and deposition numbers were
given e.g. BOT-KHS-90/2023-001 (BOT-KHS-90 repre-
sents voucher number(s) while 2023-001 is the deposition
number). The specimens were then submitted to the Her-
barium at the Department of Botany, Kohat University of
Science and Technology, Pakistan. For specimen valida-
tion, the www.floraonline.org/taxon/wfo-0001020013 was
accessed.

Data quality assurance

Each primary participant was contacted at least three times
to confirm the information they had provided for data con-
firmation. Only validated and related information was sub-
ject to further analytical processes. Moreover, the authors
were skilled in collecting medicinal plants from the area as
well as gathering remedy formulation-related information,
their uses, pointing out missing information, and replica-
tion material to maintain data quality.

Ethnobotanical indices

Frequency of citation (FC), relative frequency of citation
(RFC), Species Use Value (UV), Fidelity level (FL), and
Informant consensus factor (ICF), were among the quanti-
tative indices used to analyze the ethnobotanical data.

Frequency of citation (FC)

FC is the number of primary participants who described
using each monoherbal recipe for ethnomedicinal pur-
poses [26].

Relative frequency of citation (RFC)

Relative frequency of citation (RFC) indicates the impor-
tance of each species locally within a study region [27]. N
is the total number of informants in the survey, and FC
is the number of primary participants who cited a help-
ful species. Using the previously discussed formula, RFC
is determined. When the RFC value is 0, it indicates that
fewer primary participants have found that monoherbal
formulation to be helpful, and when the RFC value is 1, it
indicates that more survey primary participants have found
that monoherbal formulation to be helpful (Table 2) [28].

RFC=FC/N(O <RFC < 1)

Page 4 of 21

Use Value (UV)
Plant utilization standards are possessed and followed
[29].

Used value = quantity of utilization/N

The N represents the total number of primary par-
ticipants while U represents the amount of utilization
average collected from each source for known species
of plant and the Use value conveys the quantifiable sum
of qualified purpose of species of plant.

Fidelity level (FL%)

Fidelity level is the ratio between the number of pri-
mary participants who independently mention one
use of a plant species and the total number of primary
participants who initially mention all uses of that plant
species proposed by [30]. It is calculated as follows: Np
is the number of primary participants who reported
the usage of a species; N is the total number of primary
participants who mentioned all the uses of that species;
and N is multiplied by 100. When a plant species has
a high FL for particular uses, the local population pre-
fers that species for that use. The species with high FL
authenticates its uniqueness to treat a disease [31].

Np

Np =number of primary participants citing the use of
the plant species for the treatment of a disease

N = total number of primary participants citing the
species for disease.

Informant consensus factor (ICF)

To estimate the usage variability of medicinal plants by
local informants, ICF was used [32]. It is a consensus
between local primary participants for the treatment of
a disease or disease category. ICF was calculated by fol-
lowing the formula;

Nur — Nt

ICF = ——
Nur — 1

N, = total number of use citations for each disease
category

N, = total number of species listed in that category

The value of ICF ranges from 0 to 1. A higher value
means there are well-defined criteria for medicine in
the areas for a specific disease. A low value indicates
that plants are not preferred and there is no exchange
of information about their use [33].
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Literature review

To find published data on the pharmacology and phyto-
chemistry of anti-diabetic plants, online sources such as
Google, Pub Med, Google Scholar, Web of Science, and
Flora of Pakistan were utilized. Our Study examined
245 English-language research articles and 138 were
then, selected and reviewed based on their pharmaco-
logical and phytochemical content. Out of these 138,
a total of 66 were included in the review table (Fig. 2).
Articles containing irrelevant data not related to our
study were dropped. Various keywords, such as the in-
vivo and in-vitro actions of anti-diabetic plants and the
activity of secondary metabolites against diabetes were
used to search the published literature. Using Tropicos,
Plant List, www.flora.org, and the Flora of Pakistan, the
accepted family names, recognized plant names, and syn-
onyms were corrected (Table 3).

Results

Demographic characteristics of informants

A total of 346 respondents (211 male and 135 female)
participated in collecting traditional information about
the use of monoherbal medicines. They were divided
into different modules based on their age, education, and
occupation. Most of the primary participants (78%) were
aged >50 years. Due to having more information about
traditional medicinal plants, and recipes used against
different diseases as well, males were more involved in
commercial activities as compared to females. In males,

|

Fig. 2 Flow chart showing the main stages of the review process

)
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most of the primary participants were shopkeepers while
among females mostly they were housewives. The major-
ity of them completed secondary school education, while
the second largest number was illiterate (Fig. 3).

Quantitative data analysis

Usevalue

The UV of the recorded medicinal plants varied from 1 to
0.03. Species having the highest use value were recorded
for Brassica rapa, Melia azedarach and Calotropis pro-
cera (1], Trigonella foenum-graecum (0.66), Carica
papaya (0.33), Abelmoschus esculentus and Aloe vera
(0.23). The high used value indicates that these species
are highly suggested and well-known by the interview-
ers, indicating the significance of the species. The plants
with less UV are Apteranthes tuberculata and Zygophyl-
lum indicum (0.03). This least UV specifies that the spe-
cies have low or few medicinal uses known to the local
informants (Table 2).

Relative frequency of citation

Apteranthes tuberculata was found to have the highest
RFC (0.147), followed by Momordica charantia (0.11),
Zygophyllum indicum (0.092), and Withania coagulans
(0.078) (Table 1). The least RFC was observed for Bras-
sica rapa, Capsicum baccatum, Tamarix aphylla, and
Calotropis procera, respectively (Table 2).
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Table 1 ICF of categories of diseases
S.No Disease Categories Number Number of FIC
of species  use Report
(Nt) (Nur)
1 Diabetes 38 346 0.89275
2 Sexual 8 40 0.88136
3 Skin 27 195 0.86598
4 Teeth 12 48 0.85714
5 Wounds 15 78 0.81818
6 Respiratory 12 61 0.81667
7 Cardiovascular disorders 15 22 0.33333
Total 790
Fidelity level (FL %)

FL indicates the primary participants’ choice of a poten-
tial plant species to treat a given disease. Fidelity levels
ranged from 3.70 % to 94.44 % in the present study. Maxi-
mum value of FL (94.44%) was recorded for Apteranthes
tuberculata, Zygophyllum indicum (94.11), Citrullus colo-
cynthis (88.88), and Abelmoschus esculentus (83.3) for
treating diabetes, skin and wounds. However, Ligustrum
vulgare (3.70), Momordica charantia (4.76), and Olea
europaea (5.55) had the lowest FL values (Table 2).

Informant consensus factor (FIC)

For calculating informant consensus factor (FIC) to vari-
ous ailment categories 346 use reports were observed for
diabetes followed by Skin disorders (195 use reports),
wounds (78 use reports), teeth (48 use reports), sexual
disorders (40 use reports) and cardiovascular disor-
ders [22] (Table 1). During the present study, it has been
noted that diabetes has high Fic value (0.89) followed by
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dermatological disorders (0.86 each). The lowest value
was observed for cardiovascular disorders (0.33).

Diversity of medicinal plant species recorded and their
taxonomy

A total of 38 plant species from 29 families were identi-
fied, and local people frequently utilized these to cure
diabetes. Most plant species that have been identified
are members of the Oleaceae family. The remaining
plant species have been divided into the following fami-
lies: Cucurbitaceae, Solanaceae, and Asteraceae (Fig. 4).
Medicinal plant species that have been most frequently
cited were Apteranthes tuberculata, Momordica char-

antia, Zygophyllum indicum and Withania coagulans
(Table 2).

Plant parts used

The primary participants in the area mainly utilized
leaves, stems, bark, and roots of plants for the manufac-
ture of herbal treatments. The most common medicinal
part among the plant parts that have been reported is
the leaf, which is followed by the stem, bark, whole plant,
seeds, and fruits, in that order (Fig. 5).

Habit forms

The majority of the medicinal plant species in the study
area have been from woody plant species, specifically
trees (17 species). They made up as much as 44% of all
plant forms. Herbs with (13 species) comprise the second
highest followed by shrubs (6 species), climbers, and run-
ners each with 1 species respectively (Fig. 6).



Page 7 of 21

(2024) 24:173

Nazar et al. BMC Complementary Medicine and Therapies

1spmod seadesedde) '100-£202/0€-SHY
e S0 9000 ¢ 15ep{ealq 910j9q uoodseal auQ auy axew 03 puub uayi pue A1g wais 1 /eduey| -10g 'Mabp3 bnpiap stipddop) i
501 2000 ¢ Kep e 2ouQ U183 ale 1Ny Jo sadald ¢ N4
'SISM| G O) PadNPaI S| I91eM SY1 pue
'DIA|OSSIP 2B S9ABI| 31 21y B UO
1sepealq a10y9q bur  ua1em sy bumnd sy 191em JO SIal| Sesedle)
L0€  €6€0 TIO0 t -wowayrurawn | usaibsidnoe ey || ulsanea| eAeded ediied Jo By 7 Ind Jea] 1/eAeded  ‘100-£202/S6-SHY-LOg 1 bAbdpd poUD) ol
seadepeldadsy ‘| 00-£202/8C-SH
STl | €000 | 15eJ3{E21q 210J2q ABp B 9DUQ U21e3 3B SIIMOY G- Jamol4 S /Anwieds  -10g ‘puekiq (UOWY) pia20.d sidoiiojp) 6
pue Buiuiow ay3 ul 9B3DRINeT 'L 00-EC0T/¥6-SHM
/5 S70 TI00 ¥ £3) YIM UAID S| uoodseal auQ Jspmod auy ojul punolo syueg 1 /lusayd teQ -10g aWn|g 203uls wnwowpuu;) 3
9B92BUR(OS | 00-£20C/€6-SHM
05 | €000 | Aep e 22UQ ULIOf 9PNID Ul USRS 38 )N 4-€ N4 S /YN -10g " wnip330q Windjsdp>) /
SIABI| Y3} SA|OSSIP 01 24y UO 1
isepealq 21052q  Ind pue uslem JO SIRM| 4, | 03 SARD)| JO 2e32exXNg '100-£202/26-SHY
0S 570 7100 + Bujuiow AjJea ayi uj ssejb auQ By | ppe 21| | 01 131eM 2dNpai O] Jea S /peysweys -10g ‘|lleg bubjydijjpm snxng 9
2eadedIsselg
gl L €000 L Aep e 2duQ UlI0j pejes uj usiey 100y H /UoosIeS  ‘L00-€20¢/L6-SHY-1Og 1 vdbi vdIsspig S
‘Yloppauy e L@DO\_F_M
Bujureis 121y 1Yybiu ay1 Joj 2Ae3| pue
‘1I91em Jo sse|b | ol wayl ind
ava 7100 S 1sepjeaiq alojq dnoejeq  ‘punoib edIpul Y JO SaARS| G -0 el
pioe oun
paseadul sasned A|snonupuod bupe| S9ARD| PUNOID Y1 WOl 282RI1DA L 00-£207/97-SHY
GC €E€€€0 €000 L 1sepjealq 21049 dnd e yey 32INn[ xjeul pue sanea| Ayl pulo 4891 1 /WesN 104 'SsN('Y baipul b1yoDIPLZY ¥
191eM YULIP pUe 1INJ} 3Y3
2A0WaI Butuiow Ape3 1ybiu ay1 1oy
SAR3| puUB J31eM Jo sse|b | uind ‘s 2eadBARI | 00-E£207/07-SHY
ce8 70 +¥100 S 1seyeaiq 21042q BujuIoW AlJBJ  -U3JN3sa SNYISOW|aqY JO SHNIY G- 9xe| N4 S/Ipulg 109 YDUSOW SNIUSINISa SNYISOUIjaqy ¢
oy
ceee 2000 ¢ Buiuans ay3 210490 U0 e SpNID Ul Pasn sI piaA a0jp Jo |96 ay |
WLIof 9pnud Ul
/1 2000 ¢ Jauulp Jaye suoodsajgel z-|  Asuoy pue |96 eidA 30|y JO INIXIW VY ae330[2p0YdsY '100-€207/L-SH
¢ €70 9700 6 1sepjeaiq a10j2q Aep e 92UQ ua1ea ale |9b Jo sadald {-¢ Jea H /Aobiez -10g }wing () biaA a0)y 4
(sAep gi 40y @nURUOD
|im adpasyaydud Aepd ul aem Jo
ceee €000 | Aep e 221M1 J21em Jo dnd auQ sasse|b Ul payeos 1ue|d sweib G/¢
J91eMm jo dnd | Ul 2e3DRIAISY 'L 00-E£20Z/06-SHM
0z | €000 | 15eJ){E1q 210427 W | 4e| pajiog a.le sapmod Jo suoodsa|gel ¢ Jea H /eieAyseiy -10g 7 SU3I530G4D DIS|UIdLY |
Aue j1 1d1x0) Ajlwe4 pue 4aquinu uonisodap
14 AN D44 D4 pue ‘uoizesnp Juawieas ‘abesoq uonejnwiojadddy  pasniied MHJeH/SWEN [BD0]  /IdWINU 3YdNOA ‘Dwep |edluejog opN sadiday

sa12qelp bulnd 10} Pasn seale Paldaas JO SiUeld T dlqel



Page 8 of 21

(2024) 24:173

Nazar et al. BMC Complementary Medicine and Therapies

N6 3331| & YuM [eawl

Jspmod auy ol

187 9200 6 e 910J2q oW} 0M) uoodses) e jjeH punolb Uay) pue pap apeys sanea]
Aep e 9duU0 Japmod 2e32eDBULIOIN | 00-£20Z/ L0 L-SH
/96 S0 6000 € 231 Y1M UAID SI uoodsa|gel suQ 2uy e a3ew 0} puub uayl pue A1g Jea 1 /ebuiopy -10g "We niajiajo bbuLoyy 1z
9e3283|0 'L00-£202/00L-SHM
0/€ | €000 | Aep e 92UQ pEe|es e se Ud1ea 318 SaAR3)| G-1 JEE| S /Inwy -10g "7 2/0bjnA wniisnbry 0¢
9B3DeURAISA 'L 00-E£207/66-SHM
999]| | €000 | Aep e 92UQ pe|es se Ua1ea ale syni4 N4 H /ejewe) -10g ] bibWDd LUDIUDT 6l
Japmod 9BIDRIBISY 'L 00-EC0T/86-SHM
oL | €000 | 1sep{ealq a1oj2q uoodsesy | auy axew 03 puub uayi pue A1g Jea H /eystie| -10g } MOOH () Sijnb2ipnu bapuno] 81
djnsded e u 983280 ‘L 00-€C0T/L6-SHM
999 | €000 | [BSW B 21042q Aep B 32IM]  pa3yded pue Jspmod auy e ojul punolo uleln H /eyseqio -10g ] 24pbinA winapioH /1
2e3DRIONN
9€'9¢ GO0 CIL00 ¥ Aep e 2duQ usIed ate Ini4 AIp 8-/ N4 1/1ezy '100-€20C/CS-SHY-1Og 1 2L sndi4 ol
Y102 auy e ybnoiyy
paulel)s bulaq a10jaq sinoy 7| 10} 43|
Uy} aJe saAed| ay] "pappe S| wueld
2U11US Y31 Jo B | U91em Jo 31| | U]
“410J> auy e ybnoIY) paulells Jayje pue oeade||AydobAz
15e{E21q 21042q 'SIY 7| 1O S9ARD)| 4D1eM |- | Ul "100-£202/05-SHM-1Og PuAg 13 "yus
LI'¥6 CLE0D 6200 €€ Buiuiow Ajes oy urdno e ey pappe stiueid sjoym ay1jo By | Jueld sjouym H/ezbeleds  -suyd (ywung) wnoipus wnjjAydobAz Sl
wajgosd
YorWOIS Sasned Ajeinbal buye] 1se}
-{ealq 210439 Isn( ‘Butulow ay3 Ul buiyy
151y Uoodsa|gel | 1sepiealq 31042q Jspmod 2892850y ' | 00-£207/96-SHY
4l | €000 I Pujuiow ay3 ul AlJes uoodsajgel | 3¥ew 01 papulb uayl pue paug Jleey 1483407 -10g|Pur] (qunyl) bauodof bAinoqon3 Pl
ceee €000 | pag 01 bulob a10j9g W0} 9pnid 1jes e yum sadaid -¢
wio} oeadeukdody ‘100-£20¢/1 L SH
¥¥6 0610 /¥L0 IS Kep e 2duQ SpNJD Ul US1ed aJe Wa)s JO sadald G- wais H/leuewed  “[SOY (UGTN) pI0jN2IGNI SaYIUDIRIAY €l
“Y10]2 auy e ybnoiyy paulens uay|
[8TY 6000 € 1seeaiq 21043q sselb | ‘J91em Jo sse|b | ul papua|q s 1.4
Kep e
ceee 2000 ¢ 9DIM] |BaW Yoea Ja)ye uoodseal auQ P3SN sI 1INJ} 343 JO dIN 1N
0£'9¢ €700 8  DBuiuwiow Aues ayy Ui isepiealq a10j9g ULIOf SPNID Ul USRS 3Je SPass
‘uoodsajgel e jey 9B92BUQINOND 'L 00-£C0C/S-SHM
8888 1900 €200 8 el ’Buiuiows ay) ulisepeaiq 210459 papuub pue pauq pa9S g /eunyueyy -109 "PeIYDS (1) sIy3uA0[0D snjiniid Cl
Aue j1 f11d1x0) Ajlwe4 pue 4aquinu uonisodap
14 AN D44 D4 pue ‘uoneinp juawiean ‘abesoq uonejnwioyadday  pasnilied }HQeH/SWEeN [ED0]  /IdQWINU JBYDNOA ‘Dwe| |ediuejog ON sadpday

(panunuod) g ajqey



Page 9 of 21

(2024) 24:173

Nazar et al. BMC Complementary Medicine and Therapies

9B30R1OR) 1 00-€¢0C/E0L-SHM

961 70 ¥100 S Aep e 22UQ UIIOJ 3pNJD Ul U331 Je SHNI4 G- 1nJ4 S /wooyez -10g62ds byiupapuD PRUNAD Vad
SI9M1| G 01 SWN|OA Y3} 95NPaJ “ieq
P3AJOSSIP pUB Ja1em a3 buljioqg Ag
606 €000 | 15e{eaIq 910490 SUOOS 7 “191eM JO SIRM| G| Ul PaJIog S yieq By § sieg
131eM JO Sse|b Enllalt
(e €000 | 3UO Ul 92IN[ Jo suoods ¢-g BuluIon el 01 J21BM YIIM S2AR3| 31 pULID) Jea]
PO€l 6000 € Aep e 92UQ W10 Ysalj Ul paMayDd Je S| g-/ Jea
SlIw o ssejb auo u
08¢t ¥100 § Bujuiow Ajles axe| P3XIUW 24e |10 9AI|O JO SUOOS OM | 10 1IN ea0e3|0
SO'lZ /5S¢0 Clo0 v isepjeaiq 21043q UsIed d1e Uiy G4 1YBIu B J0j JS1eM U B3|Q JO SHNI A0S N4 L/uooNez  “100-£¢0¢/S9-SHY-LOF 1 vapdoina pa|O 9
[P DY} Jo3e SaWl}
999 9000 ¢ 7 J21em Jo uoodseay e jjeH Japmod auy oul pulo
1YBIUIDAO 9ARS| pUE J21eM JO 2edRINdUNURY
GGS 9990 €000 | Buiuiow ay1 Ui Ajses 11 oxe] ssejb | ul wayl ind ‘spass uoods 7 e po9s H /fuoley  'L00-£20T/29-SHN-LO 1 bAIDS DjjRbIN 74
13| SI J91eM Jo
dnd auo |un 3esH Us3em jo sdnd 2eadeIpIedRUY ‘| 00-£207/20 L-SHY
99’1 70 ¥100 S sepiealq 210joq dndauQ 01Ul Wyl Ind pue SIARS| dWIOS el Jea] 1 /wey -109 1 paIpul bidjibubyy T
191eM JO SSe|b | Ul pajioq 9B3RIBIA L 00-£20C/8-SHM
LULL | €000 | 1sep{ealq 10§97 ‘BUIUIOW AIDAT 2B S9ARS| JO Jaquunu d1ewxoldde uy Jea] | /eluejeg -10g 1 Yopippazp pijay €T
1eaquiesy Yo
paseaIdul SasNeDd 11 ‘A|sSnonuiuod usyel auy e ybnoiyy paulens buiag Jaye
9y €000 | 4|'Aep e sswip aa1y3 usAb sidnd e jjeH 191eM JO sdNd € Ul papus|g 4. SHNJ4
8Tl 9000 ¢ 15eB31q 910490 U00dSe) SUQD papub usyy pue Aig
[T1T 6000 € 1sepjeaiq a1ojaq Aep e 92UQ 131em Jo dnd | Ul punoib ale syni4
706 LI0 8¢ 1sepiealq 210j9q Aep e 9duUQ pe|es e se u1ea S| 3nJj |
Y102 auy e ybnoiya
‘|leaW aY3 21099 paUIRIS UYL 318 YDIYM ‘SIINtj a3
€16 9200 6 Aep e 921M1 USAID s1 dnd jley v X|UW 0} pasn .. Ja1em Jo sdnd
‘ylop auy e
Buisn pa.a1jy S| 24NIXIW Y3 491eM JO 2830R1GINOND "1 00-£207/
CSEC €8600 €700 8 Isepealq 210j3q Aep e dnd | sse|b auo yam 1INy sUo buipus|g 4y N4 D /e[piey 6S-SHM-LOg "1 bRUDIDYD DIIPIOWON 44
Aue j1 f11d1x0) Ajlwe4 pue 4aquinu uonisodap
hE| AN D44 D4 pue ‘uoneinp jJuawjeas) ‘sbesoq uonejnwiojadddy  pasnued MHJeH/SWEN [BD0]  /I3qWINU I3YDNOA ‘Swep [edjuejog opN sadiday

(panunuod) g ajqey



Page 10 of 21

(2024) 24:173

Nazar et al. BMC Complementary Medicine and Therapies

09'99 /100 9 Kep e 2ou0 U213 2B SIAe3| 8-/ Sp30PU
sse|B-jley @2npal 01 Pajiog J1em Jo -Weyy '100-€202/60L-SHY-10g Uiy
e 70 700 ¥ 15epealq a10jaq Aep e 9dUQ  SSe|D | ulind pue ‘SaAeS| SUIOS PULID) JEE| 1/eI3g 19 WYDIA "WIng pupnwiwinu snydiziz I3
1sep{eaIq 210§3q
/G°€S €700 Gl Buruiow Apes ayy ur dnd suQ S9AB3| 9Y} WOl 3dIN[ 3y 10e41X3
Jspmod auy
ceel 2000 ¢ 1sep{eaIq 21049q uoodseal suQ Jopmod axew 01 papunib S| jes| ay | Jea
U1e3 3le SPads Yyl pue
J131eM 31 A0WSY IYBIUIBAC 13| pue 9BIDRUR[OS ‘| 00-€C0C/£8-SHM-109
60/8 18900 8/00 /T Buiuiow Ajea auQ ‘I91eM Jo sse|b | Ul Spass G payeos N4 H /ebueAdeys ‘leunq (s4201S) subjnbpod biubYI /€
9B32B13IqWIOD L00-£202/80 L-SHM
] | €000 | 1sepjeaiq a10j2q uoodsesy auQ  Japmod auy ojul papullb uayy pue Lig 1NJ4 1 /1991eH -109 'Z12Y bJNgay> pipUILLIS] o€
o €000 | 1sepjealq a1ojaq uoodsesy | Japmod auy a3eul 0} pue papulo
1ybiuiano
1J3| U3y} puUe pauiquiod aie 1apmod jo 2e32eqeS ‘| 00-£202/F8-SHM
606 99990 9000 ¢ w7 el uoodsa|gel e pue Ja1em Jo dnd auQ SEEIN H/eIWeYS -10g 1 wn2apib-uinuao) pjjauobL| e
3} JO dnd U0 0} PadNPal [IIUN
15ep{eaIq 210429 ullp pue dnd paJ10q "SIy {7 10} 9ABS| pUP 2e32eDIBWE] ‘00-E£207/E8-SHY
G579 | €000 L 2uo o1l adpal e Jo sdoip 9a1y1 Ind 191eM JO SIDM| QL Ul S9ARD| BY ¢ ode| JleEy 1/zeyo -10g 1s1exH () pyAydp xupwpy €
15epIRaIq 210437 9B32RUP|OS “| 00-€£20T/L0L-SHY
Gl €£€0 6000 € Aep e >uo uoodsa|gey auQ Japmod auy axew usyl pue A1 SEEIN H /eYLIel eylel -1097 wnupjubiiA LNUDjOS ¢
9e32eUA>0dY ‘L 00-€20/FL-SH)
/T[T €E€€0 6000 € Aep e uoodsajgel auQ papulb uayi pue Aig pod S /ellepuen) -10g "2udaQ bIdLIs DAZDYY 43
9B3DRISISY L 00-€C0T/90 L-SHM
9/0¢  SZO CL00 ¥ 15ep{eaiq 210429 0UQ ULIOf YS34) Ul U1e3 2Je SIIMOJ) § Jamol{  H /Abueyqg Aueman -1097 wnijojubajul wnjuayiod L€
9ea2eDIUNg ‘1 00-£20C/S0L-SHM
o] | €000 | 1sep{eaiq 21042q uoodsa|gel | Japmod auy olul papuib usyy pue AiQ [93d 1 /deuy -10g 7 wnpupib po1uNg 0¢
sasse|b ¢ 0111 9dnpai Buljioq Ag 9eRLAW '100-€20Z/€L-SHM
19%E LLLLIO 9200 6 15ep{eaiq 210j2q Aep e 9dU0 sse|b | ua1em sse|b-f ulind aie sanea| wb 05 Jea 1 /pooiwy -10g 1 bAblonb winipis4 67
dn> | 01 padnpal pue
ceee 2000 ¢ 15e{ERIq 310J2q AW dUQ dno ., | Ul pajiog ale sened| G 0} Jlecy
$I91| 0} JUSIUOD Ja1em ay) bupnpal
LLLL €000 | 1sepjeaiq alojoq Aep e aduo suoods ¢ 191BM JO SI311| G Ul pP3Jlog SI yieq by | yieg
2832e3|0
o 80 Cl00 ¥ Aep e 35U0 WO} opnuo Ul Usles aJe sinlj G1-01L nJ4 1/UMOYS  100-€202/%0 L-SHM-LOF T Sisuadod paj0 8¢
Aue j1 f11d1x0) Ajlwe4 pue 4aquinu uonisodap
1 AN D44 D4 pue ‘uoneinp juawjeas) ‘sbesoq uonejnwiojadddy  pasniied lgeH/SWEeN [ed0]  /I3qWINU JSYDNOA ‘Swep [edluelog oN sadiday

(panunuod) z 3jqey



Nazar et al. BMC Complementary Medicine and Therapies (2024) 24:173 Page 11 of 21

14 -
12 -
< 10 -
o 8 4
&
= 6
W
2 4
D
A~ o
0 4
2 2 @ L o2 o ¢ @ I R
‘boo“"\o& (boé” &o@q’ \,boe"b ‘boéb . @0&. tz&éb &0& (bzﬁ” ‘bge?’ ‘boéb & %00‘1’0 T ®
FFFE ST TG EFFF ST
&Y KW Y & & § &
< F bRty
Plant Families
Fig. 4 Dominant antidiabetic medicinal plant families of the study area
70
60
N 50
&
& a0
=
3 30
St
D
A& 20
: 288N
0 o & & o
SO S N S I S SR I
& & F S SN > @ °© © 9
e ¢ T Y TS
&
Plant parts
Fig.5 Medicinal plant parts in the herbal formulation against Diabetes
17 Habit of the reported species
18
16
13
% 14
.g 12 4
=]
2 10 -
g
= 8 6
S 6 -
o
Z 4
5 | 1 1
0 &
Tree Herbs Shrubs  Climber Runner

Life form of medicinal plants
Fig. 6 Habits of antidiabetic medicinal plants species



Nazar et al. BMC Complementary Medicine and Therapies

Mode of preparation

The primary participants most frequently used the fol-
lowing methods to prepare herbal medicines: powder
[19], fresh [16], juice [15], and decoction [11] (Fig. 7).

Dosage and toxicity

In most cases, the recipes were administered trice and
twice a day, at breakfast, lunch, and dinner. Some of
these were taken before breakfast, and some after. Most
of the primary participants mentioned using traditional
remedies after lunch and dinner. In a few instances, tox-
icity reports have also indicated that long-term usage
of Azadirachta indica causes a rise in uric acid levels in
the bloodstream. Momordica charantia and Eriobotrya
japonica have been linked to difficulties such as elevated
heart rate and stomach issues.

Review results

Many plant species such as A. vera, B. rapa, C. colocyn-
this, A. tuberculata, and C. papaya, etc were analyzed
for in-vivo antidiabetic activities. For in-vitro and in-
vivo activity, a total of 36 plant species from 28 distinct
families were recorded. Thirty-five (35) plant species
were evaluated for in-vivo animal studies and 28 for in-
vitro anti-enzymatic activities. Among these families,
Oleaceae and Solanaceae were dominant with 4 and 3
plant species followed by Meliaceae and Solanaceae with
2 species each. The rest of the families were reported with
one plant species. Different plant parts were found to
be utilized for antidiabetic potentials. Leaf as plant part
reported mostly followed by fruit and seed. Leaf was used
14 times and fruit 9. Ethanolic, aqueous, and methanolic
were among the leading solvents used for the formula-
tion of extracts. The result from the literature also reveals
that phenolic, flavonoids, alkaloids, and terpenoids were
reported mostly from phytochemical analysis (Table 3).

20
18
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12 4
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o

(2024) 24:173

Page 12 of 21

In-vitro antidiabetic activity reveals that C. colocyn-
this and O. europaea showed the highest zone of inhibi-
tion against a-amylase (210%) and a-glucosidase (355%
and 204%) respectively. C. baccatum against a-amylase
showed a 143% zone of inhibition while E carica with
104% (Table 3). However, two plant species reported in
the survey that is Buxus wallichiana Baill and Launaea
nudicaulis (L.) found to have rare data regarding in-vivo
and in-vitro anti-diabetic activities.

Discussion

The present study revealed that people who are local
inhabitants have great traditional knowledge regarding
plants having medicinal potential. The study was based
on traditional uses of plants used against diabetes by
local people. Data revealed that people preferred plants
over modern drugs to treat diabetes. The plants are safe
and productive.

The study was conducted randomly from different
areas of District Karak to explore that not only local heal-
ers used these plants but also common people who did
not practice medicine have great knowledge of plants
having anti-diabetic properties. In the present study
total of 346 respondents (211 male and 135 female) par-
ticipated in collecting usual information about the use
of herbal medicines. The data was divided into different
modules based on their age, education, and occupation.
According to [96, 97], a total of 67 informants out of 103
individuals (response rate: 69%) from nine ethnic groups
were interviewed; 70% of the informants were men and
30% were women. A study was conducted by [98] and
reported a total of 150 respondents (100 females and 50
males). They participated while collecting information
regarding multiple diseases including diabetes, gastroin-
testinal, and urinary tract infections. Our results agreed
with [99] where males were the major respondents.
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The results of the present study show that the maxi-
mum use values (UV) were noted for Brassica rapa,
Melia azedarach, and Calotropis procera [1] while Apter-
anthes tuberculata (0.147) followed by Momordica char-
antia (0.11), Zygophyllum indicum (0.092) and Withania
coagulans (0.078). In 2019 [100] applied UV and RFC
on the collected data and reported the highest RFC for
Adiantum venustum (0.27) used in the form of paste for
wound healing properties, Artemisia fragrans (0.25) used
in the treatment of boils, similarly Aconitum chasman-
thum (0.24) used as a decoction for treatment of mumps
and measles. The UV recorded highest for Pisum sativum
(0.143), Cynodon dactylon (0.125) and Adiantum venus-
tum had a very low use value (0.021).

Among all modes of preparation, powder was most
preferable. The results of the study conducted in North-
ern Pakistan by [100] reported that in various prepara-
tion methods, the powder was most frequently used.

According to the current study, the percentages of plant
parts that are used are as follows: 68% for leaves, 47% for
fruits, 21% for seeds, 7% for flowers and whole plants,
and 4% for rhizomes and areal stems with branches.
According to a study by [101] leaves (90%) fruits and
roots (16%), seeds, and entire plants (8%), each. This is
beneficial in terms that plants may not be damaged as
leaves were removed from plants rather than stem and
root. In another study, the most common ingredient uti-
lized to prepare traditional medicines was leaves. Rich
in several phytochemicals, including tannins, glycosides,
alkaloids, and saponins, leaves are readily available [102].

Trees and Herbs were major life forms of plant spe-
cies used as antidiabetic medicine. These findings were
in accordance with many other surveys documented
for monoherbal recipes where trees and herbs were the
dominant plant status [103, 104]. It may be because tra-
ditional healers have access to a large number of trees or
herbs that are natural.

In the current survey, 38 plant species belonging to 29
families were recognized which were frequently used by
inhabitants to treat diabetes. Among these 29 families,
four families Oleaceae, Cucurbitaceae, Solanaceae, and
Asteraceae were dominant. According to [105] families
that were frequently cited are Solanaceae and Moraceae
followed by Apiaceae, Cucurbitaceae, Euphorbiaceae, and
Fabaceae. The remaining families contributed a minor
role in the ailment of diseases traditionally.

The species that the inhabitants preferred to treat spe-
cific diseases based on their level of fidelity. There were
significant variations in the documented species’ fidel-
ity levels for a specific disease. Among the species that
have been reported, a maximum value of FL (94.44%)
was recorded for A. tuberculata, Z. indicum (94.11), C.
colocynthis (88.88), and A. esculentus (83.3) for treating
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diabetes, skin and wounds. On the other hand, the least
FL was recorded for L. vulgare (3.70), M. charantia (4.76)
and O. europaea 5.55 respectively.

According to a study conducted in 2023, Berberis
lycium had the highest FL value (89.9%) when used to
treat ulcers and stomach pain. Decaspermum blancoi
came in second with an FL value of 62.2 percent when
treating diarrhea and abdominal pain, and Sageretia thea
and Solanum nigrum each had an FL value of 53.3% when
treating hepatitis and blood purification, respectively.
However, the Xanthium strumarium, Cephalanthera
longifolia, and Astragalus grahamianus showed the low-
est fidelity level [106].

FL ranged from 28 to 100%. The plant species mostly
used in the study area with 100% fidelity level were Aes-
culus indica, Amaranthus viridis, Artemisia scoparia,
Cedrus deodara, Chenopodium botrys, Jasminum humile,
Malva sylvestris, Layia chrysanthemoides, Thalictrum
foliolosum, and Urtica dioica [107].

In the present study, the ICF values for different ail-
ment categories treated by the local informants in this
survey ranged from 0.33 to 0.89. Diabetes, skin, wounds,
and respiratory 0.89, 0.86, and 0.81 ICF, respectively,
were ranked as the most popular ailment categories for
medicinal plants in this region. Diabetes disorder scored
the highest ICF (0.89). This unexpected result is due to
the high use report of few medicinal plants for treating
diabetes mellitus such as Apteranthes tuberculata, Zygo-
phyllum indicum, Citrullus colocynthis, and Abelmos-
chus esculentus with 346, 195, 78, and 61 use reports,
respectively.

The condition with the greatest ICF was diabetes
(0.92). This surprising outcome can be attributed to the
high number of reported uses of a select few medicinal
herbs, such as Tecomella undulata, Berberis integerrima,
and Citrullus colocynthis, which had 91, 61, and 41 usage
reports, respectively, for treating diabetes mellitus. In this
instance, the antidiabetic qualities of C. colocynthis, a
well-known medicinal plant in the province of Kerman,
are well documented [108].

These findings are due to high-use reports for plant
species such as Calotropis procera, Pergularia tomentosa,
Rhazya srticta, and Tecomella undulata in the treatment
of eczema, wound healing, and other skin disorders]. A
different study found that endocrine problems had a high
FIC value (0.90), followed by fever (0.88), gastrointestinal
disorders, and dangerous bites. The dental care category
has the lowest value (0.60) [109].

Compounds reported in A. tuberculata such as preg-
nane glycosides, and flavone glycosides have anti-dia-
betic properties [110]. Bioactive polysaccharides such as
rhamnose and galacturonic acid belong to the class car-
bohydrates found in A. esculantus (okra) and reportedly
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have biological functions in the body [111]. Another
study [112] reported compounds like pectin, guar gum,
and carboxymethylcellulose (CMC) add good results
in various conditions like hyperlipidemia and diabetes.
Saponin a natural product found in C. colocynthis has the
anti-hyperglycemic effect and may interact with many
metabolic pathways or insulin metabolism. It also affects
glucose homeostasis directly or indirectly [113]. A com-
pound isolated from M. charantia L. named charantin is
documented to have insulin-like activity by promoting
the release of insulin and decelerating glucogenesis [114].

Numerous plant species, including A. vera, B. rapa, C.
colocynthis, A. tuberculata, and C. papaya, among oth-
ers, were tested for their in-vivo antidiabetic properties,
according to the review results. For in-vivo and in-vitro
activity, a total of 36 plant species from 29 distinct fami-
lies were described. For in-vivo animal research, 35 plant
species were assessed, and 28 were investigated for their
in vitro anti-enzymatic properties. With four and three
plant species, respectively, Oleaceae and Solanaceae were
the most numerous of these families, followed by Meli-
aceae and Solanaceae with two species apiece. A study by
[115] found that 255 plant species from 70 families were
recorded. It was claimed that the two most represented
families are Compositae and Lamiaceae. Most Moroc-
cans use Artemisia herba-alba, Nigella sativa, Olea euro-
paea, Marrubium vulgare, Trigonella foenum-graecum,
and Allium cepa as common plant species.

Conclusions and recommendations

Having assessed, the ethnopharmacological properties
of antidiabetic medicinal plants has provided valuable
insights into the traditional diabetes management prac-
tices in the study area. The present study highlights the
importance of indigenous wisdom in preventing diabe-
tes and identifies several plants that may have anti-dia-
betic properties. The findings of our study bridge the gap
between traditional and modern medicine, encouraging
further investigation and validation of these plants’ thera-
peutic effects through in-vivo, in-vitro, and phytochemi-
cal activities.

Validating the anti-diabetic properties of identified
medicinal plants requires rigorous scientific research.
For instance, phytochemical analysis and bioassays may
be conducted to understand the active compounds caus-
ing the observed effects. Furthermore, the findings of this
study support the initiation of clinical trials to examine
the safety, efficacy, and optimal dosage of the most prom-
ising antidiabetic herbs. The study proposes standard
protocols for preparing and administering herbal rem-
edies to ensure consistency and quality control. Moreo-
ver, it is also important to promote the cultivation of
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medicinal plants to reduce pressure on wild populations
and ensure a sustainable supply.

To summarize, ethnopharmacological assessment of
antidiabetic medicinal plants offers significant poten-
tial for diabetes management. By respecting traditional
knowledge, conducting rigorous research, and imple-
menting appropriate regulatory measures, we can har-
ness the potential of investigated medicinal plants and
improve diabetes care.
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